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PREFAOE 

TO 

THE TWE^^T1ETH EDITION 


Thk call for a now edition in ;i little over eighteen months is proof of (h(? 
increasing nsefulness and popularity of Gray's Anntomij. 

In this edition, as in the eighteenth and nineteenth, the new or ' Ihi'^le ’ 
terminology (or an English translation of it) is used, and when* a new name 
differs materially from an old one, tin* latter is plae<‘d within brackets .ifter 
the former. Both sets of names are inde^(‘d. 

I. tender my host thanks to Dr. J. Aeworth Ahav/ies. Profe ssor of lMi\siology, 
and to i)r. E. Philip Stibbe, Demonstrator of Anatomy, in this Ihiiversity 
Professor Menzies has kindly corrected the histological ])art of tin* hook, while 
Dr. Stihhe has helped to revise the tcAt and pass tin* volnnui through the 
press. 

Tho-vhawings for the new illusl rations (about sixty in niiinlKHii) wiuvj^adc 
by that skilled and painstaking artist, Mr. S\’dnev A. Sew(^ll. 

IIOHKRT HOWDKX. 


I'SIVKUSiTr DcUHAM (\)LeE(iE OJ- Meuk ine, 

KWCASTLE-r I'ON -T I'X T, Fi>hr»KUy^ ini S. 



WENIIY (5KAV. K.11.8., F.C.t'.S. 


'Thk rvatlerw of (J ray’s Anatomy, the 
lirst edition of wlik*h was ]jul)lishod sixty 
years a^o. may. he interesteil to loam 
'^omelliiTig (»f its author. Tfeury <Jr«ay. 

The following intorination n^gaidiiig his 
rjafeer lias heon exhaoteil from an article 
which appeared jji the St. 

Jfn.spifal UazvtU of Atay 21st. 1U08. 

(iray. whose f it her was fjrivjite 
mos'^enger to (roorgo IV’. and alsti to 
William IV.. was horn in 1827. hut of 
}i!S childhood and early ednealioii nothing 
i.N known. 

On the hth of Ma), 1815, he entomi 
•IS a pej’pctual stndent at St. (.George’s 
llosjiital, London, and he is dt'serihed 
hy Ihose who Knew' him as . “ a most 
[tainstaking and nudhodical w«)rkcr, and 
(Mie who learnt his aifatorny hy the slow 
hill inviihiahle irudhod of making dissec- 
tions for hirascHV’ 

While still a stiuJent he secured, ni 
IS 18, tlie triennial pri/s* of the Royal 
(*oUeg(* of Surgeons tor an es.‘«ay entitled, 

“The origin, connexions and distrihntion 
of the nerve'k to the human eye and its 
a ppendagos, illijstra1(M| hy er * 1)1 |)a rati ve 
diss^eNjpiJRi of the^eyc iu other vertehrato 
animals.” 

At the early age ol Iw'enty-tive he 
was, in 1852, elected a Fellow' of the 
Royal Society, and in the following year he obtained tlic Awilcy (boper prize ot throe 
hundred guineas for a dissertation *' On the structure and use of the splei-n.” 

He held successively the posts of demonstrator of anatomy, curator ot the museum 
and h'clurer on anatomy at St. George’s ilo.spital, and war in 1861 a candidate* for the post 
of assistant -surgeon. Unfortunately he was struck dowm h> an attack of'coufluent smaUpifar, 
which ho coritraetod while looking after a nephew wdio was suffering, fr^pn that disease, 
and died at the early age of thirty-four. -V career of great promise w'as thus untimely oui 
short. Writing on June 15th, 1861, Mir Boijamin Brodie said, "His death, just as hit 
was on the point of obtaining the reward of his labours . . . is ii great loss to Ihe Hospital 
and School.” ' . ’ ‘ 

In 1858 Gray published the first edition uf his Anulomy wdiioh covered 750 j)agea and 
eontaineck 36H tigui-es. He had the good fortune to secuto the helj) of his^friend. Dr; H* 
V’andyke Garter, a skilled draughtsman and formerly a *d©moastraXor of anatomy at Si; 
(Teorgo’s Hospital, ('artel* made tlip drawmi^ from which engravings executed, 
apd the success of the book was, in fhe fir^ instaiKK?, undouhtodly dne in no small 
measim^ to the excellence of its ill nitrations. ' A second edition was prepared by Gray 
and published in 1860. \ 

Theipottrait here gived of "‘Gray fir a, reproduction of one which ajfpeared in the St. 
George\» Hospital Gazette of May 21&t,'1908, where the original is described as Ix^ing ‘*a 
very faded photo^aph. ta^ih ty Mr. Henry Pollock, stxjond son of the late Lord (Jhief 
Barqivf^it' Fre<l6rick Pollock, and one of the earliest members of the idiolographic soeitrt-v 
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INTRODUCTION 

rnUK tctm human anatomy comprise«3 a igonsider^^iion of the various strue- 
^ tures which make up the huo^ /'^Ih a xestrioted sense it 

deals merely with the parts which fully developed individual and 

which can be rendered evident to the naked eyfe by various methods of dissec- 
tion. Regarded from such a standpomt j^y be stud^^b^ two methods : 
(1) the various structures may boje^i^t^y ^ anatomj ; 

or (2) the organs and tissues ma^ be telatmn to one another — 

topographical or regional ana^lomf, ' < ! " ’ - * " ^ . 

It is, however, of much advantage to add'^ tbe ia^l^has^^ by naked- 
cyo dissection those obtained by t^’^^ This introduces 

two fields of investigation, ^viz. tbi^iti|^Of stri^eture of the various 

component parts of the body— human organism 
in its immature condition, i,e. thb its'^intra-uterine develop- 
ment from the fertilised ovum it asaumes an independent 

existence — embryology. ()uing obtaini|%^ material illus- 

trating all the stages of this ehriy^d;^v^loyn^t, must be filled up by 
observations on the development ol embryology, or 

by a-^p&ideration of adult fonn^.hoi the;fi^^bf human ancestry — comparative 
anatomy. The flirect application of the human anatomy to the various 

jiathological conditions which may occur constitutes the subject of applied 
anatomy. Finally, the identification of structures on or immediattJy imder- 
lying the surface of the body is frequently made the subject of special study— - 
surface anatomy. 

Systematic anatomy. — ^The various systems of which the human body is 
composed are grouped under the following headings : 

1. Osteology — the bony system or skeleton. 

2. Synde^mohgy—ih^ articulations or joints.' 

3. Myology — the muscles. With the description of the muscles it is con- 
venient to include that of the fasciae which are so intimately' connected with 
them. 

4. Angiohgy — ^the vascular system, comprising the heart, blood-vessels. 
I^miplintic vessels and lymph glands. 

5. N4f&rology — ^the nervous system. The organs of the ^nses may be^ 
included in this system. 

6. Splanchnology — ^the visceral system. Topographically the viscera form 
two gfoqps, viz. the thoracic viscera and the abdoininopelvic viscera. The 
heart, a thoracic viscus, is best considered with the vascular system. ' The 
rest of the viso^a may be grouped acc^ording to their functions : (a) the 
respiratory appamiua; (6) ihe. digestive apparatus) and (c) the urogenital 
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apparatus. Strictly speaking, the third sub-^oiip should include only such 
components of the urogenital apparatus' as are included within *thf> abdomino- 
pelvic cavity' but it is convenient to study under this heading certain parts 
which lie in relation to the surface of the body, e.g. the testes and the external 
organs of generation. 

For descriptive purposes the body is supposed to lie in <he erect posture, 
with the arms hanging by the sides and the palnu of the hands directed for- 
wards. The median plane, is a vertical anteroposterior plane, passing through 
the centre of the trunk. This plane will pass approximately through the 
sagittal suture of the skull, and hence any plane parallel to it is termed a 
sagittal plane. A vertical plane at right angles to the median plane passes, 
roughly speaking, through the central part of the coronal suture or through 
a line parallel to it ; such a plane is therefore known as a ca/onal plane, A 
plane at riglit angles io both the median and frontal planes is termed a transverse 
•r horizontal plane. 

• The terms anterior or ventral., and posterior or dorsal, are employed to 
indicate the relation of parts to the front or back of the body or limbs, arid 
the terms superior or cephalic^ and inferior or caudal, to indicate the rc^lative 
levels of different structures ; structures nearer to or farther from the median 
plane are referred to as medial or lateral respectively. 

The terms superficial and deep are strictly confin(‘(l to descriptions of the 
relative depth from the surface of the various structuios : external and internal 
are reserved almost entifely for describing the walls of cavities or of hollow 
viscera. In the case of the limbs the words proxhjuil *^nd distal refer to the 
relative distance from the attached en<i of <he limb. 
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THE ANIMAL CELL 

ALL the tissues and organs of the body originate from the fertilised ovum, a mierp- 
scopic structure consisting of a jelly-like material enclosed in a membrane, 
and containing a small, spherical, more solid body in its interior ; the contained 
body is called a nucleus, and within it are found one or two distinct spots, termed 
nucleoli. The fertilised ovum divides tind subdivides into an enormous number 
of similar structures, which are known as cells, and these become variously modified 
according to the function which they have to perform. Although the cells of the 
different tissues and organs vary considerably in shape, size, and other characteristics, 
each consists of a semi-fluid material, known as protoplasm, and contains a nucleus. 
A cell may therefore be defined as a minute nucleated mass of protoplasm (fig. 1). 


Fig. 1. — Hiagiam of a cell. 



Protoplasm varies in composition, but in all cases it yields, on analysis, nitro- 
genous substances, known as proteins. When examined with high powers of 
the microscope it may appear homogeneous, but many cells show some degree of 
differentiation into**fibrils or granules. After fixation with reafgeuts, such as 
mercuric chloride, most cells exhibit a reticular, or rather a sponge-like structure, 
which has a greater affinity for dyes than the material contained in its meshes. 
It was* forpierly believed that living protoplasm had a similar structure, and con- 
sisted of a fibrillar network, or spongioplasw, with a more fluid material, or hyah- 
plastn, in its interstices. The view most commonly held at the present time, however, 
is that the large molecules of which protoplasm is composed are so arranged as to 
form two distinct ‘ phases,’ The result is a structure resembling foam, and con- 
sisting of minute spaces containing fluid material and bounded by a less fluid phase 

O.A. A 
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formed by a closer aggregation of the molecules. Whether this v.iew be correct 
or not, it is convenient in the meantime to retain the terms spongioplasm and 
hyaloplasm to indicate the structure seen in the fixed and stained cell. • 

The protoplasm of cells frequently contains granules of foreign material, such 
as glycogen, fat, or pigment. These* may have been either formed in the cell or 
taken in from without, and are spoken of as parapZam or deiUerofjilam. 

Few animal cells resemble the ovum in possessing a definite cell-membrane : 
in those which do not, the surface exhibits certain physical properties which point 
to a local condensation of feme of the protoplasmic constituents. According to 
Overton these are of a fatty nature and are known as lipoids. 

The nucleus, in fixed and stained preparations, exliibits . a dift’ereiitiation 
into a network, or karyomitome, and a- more fluid material, or karyoflasm^ in the 
meshes of the network. Tlie karyomitome is condensed at the periphery of the 
, nucleus to form a well-defined wall, the vmchar membrane, and consists of,particlc.s 
of a substance, called chromatin because of its affinity for basic liyes, imbedded 
in a homogeneous material, linin. which stains with acid dyes. The staining 
I^operties of chromatin arc due to -the presence of nucleic acid. . 

. The nucleolus is a small, s])herical, highly refracting body, whicli stains 
with acid dyes. Nodes of the chromatin network are liable to be mistalien for 
nucleoli, but may be distinguished by their irregular shape and staining aflinitios ; 
they are known as pseudonucleoli. 

A centrosome is present in most cells. It lies near the nucleus, and con- 
sists of a small, spherical area of clear protoplasm, in the middle of which is a 
minute spot or centriole. The centrosome is often called the aliraclion sphere 
because rows of granules in the protoplasm immediately smrounding it are arranged 
so that they radiate outwards from it like the rays of the conventional snn. 

Reproduction of cells is effected either by direct or by indirect division. In 
reproduction by direct dwision the nucleus becomes constricted in its centre, 
assuming an hour-glass shape, and then divides into two. 'This is followed by 
a cleavage or division of the whole protoplasmic mass of tlie coll : and thus two 
daughter cells are formed, each containing a nucleus. The daughter ( 5 i*lls are at 
first smaller than the original mother cell ; but they grow, and the process may 
be repeated in them, so that multiplication may take place rapidly. Dipcct division 
is said to occur in the epithelial cells lining the bladdi'r. Indirect division or karyo- 
hinesis (karyomitosis) has been observed in generative c(‘lls, epithelial cells, con- 
nective tissue-cells, muscular tissue, and nerve-cells. It is ])ossible that oell-d^sion 
may always take place by the indirect metbod, and ibat in those cases in which 
direct division has been described the intermediate stages may not have been seen,' 
owing to the process occurring mr)re rapidly than usual. 

The process of indirect cell-division is chariicterised by a series of complex 
chanifes in the nucleus, leading to its subdivision ; this is followed by cleavace 
of the cell protoplasm. Starting with the nucleus in tlio quiescent or resting stage, 
these clianges may be briefly groui^ed under the three following phases (fig. 2) : 

1 . Anaphase. The nuclear network of chromatin filaments assumes the form 
of a twisted skein or spireni, while the nuclear membrane and nucleolus disappear. 
The c<mvoluled skein of chromatin divides into a definite number of V-shaped 
segincnts or chromosomes. The number of chromosomes varies in different animals, 
but is constant for all the cells in an animal of any given species ; in man the number 
is given by Flemming and Duesberg as twenty-four * Coincidontly with or pre- 
ceding these changes, the centrosome, which usually lies l)y the side of the nucleus, 
undergoes subdivi.sioji, and the two resulting centrosomes are seen to be connected 
by a spindle of delicate achromatic fibres, the adiromat/ic sjnndk. Tht* centrosonu^s 

nrnye away from eacli other — one towards either extremity of the nucleus and the 

fibrils of the achromatic spindle are correspondingly lengthened. A line en- 
circling tJie spiiMle midway between its extremities or poles is named the equator 
and around this the V-shaped chromosomes arrange themselves in the form of a 
star, thus constituting the monaster. 

2. Metaphase.— Fjsxih V-.shaped chromosome undergoes longitudinal cleavage 
into two equal parts or daughter chromosojues, the cleavage commencing at the 
apex of the V and extending along its divergent limbs. The daughter chromosomes 
thus separated, travel in opposite directions along the fibrils of the achromatic 
spindle towards the centrosomes, around which they group themselves, and thus 

* Dr. . 1 . Diu'sbcrg, Anaf. Anz., Kmid xxviii. S. 47.5. 
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two star-like figures are formed, one at-either polo of the achromatic spindle. Tliiti 
constitutes the diaster, 

• 3. Katapluise , — The daughter chromosomes arrange themselves into a skein 

or spirem, and eventually ff)rm the network»of chromatin which is characteristic 
of the resting nucleus. The iiuchjar membrane .and nucleolus are also differentiated 
during this phase. The cell -protoplasm begins to appear constricted around the 
equator of the achromatic spindle, where double rows of granules are also soinetimes 
seen. The constriction deepens and the original cell is gradually divided. 


Flo. 2. — Diagram sliowing the changes uhicli occur in tlu; C(?ntvu5oini; and nuclon^ 
of a cell in the process of mitotic division, as seen in the epidermis of a larval 
salamander. 




l to 4 Anaphase ; 5 and 0, Metapbase ; 7 and S, Kafapliase. 


The term telophase is sometimes a]>plied to the concluding stej)s of the process 
of division, in which the daughter cells are finally separated and their nuclei and 
centrosomes assume the characteristics of the restiug stage. 

^eterotypical and bomofcypical mitosis. — In the case of the cells of the repro- 
ductive glands the mitotic process differs from that described al>ove. After the 
formation of the chromosomes, pairs of these structures become connected by 
their ends so as to form elongated, rings. The chromosomes of the daughter nuclei 
are formed by the breaking of these rings across the middle. Bach chromosorai^ then 
splits in its length into two. No kataphase occurs, and division of the original 
cell takes place. This process is known as heterotypical mitosis, and it is immediately 
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followed by a division of each daughter cell, •known as ho^notypioal 
the chromosomes separate into two equal groups,, one group for each new cell. Lach 
nucleus resulting from homotypical mitosis has thus one-half of the number of 
chrotnosotties normal for the species, and it passes through a kataphase to form a 
typical resting nucleus. 


EPITHELIUM 

All the surfaces of the body— the external surface of the skin, the internal sur- 
faces of the digestive, respirator)*, and genito-urinary tracts, the closed serous 
cavities, the inner coats of the vessels, the acini and ducts of all secreting and ex- 
creting glands, the ventricles of t^e brain 
Fig. 3. — Simple pavoment epithelium. and the central canal of* the medulla 

spinalis- arc covered by one or more layers 
of cells, called epithelium or epithelial cej}$. 
These cells are also present in the terminal 
parts of the organs of special sense, and in* 
some other structures, such as the hypo- 
physis cerebri and the thyreoid gland. 
They serve various purposes. Thus, in the 
skin, the main purpose served by the 
epithelium (here called the epidermis) is 
that of protection ; as the surface is worn 
awiiy by the agency of friction new cells 
are supplied, and thus the tlrue «kin and the vessels and nerves which it contains 
arc defended from damage. The epithelial cells of the salivary glands, the pancreas, 
the gastric glands, and the glands of the small intestine prepare the digestive juices ; 
those covering the intestinal villi are concerned with the absorption of the products 
of digestion ; similar cells lining the kidney tubules excrete waste products ; others, 
such as those lining the serous cavities, provide a smooth, moist surface. 

Epithelium consists of one or more layers of cells, usually supported on a base- 
ment membrane, and united together by cement substance, which is similar in 
chemical composition to the matrix or ground substance of the connective tissues, and 
has the property of reducing nitrate of j , 

silver. Epithelium is naturally grouped 4.— Columnar cpitheliSl colh from tho 

into two classes according to whether small intestine of the cat. x 000. 
there is a single layer of cells {simple 
epithelium), or more than one (stratified 
epithelium and transitional epithelium). 

Simple epithelium. - -The d ifPerent 
varieties of •simple epithelium are squa- 
mous or pavement, columnar, glandular, 
and ciliated. 

Simple squamous or pavement epi- 
thelium (fig. 3) is composed of flat, 
nucleated cells of different shapes, 
usually polygonal, and varying in size. 

These cells fit together by their edges, 
like the tiles of a mosaic pavement. The 
nucleus i.s generally flattened, but may 
be spheroidal. The protoplasm of the sWe view cells seen from surface, 

cell may be fibrillated, the fibrils of „ 

adjacent cells, beifig continuous across the intervening cement. This kind of epi- 
thelium forms the lining of the alveoli of the lungs. The eo-called endi^hdimn, 
which covers tho serous membranes, and which lines the heart, blood-vessds and 
lymphatics, is also of the pavement type. ^ ^ 

Columnar or cylindrical epithelium (fig. 4) consists of cylindrical or rod-shaped 
cells set together so as to form a complete layer, resembling, when tiewed in profile, 
a palisade. The cells have a prismatic figure, fipom mutual pressure, and are set 
UjjrigLt on the surface which supports them. The cell-protoplasm is always more or 
reticulated ; tJie nucleus is oval in shape and contains an intranuclear network ; 
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the centriole*is double and lies near the surface of tlie cell. In the columnar 
epithelium of the intestinal villi, the free border of each cell shows a refractive 
•cap which exhibits well-defined vertical stria- 
tions. Columnar epithelium lines nearly the 
whole gastrb-intestinal tract and its glands, the 
greater part of ‘the male urethra, the ductus 
deferens, the tubules and ducts of the prostate, 
the bulbo-urethral glaads of Cowper, and the 
vestibular glands of Bartholin. In a modified 
form it also, covers the ovary. 

Oohlet- or chalice-cetts are modified columnar 
cells. Each appears to be formed by an altera- 
tion in shape of a columnar cell (ciliated or 
otherwise) consequent on the formation of 
granules, which consist of a substance called 
mucigen, in the interior of the cell. This dis- 
teJids the upper part of the cell, while the nucleus 
is pressed down towards its deep part, until 
'the cell bursts and the mucus is discharged 
on io the surface of the mucous membrane 
(fig. 5), the cell then assuming the shape of an 
open cup or chalice. A double centriole is found 
in the mucin-containing part of the goblet cell. Cells of this kind are especially 
numerous in the mucous membrane of the stomach, and in the glands of thts large 
intestine : they also occur in the epithelial coverin^pf the villi of the small intestine 
and in that lining the respiratory tract (fig. 7). 

Glandvlar epithelium (fig. 6) is composed of polyhedral, columnar or cubical 


Flo. (i. — Isolated liver colls of a rald)it. x 500. Fio. 7. — Ciliated epithelium from the 



coll (scmidiagmiumatic). 

cells. The protoplasm shows a fine reticulum, which . 
gives to the cells a granular appearance. Besides these \ 
protoplasmic ‘ granules,’ gland cells usually contain \ 
true granule.s which are the products of their own ' 
activity. These are in many cases zymogenic in nature, 
that is, they are^ or contain, the precursors of enzymes 
or ferments^ 

Ciliated epithelium (fig. 7) is generally columnar in 
shape. It is distinguished by the presence of minute 
processes, like hairs or eyelashes Xcilia), standing up 
from the free surface. The cilia (fig. 8), at their points 
of attachment to the free border of the cell, possess 
small nodular enlargements ijmsal kn<As of Engelmann) ; 
from these knobs fine beaded filaments extend through 
the cell, and converge to a point near the fixed extre- 
mity. The basal knobs or particles have been suppu.sed 
to be formed by division of the centriole. If the cells 
be examined during life or immediately on removal 
from the living body (for which in the human subject 
the removal of a nasal polypus offers a convenient 
opporiunity) ill a weak solution of salt, the cilia will be 
seen in lashing motion ; and if the cells be separated, they will often be seen to 
be moved about in the field by this ciliary action. 
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Ciliated epithelium lines the respiratory tract from the nose downwards to the 
smallest rainiiications of the bronchial tubes (except in the lower part of the pharynx 
and on the surfaces of the vocal folds) ; the tympanic cavity and auditory tuoe 
the uterine tube and the cavity of the body of the uterus ; the vasa cfferentia; 
coni vasculosi and the first ])art of the ductus deferens ; the ventricles of the brain 
and the central canal of the medulla spinalis. • 



Stratified epithelium (fig. 9) consists of several layers of cells. The cells vary 
greatly in shape ; those of the deepest lay(*r are for the most part columnar, iind 
are placed vertically on the }>a8('iuent membrane ; above these arc several layers 
of polyhedral cells, which as they approach tlie surface become more and more 
compressed, until the sui^erlicial ones are found to consist of llattened scales (tig. 10), 

Fill. 11.— of opideriiiis from n sr^tion of the skin of the solo of the. foot. 
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which overlap one another so as to present an imbricated appearance. The epi- 
thelium of the skin, or epidermis, is peculiar in that it shows four distinct layers. 
The deep layer consists of columnar and polyhedral ceils as in stratified squamous 
epithelium generally (stratum mucosum). In the next layer, or stratum granulosum, 
the cells are fusiform in section, and contain granules of a substance called eleidin^ 
The third layer, or stratum lucidum, consists of cells in which the eleidin has under* 
gom a transformation into a substance called kcrcUohyalm ; and the cells of the 
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most superficial layer (stratum corneum) are completely converted into a horny 
material, known as keratin (fig. 11), 

• The colls of the deeper layers of stratified squamous epithelium are called prickle- 
cdls ; they are not closely joined together by cement-substance, but arc separated 
from each other by intercellular channels, between wliich are protoplasmic bridges 
containing fine fibrils wliich connect the adjacent cells with each other. When a 
cel! is isolated, it appears to be covered over with a number of short spines, in 
consequence of the bridges being broken through. 

Stratified epithelium is found in the skin, in the conjunctiva, on the anterior 
siu'face of the cornea, and in the mucous membrane of the mouth, lower part of 
the pharynx, oesophagus, vagina and 

part of the cervix uteri epitl.eliu.n. 

Transitional epithelium occurs in 


the ureters and urinary bladder. Here 
the cells of the most superficial layer 
are large and flattened, with de- 
pressions on their under surfaces to 
fit on to the rounded ends of the 
cells of the second layer, which ar<' 
pear.-shaped, the apices touching the 
}»asemcnt membrane. Between the 



tapining points of the cells of the 

second layer is a third varic'ty of cells of smaller size than those of the other 
two layers (fig. 12). In the distended condition of the bladder the superficial cells 
are more flattened, and the pear-shajied cells are shortoi* and broader than they 
are when the bladder is contracted. 


CONNECTIVE TISSUES 

The term connective tissue includes a number of tissues which have a passive 
function, that of binding together or supporting the functioivdly aclive structures ; 
they dilTcr considerably from each other in appearance, but ]>resent many ])oints 
of relationship, and are, moreover, developed from the same layer of tJic (unbryo, 
th(j iiK'sodorm. They are divided into ,thre(s gn^at groups : (1) the connective 
tissues proper, (2) cartilage, and (3) bone. 

TW circulating fluids (although functionally and probably de,velopmen tally 
diSerent) are regarded by some histologists as a form of connective tissue, and are 
dealt with in this section. 

CONNKCriVK TlsSUES rilOI’EK 

Several varieties of connective tissue are recognised: (1) Areolar tissue. (2) 
White fibrous tissue. (3) Yellow elastic tissue. (4) Mucous tissue. (5) Retiform 
tissue. They are all composed of a homogeneous matrix, in which are imbedded 
cells and fibres — the latter of two kinds, white, and yellow or elastic. The distinction 
between the difierent varieties depends upon the relative preponderance of one 
or other kind of fibre, of cells, or of matrix. 

Areolar tissue (fig. 13) is so called because, when artificially distended with 
air or fluid, it exhibits intercommunicating areola) or spaces. It is extensively dis- 
tributed and its chief use is to bind parts together, though allowing, in virtue of its 
extensibility and elasticity, a considerable amount of movement to take place. It 
occurs as subcutaneous tissue, as the submucous coat in the digestive tract and 
elsewhere, and as subserous tissue. It is also found between muscles, vessels, and 
nerves, forming investing sheaths for them, and connecting them with surrounding 
structures. It is present in the interior of organs, binding together the lobes and 
lobules of the compound glands, the various coats of the hollow viscera, and the 
fibres of muscles and nerves. 

When areolar tissue is stretched it is seen to be made up of soft clastic threads, 
resemblmg spun silk, and interlacing in all directions. A thin layer, examined 
under the microscope, shows fibres and cells, imbedded in a homogeneous ground 
substance or matrix. 

The fibres form an irregular meshwork, and are of two kinds, white and yellow. 
The white fibres are exceedingly fine; they are colourless, homogeneous and 
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When they am broken across, the ends -tend to curl uj). They also differ from the 
white fibres in staining a dark red colour with orcein. 

• The cells of areolar tissue are of four principal kinds : (1) Flattened lamdlar 
cells, may be either branched or unbranched. The branched lamellar cells are 
composed of clear protoplasm, with few gianules, and contain oval nuclei ; tlieir 
processes may unite with those of neighbouring cells, so as to form a syncytium, 
as in the cornea. Occasionally a cell may be found which shoAvs fibrillation of 
its protoplasm. Some observers believe such a condition to be a stage in the 
formation of the white fibres. The unbranchod cells are joined edge to edge like 
the cells of an epithelium ; the flattened cells lining the serous cavities are examples 
of this variety. (2) CJmmatocijtes are large irregular cells characterised by tlio 
presence of granules or vacuoles in their protoplasm, and containing oval nuclei. 

(3) Granule-cells are ovoid or spheroidal in shape and contain basiphil granules. 

(4) Plaspta-ceUs of Waldeyer are usually spheroidal in shape and distinguished 

by containing 'a vacuolated protoplasm ; the vacuoles are filled with fluid, and 
the protoplasm between them is clear, with occasionally a few scattered basiphil 
granules. * 

In addition to these four types of cells, areolar tissue may contain wandering 
tells, i.e. leucocytes which have emigrated from the neighbouring vessels ; in some 
insta/ices, as in the chorioid coat of the eye, cells filled with granules of pigment 
{pigment-cells) arc found. 

The cells lie in spaces in the ground substance between the bundles of fibres, 
and these spaces may be brought into view by treating the tissue with nitrate of 
silver and exposing it to the light ; this will colour the ground substance and leave 
the cell-spaces unstained (fig. 14). 

Adipose tissue.- -In almost all parte of the body areolar tissue contains a variable 
quantity of adipose tissue or fat. The principal situations where it is not found 
are the subcutaneous tissue of the eyelids, of the penis and scrotum, of the labia 
minora ; within the cavity of the cranium ; and in the lungs, except near their 


Fjo. 15, — Adiposo tissue. Highly magnified. 



d. Starlike apiKarance, from crystallisation of fatty acids. 


roots. The distribution of adipose tissue is not uniform ; in some parts it is in 
great abundance, as in the subcutaneous tissue, especially of the abdomen, around 
the kidne 3 rs, and in the mesentery and omentum. Lastly, fat dnters largely into 
the formation of the marrow of bones. 

Adipose tissue consists of fat-cells, lodged in the meshes of areolar tissue. Fat- 
cells (fig. J.5) vary in size, the average diameter being about 50/x ; each consists of an 
exceedingly delicate protoplasmic membrane, filled witJi fatty matter, which is 
liquid during life, but solidifies aftep death. They are round or spherical where 
they are not subjected to pressure ; otherwise they are more or less polygonal. 
A nucleus is always present under the cell-membrane and can be denionstrated 
by staining with hcematoxylin ; in the natural condition it is so compressed by the 
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contained oily matter as to be scarcely recognisable. The faf-cells arc held together 
mainly by the network of capillary blood-vessels which is distributed to them. 

Chemically the oily material 
Fig. 16 . — Duvelopmont of fab. is composed of olein, palinitia, 

(Klein and Noble Sinitli.) and stearin, which arc glycerol 

(‘sters of fatty acids. Sometimes 
fat-crystals form in the cells 
after death (fig. 15, a). By boiling 
the tissue in ether or stroiiL' 
- alcohol, the fat may be extracted 

fcj from the cells, leaving them empl y 

^ and shrunken. 

Fat first appears in the human 
embryo about the fourteenth week. 
The fat-eells are formed by the 
transformation of connective tissue 
cells. Small droplets of oil /ire 
formed in the protoplasm, and 
tlie.s(' coalesce to produce a larger 
drop, which increases until it 
dist(‘nds the cell, the remaining 
])rot()plasm and the nucleus being 
displaced towards the periphery 

(fig- 10)- 

White fibrous tissue is a true 
connecting striicture, and serves 
three purpos(‘S in the animal \Conomy. fn the form of ligaments it binds bones 
together ; in the form of tendons it connects ninscles witli bones or other structures ; 
it constitutes investing or ])rotccting membranes to variems organs. Examples of 
such membranes are to be hmnd in the junscnlar faseijv oj* sheaths, the pc'riosleuni, 
and the perichondrium ; the capsules of the variou-!; glands ; tlie investinir sheaths 
of the nerv('s (perineurium), and of various organs, as the penis and the eye. 

In white fibrous tissue, as its name imjdies, the. wJiite fibres (fig. 17) predomi- 
nate : the matrix is apparent only as a (ernent-substance, yellow ejastic fibres 



n. artery. r. Miuiiie vein. c. Capillary 

l)l<»0(i-ve«ispls 111 the f <nir.se of lonnation ; they ore not 
yet completely hollowed out, tJicre being still left m 
them protopliismie septa. </. 'Die ground-substauee, 
eoiituiuiuK minierous nucleiited tvllsi, some ot Mhieh are 
iimre distinetly braiir-hed and flattened than othera, and 
appear therefore more hpiiidlc-shnia^d. 


Fro. n.-- WJiite film’s, x 



Fi<i. 18.-- Tendon of u rat's tail, stained 
with gold chloride, showing chains 
of cells between the tendon-biindles. 
X 250 . 



are comparatively few, while the tissue-cells are arrang«»d in a special m^inner. It 
presents to the naked eye a silvery white glistening appearance ; it is devoid of 
elasticity, and has only the very slightest extensibility ; it is excee^ngly strong, 
so that upon the application of any external violence, a bone with which it is con- 
nected may fracture before the fibrous tissue gives way. * In ligaments and tendons 
the bundles of fibres run parallel with each other ; in membranes they intersect 
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one another. The cells found in white fibrous tissue are often called ‘ tendon-cells.* 
They are situated on the surfaces of groups of fibres, and are arranged in rows, 
e&ch cell being separated from its neighbours by a narrow line of cement-sub- 
stance. The nucleus is generally situated at one end of the cell, the nucleus of 
the adjoining cell being in close proximity to it (fig. 18). The tendon-cells have 

, Fio. 11). — Transverse section of a tendon ('f a nil:, x 120. 



wing -like processes which pass between the bundles of fibres, giving a stellate 
appearance in transverse section (fig. 19). When viewed from the side, tJic cell 
with its wings is quadi*angu!ar, and there may be the appearance of a vertical 
line on the. body of the c<'ll owing to the projection of a wing towards the eye of 
the obs(‘rv(y (fig. 18). Upon the addition of acetic acid white fibrous tissue swells 
up into a glassy -looking indistinguishable mass. When boiled in water it is con- 
verted almost completely into gelatin, the white fibres b(‘ing compos(‘d of coUarjen^ 
which is regarded as the anhydride of gelatin. 

Yellow elastic tissue.-- In certain parts of the body a tissue in found which is of 
a yellowish colour, and possessed of great elasticity, [t is capable of considerable 
extension, and when the ex- 
tending force is withdrawn 
returns at once to its original 
condition. This is yellow 
elastic tissue \ it may be re- 
garded as a connective tissue 
in which the yellow elastic 
fibres hav<» developed to the 
practical exclusion of tlie 
other elements. It is found 
in the ligamonta flava, in 
the vocal folds and conus 
elasticus of the larynx, in the 
mucous membrane of the 
tracliea and bronchi, in the 
walls of the pulmonary air- 
vesicles, in the coats of the 
blodfl;vessels, especially the 
larger arteries, and to a very considerable extent in the hyothyreoid and stylohyoid 
ligaments. It is also found in the ligamentum nuchro of the lower animals (fig. 20). 
Where the fibres are broad and large and the network close, the tissue presents 
the appearance bf a membrane, with gaps or perforations corresponding with the 
intervening spaces. This is found in the inner coat of the arteries, and to it the 
name of fenestrated membram has been given by Henle. Yellow elastic fibres 


Fig. 20. — LiganieDtum nuchie of the ox, stained 
with picrocarmine. x 280. 



fl. Longitudinal serfion. b. secfioii. 
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iremain unaltered by acetic acid ; chemically tliey are composed of the sclero- 

protein known as elaatin. i i n r u 

Mucous tissue exists in the ‘jelly of Wharton,’ which forms the bulk of the 
umbilical cord, but is also found in the foetus, chiefly as a stage in the developmTOt 
of connective tissue. It consists of a matrix, largely made up of mucin, in which 
are nucleated cells with branching and anastomosing processes (fig. 21). Few 
fibres are seen in typical mucous tissue, though at birth the umbilical, cord shows 
a considerable development of fibres. In the adult the vitreous body of the eye 
is a persistent form of mucous tissue, in which the fibres and cells are very few in 
number. 

Betifonu or reticular tissue (fig. 22) is found extensively in many parts of the 
body, constituting the framework of some organs and entering into the construc- 
tion of many mucous membranes. It is a variety of connective tissue, in which 
the intercellular or ground-substance is, in a great measure, replaced, by fluid. 
It is composed almost entirely of extremely fine bundles of white fibrous tissue, 

^ Fig. 21. — Mucous tissue from fcho umbilical cord of a human embryo of four months. 

• X 255. Stained with hematoxylin anil eosin. 



forming an intricate network, and chemically it yields gelatin on boiling. The fibres 
are covered and concealed in places by flattened branched connective tissue cells. 
In many situations the interstices of the network are filled with rounded lymph- 
corpuscles, and the tissue is then termed lymphoid or adenoid tissue. 

Basement membranes consist of thin sheets of modified connective tisane, and 
are found underlying layers of epithelial cells, for example, in mucous membranes 
and secreting glands. They may be formed of cells or of condensed ground-sub- 
stance. In the former case, flattened cells, which are modified connective tissue 
corpuscles, are united by their edges by means of cement-substance, which can be 
demonstrated by staining with silver nitrate ; if the cells are unbranched, the 
membrane is continuous ; if they are branched, the processes are united, and 
the membrane is fenestrated. The basement membrane underlying the epithelium 
on the anterior surface of the cornea is composed of ground -substance. 

Vessels and nerves of connective tissue.— The blood-vessels of connective^ tissue 
are very few— that is to say, few are supifiied to the tissue itself, although* many 
carr 3 ring blood to other structures may permeate one of its forms, the areolar tissue. 
In white fibrous tissue the blood-vessels usually run parallel to and between the 
longitudinal bundles, sending communicating "branches across the bundles ; in 
some forms, as in the periosteum and dura mater, they are fairly numerous. In 
? yellow elastic tissue, the blood-vessels also run between the fibres. Lymphatic 
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vessels are very numerous in most’ forms of connective tissue, especially in the 
areolar tissue beneath the skin and the mucous and serous surfaces. They arc alno 
found in abundance in the shcatlis of tendons, as well as in the tendons themselves. 

Fig. 22. — Retiform and adenoid tissue, from a l^niph gland, x 255. 


^ Ketiform lissuc 



Nerves are found in white fibrous tissue, where they end in a special manner ; but 
it is doubtful whether any nerves end in areolar tissue ; at all events, they have not 
yet been demonstrated, and the tissue is possessed of very little sensibility. 

Pignfent. — Pigment is found in 

Vifrious parts of the body ; most frc- Fio. 23. — Pigmcnt-cells from the chorioid 
quently in epithelial cells and in the coat of the eyeball, 

cells of connective tissue. Pigmented 
epithelial cells are present in the 
external layer of the retina, on the 
posterior surface of the iris, in the 
olfactory region of the nose, in the 
membranous labyrinth of the ear, in 
the deeper layers of the cuticle, and 
in the hairs. Pigment is abundantly 
present in the skin of the coloured 
races, but in the skin of white races it 
is well marked only in tlie areola? round 
the mammary papillae and in irregular 
coloured patches. Pigmented conriec- 
live tissue cells are frequently met 
with in the lower vertebrates. In 
man they are found in the chorioid 
coat of the ©ye (fig. 23), and in the 
iris of all but the light blue eyes and 
the albino. The cells are usually 
large and branched, and are filled with brown or black granules, consisting of 
meUinin. In the retina the processes of the cells extend between the rods and 
cones ; when the eye is exposed to light the pigment-granules extend into these 
processes, and under the influence of darknes.s they are withdrawn into the body 
of the cell. 
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The pigment-granules are of very small size and are closely packe 
cells, but do not invade the nuclei. Occasionally they arc yellow, an 
ring in the cells of the cuticle con-Stitute ‘ freckles.’ In th<' r^ina oTnnsnZ 

of pigment occurs, known as rhodopsin or visual purple, which is bleacne * p 
to light. 

Applied Anatomy . — Abnormal pigmentation of thu skin may be 
often takes the form of dark brown or black naovi (moles), scattered over a ^ 

smaller area of the body. Tt may also result from the prolonged 
drugs, particularly of salts of silver or arsenic, being most marked ^ 

exposed to the action of light. rrogr(‘ssive darkening or bronzing o ti,Upr. 

highly suggestive of Addison’s disease, which commonly follows destru • t • 

culosis of the suprarenal glands; it is then most obvious in regions ^ Viirmen^ 
normally pigmented or is subjected to pressure or irritation from the clothes. 
tatioTi is also associated with certain disorders of the skin, of the \ 

the thyreoid gland, and with the later stages of wasting diseases sn«h as caiicd and 
phthisis. Tt does not yield to any nn^dical tn-atment ns a rule. 


* Development of connective tissue.' Connective tissue is developed from fielLs 
of the mesoderm. These ccdls multiply and form a syncytium containing many 
nuclei. The ground-substance appears in spaces between the cells as an albuminous 
fluid. Later, granules are deposited in the uround-substance by the activity of the 
cells, and become fused to form the fibres of tht‘ ti'^^sue. 


CAKTJLAlilC 

Cartilage is a non-va.scular structure found in various parts of the body in 
the joints, parietes of the thorax, trachea, bronchi, nose, and ears. In tlie foetus. 

FjCt, 24.— (’artilagc cells in ilie costiil cariilnge vd a kitten, x J350. 


(\iriihujc-ccll confainnuj fat 





’ s s’ ' «iir * 

' w' 

at an early period, tJie greater part of the skeleton is cartilaginous ; as this cartilage 
is afterwards replaced by bone, it is called temporary, in contradistinction to that 
wliich remains unossified during the whole of life and is called per}naner4. 

Cartilage is divided, according to its minute structure, into hyaline cartilage, 
u'hiie fihrocarlilage, and ydlmv or elastic Jibrocartilage. Resides these varieties 
met with in the adult human subji'ct, there is a variety called cellular cartilage, 
formed entirely, or almost entirely, of c^lls, separated from each other bf their 
capsules only, which in this kind of cartilage are extremely well marked! Cellular 
cartilage is found in the external ears of rats, mice, and some other animals, and it 
also fijrms a stage in the development of cartilage in human embryonic life. 

Hyaline cartilage has ^ pearly bluish colour and consists of a gristly moss of 
a firm consistence, but of considerable elasticity. Except where it coats the articular 
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ends of bones, it is covered by a fibrous membrane, the perichondrium, from the 
vessels of which it imbibes its nutritive fluids, being itself destitute of blood-vessels. 
It contains no nerves. If a thin slice be examined under the microscope, it will 
b^. found to consist of cells of a rounded or bluntly angular form, lying in spaces 
in a granular or almost homogeneous matrix (fig. 24). The cells "are frequently 
arranged in groups of two or more, and, when this is the case, they have generally 
straight outlines where they are in contact with each other, but are rounded in the 
rest of their circumference. They consist of clear translucent protoplasm in which 
fine interlacing filaments and minute granules are sometimes present ; imbedded 
in the protoplasm are one or two round nuclei, having the usual intranuclear 
network. 

The matrix ks transpaient and apparently without structure, or else pn-sents 
a dimly granular appearance, like ground glass. The jjortion immediately snr* 
rounding each cell-space is often well defined, and is further characterised by 
its affinity for basic dyes. It is known as tlu? capsule of the space. The matrix 
of hyaline cartilage, and especially tliat of the articular variety, can be broken 
up mto fine fibrils after prolonged maceration. These fibrils are probably of tljje 
same nature, chemically, as the 
white fibres of connective tissue. 

It is b(jlieved by some histolo- 
gists that the matrix is per- 
meated by a number of fine 
channels, which connect the cell- 
spaces with each other and with 
the. lymphatics of the perichon- 
drium, and that in this w'ay 
nutrient fluid obtains access to 
tlio cartilage-cells. 

Articular cartilage, costal 
cartilage, and temporary carti- 
lage are all of the hyaline 
variety, but they present differ- 
ences in the siz<‘. shape, and 
urrangement of their cells. 

Articuhtr Cartilage (fig. 25) 
show's no tendency to ossifica- 
tion ; ils matrix is finely graiiu 
lar, and its cells are flattened 
and disposed parallel to the 
surface in the superficial j)art 
of the cartilage, while nearer to 
the bone they are oval and are arranged in vertical rows. It has a tendency to 
split in a vertical direction. Its free .surface is not covered by perichoudrium, 
but the synovial stratum of the articular cai)sule can be traced over a small part 
of its circumference, and here tlie cartilage-cells are more or less branched and 
pass insensibly into the branched connective tissue cells of the synovial stratum. 
It forms a thin layer upon tin* joint-surfaces of the bones, and its elasticity enables 
it to break the force of concussions, while its smoothne'^s affords ease and freedom 
of movement. It varies in thickness according to the shape of the articubar surface 
on which it lies ; where this is convex the cartilage is thickest at the centre, the 
reverse being tlie case on concave articular surfiices. It appears to derive its 
nutriment partly from the vessels of the synovial stratum of the joint -capsule 
and partly from those of the bone ujron which it is implanted. The. minute v(\ssels 
of the sp9ngy bone dilate and form arches as they approach the articular lamella, 
and then return into the substance of the bone. * 

In costal cartilage the cells and nuclei are large, and the matrix, wdiich is usually 
homogeneous and transparent, has a tendency to fibrous striation, especially in 
old age (fig. 26). In the thickest parts of the costal cartilages a few large vascular 
chsinncls may be detected. This appears, at first sight, to be an exc.eption to the 
statement that cartilage is non -vascular, but is not so really, for the vessels give 
no branches to. the cartilage itself, and the channels may rather be looked upon 
as involutions of the perichondrium. The xiphoid process of the sternum and 
the cartilages of the nose, larynx, and and corniculate 


Fir.. 25, — ^Vertical section of articular cartilage. 
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Cftrtilages of the larynx, which are conijiosed of elastic fibrocartilage) resemble 
the oostal cartilages in microscopical characteristics. The aT 3 rtfiBnoid cartilage 
of the larynx shows a transition from hyaline cartilage at its base to elastic cartilage 
at the apex. 

The hyaline cartilages, especially in adult and advanced life, are prone to calcify 
—that is to say, their matrix becomes permeated by calcium s^lts. Calcification 

occurs frequently in the costal carti- 


PiO. 26,— Costal cartilage from a man 
sevepty-six years of age, showing the 
development of iibrous structure in the 
matrix. In several portions of the speci- 
men two or three geiienitions of cells arc 
seen enclosed in a parent cclJ-wall. Highly 
magnified. 


lages, and in the cartilages of the 
trachea, and may bo succeeded by 
ossification. 

White fibrocartilage ‘ consists of 
fibrous connective tissue arranged in 
bundles, with cartilage-cells between 
the bundles ; the cells are roughly 
ovoid in shape, and ^re sifrrounded 
by concentrically striated areas of 
cartilage-matrix (fig. 27). The white 
fibrocartilages admit of arrangeiuent 
into four groups — interarticular, con- 
necting, circumferential, and strati- 
form. 

1. Tlie interarticular jibrocartilagcs 
Uyienisci) are flattened fibrocartilagi- 
nous plates, of a round, oval, tri- 
angular, or sickle-like form, intcr- 
jMJsed between the articular cartilages 
of certain joints ; the synovial 
stratum of Ihe articular capsule 
covers their free surfaces. They 
are found in the temporomandibular, 
st<'rnoclavicular, acromioclavicular, 
wrist- and knee-joints. Their uses are to obliterate the intervals between opposed 
surfaces in their various motions ; to increase the cleptlis of the articular surfaces 
and give ease to the gliding inovenients : they also increase the varieties of move- 
ment in a joint. " • 

2. The connecting jibrocartihges are interposed between the bony surfaces of 
those joints which admit of only slight mobility, as between the bodies ^of the 
vertebice. They form discs which are closely adherent to the opposed surfaces. 



Fia. 27. — White fibrocartilage from an inter vertebral fibrocartilage. 



Each disc is composed of concentric layers of fibrous tissue, with cartilaginous 
lanrinro ijiterposed, the former tissue predominating towards the circumference, the 
latter toward the centre, • 

3. The circumferential fibrocartilages consist of rims of fibrocartilage, which 
surround the margins of some of the articular cavities, e.g. the glenoidal labrum 
of the hip-joint and that of the shoulder-joint ; they serve to deepen the articular 
cavities and to protect their edges. 
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4. The stratiform fibrocartitages form thin coatings to osseous grooves tluoutili 
which the tendons of certain muscles glide. ^ 

Small masses of fibrocartilage are also developed in the tendons of some museles, 
where they glide over bones, as 


Fro. 28 .- 


in. the tendons of the Peronssus 
longufi and Tibialis posterior. 

Tellow or elastic fibrocartilage 

is found in the ears, the corni- 
culate cartilages of the larynx, 
and the epiglottis. It consists 
of cartilage-cells and a matrix, 
the latter being pervaded by a 
network of yellow elastic fibres, 
branching and anastomosing in 
all directions, except immedi- 
ately around’ the cells, where 
there is a variable amount of 
hyaline substance (fig. 28). The 
fibres resemble those of yellow 
elastic tissue, not only in appear- 
ance, and in being nnaffected 
by acetic acid, but also in their 
affinity for orcein ; according to 
Rolleit their continuity with the 
elastic fibres of the neighbouring 
tissue; i.s demonstrable. 

The distinguishing feature of 
cartilage, chemically, is that it 
yields on boiling a substance 
called choiidrin, a mixture of gelatin with 
which is a compound termed chondromv<ioiil. 


■Yellow or eJarstic fibrocartilage froin 
epiglottis of a cat. 250. 



CttrfifatjL't'c/i 


vuitn 

WHoir 
fi hrr:!i 


ijuicinoid sjiiUstauces ohit*f iiiuouij 


BONE 

Structure and physical properties.-* -Botlo is one of the hardest structures of 
the adimal body ; it possesses also a certain degree of toughness and elasticity. 
Its colour, in a fresh state, is pinkish white externally, and deep r(id within. On 
e.xa mining a section of a hone, it is seen to be cojnjx)Sf'd of two kinds of tissue, 
one of which is dense in texture, like ivory, and is termed substantia compacta ; 
the other consists of slender fibres and lamelte, which join to form a reticular 
structure ; this is called substantia spongiosa or, from its resemblance to lattict^ work, 
cancellous tissue. The compact substance is always placed on the extcri<ir of the 
bone, the spoiig)’’ in the interior. The relative quantities of these vary in dilTerent 
bones and in different i)arts of the same bone, according as strength or lightness 
is requisite. Close examination of the compact substance show.s it to bo extremely 
porous, so that the difference between it and the spongy substance depends merely 
upon the relative amount of solid matter and the size and number of spaces in (;ach ; 
in the compact substance the spaces are small and the solid matter abundant, 
while in the spongy substance the spaces are large and the solid matter small ui 
quantity. 

During life, bone is permeated by vessels, and enclosed, e.xcept wluirc it is coated 
with articular cartilage, in a fibrous membrane, the jieriosteuni, by means of which 
many of these vessels reach the bone. If the periosteum be stripped from the 
surface of the living bone, small bleeding points are seen whiclumark the entrance 
of the periosteal vessels ; and on section every part of the bone exudes blood from 
the minute vessels which ramify in it. In the interior of the long bones of thii 
limbs is a cylindrical cavity {cavum mediiUare) filled with medulla ossium or morrow, 
and lined Dy a highly vascular areolar structure, called the medullary membrane 
or internal periosteum. 

The periosteum adheres to the surface of the bones in nearly every part, but 
not to the cartilage covering their articular surfaces. When strong tendons or 
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li^mente are attached to a bone, the periosteum 1 b incorporated with them. It 
consists of two layers closely united together, the outer formed chiefly o* 
fibrous tissue, containing occasionally a few fat-cells ; the inner, of elastic bbres ot 
the finer kind, forming dense membranous networks, which can be again separate** 
into several layers. In young hones the periosteum is thick and very vasculaj; 
Md is intimately connected at either end of the bone with the epiphyiual cartilage, 
hut less closely with the body of the bone, from which it is separated by a lay^ of 
soft tissue, containing a number of granular corpuscles or osteobla^s, by which 
ossification proceeds on the exterior of the young boue. Later in life the periosteum 
is thinner and less vascular, and the osteoblasts are converted into an epi^elioid 
layer on its deep surface. The periosteum servos as a nidus for the rannfication 
of the vessels previous to their distribution in the bone ; hence the liability of 
bone to exfoliation or necrosis when denuded of this membrane by injury or disease. 
Kne nerves and lymphatics, which generally accompany the arteries, may also 
be demonstrated in the periosteum. , . . • . , 

The medulla ossium or marrow not only fills up the cylindiical oavities in the 
bodies of the long hones, but also occupies the spaces of the cancellous tissue and 


Fio. 29. — Transverse section f»f the cf)ttiprtct snbstaiicf of bone. 
Magnified. (Slmrpe\.) 



extends into the larger Haversian canals. It differs in composition in difieront 
bones. In the bodies of the long bones the marrow is of a ydlow colour {medulla 
ossium flava)y and consists of a basis of connective tissue supporting numerous 
blood-vessels and cells, most of which ,are fat-cells, but some are ' marrow-cells/ 
such as Occur in the red marrow. In the flat and short bones, in the articular ends 
of the long bones, in the bodies of the vertebrae, in the cranial diploe, and in the 
sternum and ribs, the marrow is of a red colour (medulla ossiim ridyra ) ; it consists 
of marrow'-cells, red and white blood-coqmscles, giant-cells, and a few fat-cefls, all 
supported by a reticulum of connective ti.ssue. In post-natal life the red marrow is 
the chief seat of formation of the corimscles of the blood, and it will therefore be 
described more fully in that connexion (p. 28). 

Vessels and nerves of bone, —The blood-vessels of bone are very numerous. Tliose 
of the compact substance are derived from a close network of vessels in thfi perios- 
teum. Vessels pass from this network into the minute orifices in the compact 
substance, and rim in the Haversian canals whicli traveise it. The spongy sub- 
stance is supplied in a similar way by larger vessels, which perforate the outer 
compact substance, and are distributed to the cavities of the spongy portion of 
the bone. In the long bones, numerous apertures may be seen at the ends near 
the articular surfaces ; some of these give passage to arteries ; but the greater 
number transmit veins from the spongy substance. The marrow af a long bone 
is supplied by an artery which enters the bone at the nutrient foramen (foramen 
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mdficium). The nuirietit artery, usually accompanied by one or two veins, sends 
branches upwards and downwards, which ramify in the medullary membrane, and 
give twigs to the adjoining Haversian canals. The ramifications of this vessel 
aiijistomose with the arteries of the spongy and compact substances. In most 
of the flat, and in many of the short bones there are one or more larg(5 apertures 
for the transmissipn of nutrient vessels. Veins emerge from the long bones as 
follows : — (1) one or two accompany the nutrient artery ; (2) numerous large and 
small veins emerge near the articular extremities ; (3) many small veins pass out 
of the compact substance. In the flat cranial bones the veins are large and run 
in tortuous canals in the diploic tissue, the walls of the canals being formed by thin 
lamellae of bone, perforated here and there for the passage of branches from the 
adjacent diploe. The same condition is found in all spongy substance, the veins 
being enclosed and supported by osseous material, and having exceedingly thin 
. coats. When a bone is divided, the vessels remain open, and do not contract in 
the canafs in which they are contained. Lympluitic vessek, which communicate 
with those in the periosteum, are found in the Haversian canals. Nerves are dis- 
tributed freely to the periosteum, and accompany the nutrient arteries into t^c 
interior of the bone. They are said to be most numerous in the articular extremiti(\s 
of the long bones, in the vertebrae, and in the larger flat bones. 

M^ute anatomy.- -If a thin transverse section of dense bone be examined with 
a low power of the microsoo].>e it will be seen to be' mapped out into a 
number of circular districts, each consisting of a central hole surrounded ])y a 
]iuniber of concentric rings. These districts 
are termed Haversian systems ; the central 
hole is a Haversian canal, and the rings 
are lamellw of bony tissue arranged 
coneentrically around the central canal. 

Between these lamellae are a number of 
small spaces termed hicunce, which are 
connected with each other and with the 
central Haversian canal by many fine 
radiating channels called canalictui. Filling 
in the irregular intervals between the.s<» 
circular districts are inlersiUial lamella), 
with their fticunce and canaliculi, nmniiig in 
varioUvS directions, but more or less curved 
(fig. 29)V Again, other lamellse, found on 
tlie surface of the bone, are arranged 
parallel to its circumferonce ; they are 
termed circumferential or primary lamellas 
to distinguish tliem from those surrounding 
the Haversian canals, which are termed 
secondary lamelliu. 

In a longitudinal section it will be seen 
that the Haversian canals run parallel with 
the long axis of the bone for a short distance 
and then branch and communicat<i (tig. 30). 

They vary considerably in size, but their 
average* diameter is about 0*05 mm. The 
canals near the medullary cavity are larger 
than those near the surface of the bone. 

Each canal usually contains a minute 
artery and vein, a small quantity of delicate 
connective^tissue, and some nerve-filaments ; 
in the larger ones there are also lymphatic vessels, and cells* with branching 
processes. 

The lamellw are thin plates of bony tissue. They may l)e stripped oil as thin 
films ffom^a piece of bone which has been macerated in dilute mineral acid. *Tf 
one of these films be examined with a high powder of the microscope, it will be found 
to be composed of fine fibres identical with those of white connective tissue. The 
matrix between, the fibres is impregnated with lime -salts which the acid dis- 
solves. The fibres of one lamella are connected by branches with those of 
adjacent lamellse. Moreover, the fibres of one lamella usually form an acute 


Fio. 30. — Section parallel to tlio 
frtC(* from the hotly cjf the {(‘iniir. 
X 100. 



11. IlaverHirtii "jinaN. ft. Iiat;un»c setMi from tho 
side. r. Others seen from the stirfato in 
lamellie which on* cut horizontally. 
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angle with those of the coiitiguouB layer ; in the Haversian systems, however, 
the fibres of adjacent lamellae run at right angles to each other. In inany places the 
various lamellae are held together by tapering fibres, which run obliquely through 
them, pinning or bolting them together ; these fibres were first described ^by 
Sharpey, and were named by him perforaiitig fibres (fig. 31). 


Fig. 31. — Perforating fibres: human parit‘,tal bone, dcealcificd. {H. ^Tiiller.) (From 
Quail! ’s Rlomonts of Anatoniy. vol. i.. NTifrom'opie Anatomy.) 





a. IV‘rf«»ratinK lilires hi !>i(» ; b Kibr b drawn out of tjieir p(j 


The laciinw are obhnig spaces situated between the laniollas and eacli lacuna 
is occupied during life b)’ a bvanclied hour-ccU (fig. 32), tlie process(‘S from which 
extend into the canaliculi. 

The canaliculi arc minute clianmds, crossing tlio lamella) and connecting the 
lacunoe of a Haversian system with one another, ajid witli the Ha\ersian canal. 
The canaliculi at the periphery of a Haversian system do not as a rule conmninicate 

with tlioso of neighbouring sfsteins, but 
form loo]).s and return to their own lacuna*. 
Thus every part of a JIaversiaif systinu 
is su])])licd with nutrient (luids derived 
fioju the vessels in the Haversian canal 
and distributed tlirongh thi* canaliculi and 
lac lime. 


Fig. 32. — Nucleated bop' -cells and 
their ' 2 )roccsses, contained in tht* 
bono-lacunso and their canaliculi 
spcctively. From a .sec-lion through 
the vertebra of an adult inous<'. 
(Klein and Noble Sinitli.l 


The bohc~celU occupy, but do not fill, the 
lacuna*. They an* flattened nucleated 
branched cells, homologous with the 
lamellar cells of connective tissue ; their 
branches pass into the canaliculi. 

In tliin plates of bone Haversian canals 
are absent. 

Chemical composition. Bone consists of 
an animal ajid an eartliy part intimately 
combined togetlier. 

The animal pait may be obtained ])y 
immersing a bone for a' considerable time 
in dilute mineral acid, which wjll dissolve 
the mineral matter. The bone retains 
Its shape, but is now pei'fectly flexible, so that a long bone (one of the ribs for 
example) can ea.sily be tied in a knot. In a transvei-se section of such a softened 
bone (fig. 33), the arrangement of the Haversian canals, lamellae, lacunfe and 
canaliculi can be recognised. 

The earthy part may be obtained by calcination, which destroys the animal 
matter. The bone retains its original form, but is white and .brittle, has lost 
about one-third of its original weight, and crumbles under the sligh^st force 
The earthy matter, composed chiefly of calcium ])h(!si)hate, forms about 66*7 per 




BONE 


21 


cent, of the weight of the hone ; it confers on bone its hardness .and rigidity, 
while the animal matter {ossein) determines its resiliency and tenacity. 

, Ji’iG. 33. — Transverse section of tlie body of a limnan fibula, decalcified, x 2r>(). 



Ossification. — Some bones, such as those of the roof and sides of the skull, are 
preceded by membrane, but most bones are prec(Mled by rods or masses of 
cartilage. Hence two kinds of ossification are described ; the intrainembranous 
and the intmcartilaginous, 

Intramembranous ossification. — The membrane wliich occupies the place of 
the future bone is of the nature of connective tissue, and ultimately forms the 


Fio. 31. — Part of the growing edge of the developing parietal bone of a fcrtal cat. 
* (£\fter J. Lawrence.) 



j)€riosfeum ; it is composed of fibres and granular cells in a matrix richly supplied 
with blood-vessels. The peripheral portion is more fibrous, while in the central 
portion the cells or osteoblasts predominate. At the outset of the process of bone 
formation a little network of fibres radiates from the centre of ossification. These 
rays consist at their growing points of a network of fine clear fibres and granular 
corpuscles with an intervening ground-substance (fig. 34). The fibres are termed 
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osieogen$tic fibres, and differ little from those of white fibrous tissue. The membrane 
assumes a dark and granular appearance from the defwsition of calcareous granules 
in the matrix between the fibres, and in the calcified material some of the granulai 
cells or osteoblasts are enclosed. By the fusion of the calcareous granules the 
tissue again assumes a more transparent appearance, but the fibres are no longer 
so dfistinctly seen. The osteoblasts form the bone-cells of the future bone, the 
spaces in which they are enclosed constituting the lacunae. As this process advances, 
a network of bone is formed, the meshes of which contain tlie blood-vessels and a 

delicatii connective tissue crowded 


Flo. 35. — Section o{ a fa*.tal bone of a cat. 
(From Qnain’s Anatomy.) 


with osteoblasts. The bony trabe- 
culae thicken by the addition of fresh 
layers formed" by the osteoblasts 
on their surface, and the meshes 
are corvespoudingly encroached 
upon. Subsequently tile bone 
increases in thickness by the depo- 
sition of successive lay<u*s under the 
periosteum and round the larger 
vascular channels which beconu^ 
the Haversian canals. 

Intracartilaginous ossification 
Most of the bones are ossified in 
cartilage. In a long bone, which 
may be taken as an example, the 
process commences in the centre 
and proceeds towards the extronii- 
ties, which for some tinie remain 
cartilagimuis. »Subsequently a 
similar process commences at one 
or more centres in the extremities, 
and gradually extends through 
them. I’he ossified extremities do 
not, however, fuse with the body 
of the bone until growth has 
ceased ; between the ^body and 
either extremity a ])late of carti- 
lage teniK^d the epiphysial •jatiilaye 
persists for a time. 

At the centre of ossijiccUion, or 
point where the ossifying process 
liegius, the cartilage-cells multiply 
and enlarge and arrange themselves 
in rows (fig. 35). The 'matrix in 
which they are imbedded inenjases 
in quantity, so that the colls are 
further separated from each other. 

A deposit of calcareous material 
now takes place in this matrix, so 
that it presents a granulhr and 
opaque appearance. The cartilage- 
cells are enclosed in oblong cavities, the walls of which are formed of calcified 
matrix which cuts off all nutrition from the cells ; the cells, in consequence, atrophy, 
leaving spaces called the primary areolce, 

Wliile this process is going on in the centre of the bar of cartilage, certain changes 
are taking place its surface. This is covered by a very vascular membrane, the 
perichofidrium, formed of connective tissue similar to that already described as 
constituting the basis of membrane-bone ; on the inner surface of this— that is to 
say, on the surface in contact with the cartilage— are gathered the formative cells, 
the osteoblasts. By the a.gency of these cells a thin layer of bony tissue is laid down, 
between the perichondrium and the cartilage, by the hUTamembranoits mode of 
ossification just described. There are then, in this first stage, two^processes going 
on simultaneously : in the centre of the cartilage the formation of a number of 
oblong spaces, bounded by calcified matrix and containing the withered cartilage- 



im. Subperiosteul bony deposit. 

aubijenosteal tissue, o. Lu^'cr of osteoblasts. 


rous layer of the periosteum. 


ir. Trrupf4oii of the 
p. Pib- 




BONE 


23 


cells, and on the surface of the cartilage the formation of a layer of true membra ue- 
bone. The second stage consists in the prolongation into the. cartilage of processes 
X)t the deeper or osteogcnetic layer of the perichondrium (now periosteum) (tig. 35, ir). 
The processes consist of blood-vessels and cells — osteoblasts, or bone -formers, ami 
osteoclasts, or bone-destroyers. The latter are large, multiuucleated protopUsini<- 
masses, and they excavate passages through the new-formed bony layer by absorp- 
tion, and pass through it into the calcified matrix (fig. 3p). Wherever these pro- 
cesses of the osteogenetic layer come in contact with the calcified walls of the 
primary areolae they absorb them, and thus cause a fusion of the original cavities 
and the formation of larger spaces, wliich are termed the secondary areolw or }noduJr 
lary spaces. These secondary spaces are 

filled with embryonic marrow, consisting of Fio. 36 .— Part of n longitudinal s(m>. 
osteoblasts and vessels, derived, in tlu; tion of tho developing fumur of a 

manner* described above, from the osteo- rabbit. (Klein aud Noble Smith.) 

genetic layer of the periosteum (fig. 36). 

The walls of the secondary areolse 
increase in thickness by the deposition of 
layers of bone on their surface. This 
process takes place in the following manner. 

Soinfi of the osteoblasts of the embryonic 
marrow, after undergoing rapid division, 
arrange themselves as a layer on the surface 
of the wall of the space (fig. 36). This 
layer of osteoblasts forms a bony stratum, 
which gradually covers the wall of the 
space and in which some of the osteoblasts 
arc included as bone cells. The next stage 
in the process consists in the removal of 
these primary bone spicules by the osteo- 
clasts, one of which may be seen lying in a 
Howship’s foveola at the free end of eacli 
spicule (fig. 37). Tho removal of the jnirnary 
sinculcs goes on pari 2 )assu with the forma- 
tion of permanent bone by the periosteum, 
and in this way the medullary cavity of the 
bone is formed. 

This series of changes proceeds gradually 
towards the ends of the bone, so that all tho 
changes described above may be seen in 
different parts, from the true bone at the 
centre of the body to the hyaline cartilage at 
tho extremities. 

While the ossification of the cartilaginous 
body is extending towards the articular ends, 
the cartilage immediately in advance of the 
osseous tissue continues to grow until the 
length of the adult bone is reached. riattcueci iartii{«e-ceiis. b. liniargtii 

The articular end remains for some time Osteoblasts. /. Giant-ceiis or osteoclasts, 
cartilaginous, and then one or more bony h. Shnmken cartiiage-ceiis. 

centres, or epiphyses, appear, and initiate 

in it the process of ossification ; but the extremity remains separated from the 
body of the bone by a narrow cartilaginous layer, the epiphysuil cartilaye, for a 
definite time. This cartilage ultimately ossifies, and the bone assumes its com- 
pleted form and shape. The same remark applies to such processes of bone as arc 
ossified from separate epiphyses, e.g. the trochanters of the feinto. Bones increase 
in length by ossification continuing to extend into the epiphysial cartilage, which 
goes^on growing in advance of the ossifying process. They increase in circum- 
ference by deposition of new bone, from the deep layer of the periosteum, on their 
external surfaces, and at the same time an absorption takes place from within, 
by which the medullary cavities are increased. 

The permanent bone formed by the periosteum when first laid down is spongy 
in structure. Later the osteoblasts contained in its spaces form the concentric 
layers characteristic of the Haversian systems, and are included as bone-cells. 
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The uumbci of ossihc centres varies in different bones. Most of the short 
bones are ossified from a single centre. In the long bones there is a primary centre 
for the body, or diaphysis ; and one or more secondary centres, or epiphyses, for' 
each extremity. That for the body is the first to appear. The times of union of the 
epiphyses with the body vary inversely with the dates at which their ossifications 

FlCf. il7. — Obtcoblu^'ts aucl ustroclasts in tlio dfwloping fcujiir of a kitten, x 1^50. 
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begin (with the exception of the fibula) and regulate the dircH-tiou of tlie nutrient 
arteries of the bones. Thus, the nutrient arteries of the bones of the arm and 
forearm are directed towards the elbow, since the epiphyses at this joint become 
united with the bodies of the bones before those at the opposite extremities. In 
the lower limb^ on the contrary, the nutrient arteries are directed away from the 
knee ; that is, upwards in the femur, downwards in the tibia and fibula ; and in 
them it is observed that the epiphyses at the upper end of the femur, and those at 
the lower ends of the tibia and fibula, unite first with the bodies. Where there is only 
one epiphysis, the nutrient artery is directed towards the other end of tho bt)no. 

Parsons* gi’oups epiphyses under three headings, viz. (1) pressure epiphyses, 
appearing at the articular ends of the bones and transmitting ' the w'eight^of the 
body from bone to bone ’ ; (2) tractim epiphyses, associated with the insertion 
of muscles and ^ originally sesamoid structures though not necessarily sesamoid 
bones ’ ; and (3) atavistic epiphyses, representing parts of the skeleton which at 
one time formed separate boiuis, but which have lost their function ^ and only 
appear as separate ossifications in early life.’ 

The descriijtion here given of the development and growth of bone is in accordance 
with the generally accepted view. Macewen f has, however, given another account. 
He asserts that the osteoblasts are produced by division of the nuclei of the cartilage- 
cells, and that bone-formation is brought about by these cells, the periosteum 
taking no part in the process. He concludes that the function of the periosteum in 
the development of bone is mechanical, and is confiiu*d to limiting the degree of 
gro^h and deciding its direction. 

Applied Anatomy . — It has been stated above that the bones increase firstly in length 
by ossification continuing to extend in the epiphysial cartilage, which goes on growing 
in advance of the ossifying process; and secondly in circAiinfereneu by deposition of new 
bone from the deeper layer of tlie periosteum, on the external surface. 

A careful study of osseous dovclopTncnt is of the very greatest utility in the proper 
\inder8tanding of bone disease; and, moreover, an aeciirate knowledge of the bldbd-supply 
of a long bone has Vso many important bearings. The outer portion of the compact 
tissue being supplied by periosteal vessels which reach the bone through muscular attach- 
ments, it follows that where the muscular structures are well developed, and therefore 
amply supplied with blood, the periosteum will also be well nourished and the bones 
proportionately well developed in girth; this is w'ell seen in strong muscular men with 
well-marked ridges on the l>ones. Conversely, if the njusoular development be poor, the 
bones are correspondingly thin and light, and if from any cause a limb has been paralyzed 

* Journal of Amtomy and Physiohffy, vuls. xxxviii., xxxix., and xlii. 

I' The (frowth of hone, by Sir William Maoewen. 
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from early childhood, the whole of the bones of that extremity nre remarkable for th.nr 
extreme thinness — that is to say, the periosteal blood sux)ply has been insiilhcient to 
nourish that membrane, and consequently very little frcdh osseous tissue has been added 
to’ the bones from the outside. 

The best example of this condition is seen in connexion with the disease known ms 
wfantile paralysis, where a limb becomes parahzcd at a very early period of childhood, 
where the muscles become flaccid and atonic, and where the blood-supply is in eonsetpience 
very greatly diminished. In sucli cases, although the limb does continue to grow in 
length from the epiphysial lines, its length is considerably less than on the normal side, 
owing to the imperfect nutrition; but the most striking feature abemt all the long bc.nes 
of the limb is their remarkable tenuity, little or no addition having been made to their 
circumferences. 

In cases w'hcre the periosteum has been separated from the compact tissue by exten- 
sive injury or inflammatory exudation, necrosis or death uf the underlying portion of 
bone takes place owing to its blood-supply having been cut off, and tlio dead portion 
sequestrum has to bo separated. 

Qascs, "liowevcr, occur where the inflammatory process affects the whole or a great 
portion of the diaphysis of a long bone ; here extensive death of the affoi^ted portion 
takes place, and the condition goes by the name of acute infective periostitis. Where this 
occiirs the body of the bone dies very rapidly, especially if the single nutrient artery 
thrombosed at th(j same time. The pus which has formed bcncatli the periosteum is si-t 
free by timely incision, or bursts on the surface; the periosteum tlc*n falls back on the 
necrosed diaphysis and rapidly forms a layer of now periosteal bone, surrounding the 
sequestrum. This layer is called the involucrmn, and the openings in it througb which 
the pus escapes the doacce. When the inflammatory process affects mainly the medullary 
canal, the condition is spoken of as osteomyelitis, and the two condition s'vcry frequently 
coexist, and then go by the name of acute infective necrosis of bone or acute (Uaphysitis. 
When the medullary cavity is filled with piis, septic thrombosis of the veins in tlu? 
Haversian canals takes place, and there is a very great danger of soplic emboli being dis- 
placed and carried into the general circulation, thus setting up a fatal pyeemia. In fai t, 
pyflpmia is more frequently (lue to septic bone conditions than to any ocher cause. 

In pre-antiseptic days, pyaemia frequently resulted from amputations, whuio the 
medullary canal of a long bone was opened by the saw cut. Osteomyelitis tTisu(?d, 
and if the patient survived, a tubular sequestrum of the divided shaft subsecpiently 
separated. 

A proper knowledge of the epqfliyses is of tihe utmost possible importamje, and groiUly 
simplifies many of the problems in the pathology of bone disease. 

Speaking generally, the long bones have at either end an epiphysis from the cartilagt^ 
of which gi;pwth occurs, mid hence the body t>f the bone increases in length from both 
ends. In every case, however, one epiphysis is the more active, and also continues in its 
activity for a longer time. 'J’his actively growing epiphysis is always the one from which 
the nutrfont foramen in the diaphysis points, and it unites to tlu* diaphysis at a later date. 
It follows, therefore, that the increase in length of a bone is largely d(ipcnd(?nt on this 
epiphysis, and hence anything which interferes with the growth from this epiphysial line 
at any time prior to the union of the epiphysis wdth the diaphysis must result in a cessation 
c.)f growth in length of that bone. Thus wdien dealing with disease in the neighbourhood 
of this actively growing epiphysis very great care should be taken not to excise or destroy 
its lino of union with the diaphysis. These epiphyses are particularly prone to become 
the seat of tuberculous disease, which tends to attack especially the soft, highly vascular 
cancellous tissue. 

Again, the actively growing epiphysial plate is the, portion of a long bone whicli is 
in the vast majority of cases affected by tumour growth in bom*, whether it be innocent 
or malignant, the former (e.g. osteoma j usually appearing about puberty, and the latter 
(e.g. sarcoma) usually towards the end of the active period of epipliysial growth. 

Epif)hysial growth, moreover, has to be considered by the surgeon wdicn he is about to 
amputate* in a child. If the amputation is being performed through a bone, the actively 
growing epiphysis of whicli is at the upper end fe.g. humerus and tibia), and which will 
continue to grow for several years, it will be necessary to make allowance for this and 
to cut the flaps long; as otherwise, owing to continued growth, the sawn end of the bone 
wall ultimately project through the stump, and result in a condition known as ‘ conical 
stump,' This requires removal of a further portion of the bone. 

Premature synostosis or ossification at the epiphyses of the long bones, bringing to an 
end the process by which they normally increase in lengtli, is ofie of the causes of 
dwarfism. Persons in whom this has occurred will have the head and trunk of normal 
size, but the legs and arms disproportionately short though often very stout and strong. 

An inflammatory condition termed ftente epiphysitis also occurs, altbougli it is'not 
so frequent as the acute infective- conditions or the diaphysis, owing In the freer blood- 
supply of the epiphysis ; in late years it has been shown that acute epiphysitis in children 
is very frequently the result of a pneumococcal infection, and it may pass on to complete 
separation of tho epiphysis. In this connexion it is worthy of note that some of the 
epiphysial lines lie entirely within the capsules of their corresponding joints, in other casc*s 
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entirely without the capsules; and it must follow that in the {ovrnor case the epiphysial 
^soase, acute or chronic, becomes, ipso facto , practically synonymous with disease of that 
joint. The best examples of intraurticular epiphyses are those for the liead of the fempr 
and lioad of the humerus, and the vast majority of all cases of tuberculous disease of the 
hip staii; as a tuberculous epiphysitis about the iutraarticular epiphysial plate of *the 
femur; again, cases of ac-ute septic arthritis of the shoulder- or hip-joints generally hav(3 
their origins in these intraarticular epipliysial lines, and often result in separation of the 
affected epiphysis. Those of the other class, or extraarticular epiphyses, when diseased, 
do not tend to involve the neighbouring joint so readily; and it should be the surgeon’s 
duty to keep the disease from involving the joint, tor (‘xample, the trochanteric epi- 
physis of the femur is (‘xtraarticular as regards the liip-joint, and the epipliysial line of 
the head of the tibia is well below the level of the knee-joint, and should a chronic tuber- 
culous abscess form in the latter situation, it should be attacked from thti outside before it 
has time to spread up and involve the cartilage of the head of the tibia. It is therefore of 
great surgical interest to note in every casi'. the relations which the various epiphysial 
lines bear to their respective joint capsules. 

A knowledge of the exact periods when the epiph.>^es become joined to the shaft is 
often of great importance in medico-legal inquiries. It also aids the surgeon in tlie diag- 
nosis of malty of the injuries to which tlus jrnnts are liable ; for it not infrequently happens 
that, on the application of scivere force to a joint, the I'piphysis becomes sejjarated from 
the diupbysis, and such injuries may be mistaken lor fracture or dislocation. Examina- 
tion with the x-rays is naturally of the greatest scrvict* in dt^cidiug wliether epiph vses have 
or have not united, and whether they have been cracked or displaced by injury. « 


THE CIRCULATING FI^UIDS 
The circulating fluids of tlic l)ody are the blood and the lymph. 


Bloou 


The blood is an opaque, rather viscid fluid, of a bright rod or scarlet colour 
when it flows froin the arteries, of a dark red or purple colour when it flows from 
the veins. It is salt to the taste, and li«as a pecnlia]- faint odour and an alkaline 
reaction. Its specific gravity is about I 059. ainl its tmuperature is generally a])out 
• 37^ C., though varyiflg slightlv 
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in different parts of the body. 

If a thin film of Mood 
examined under the microscope 
it is seen to consist of a faintly 
yellow fluid, the plasma or liquor 
sanfjuinis, in which are suspended 
numerous minute particles, the 
blood-corp uscles. 

The blood-corpuscles are of 
three kinds : (1 ) coloured cor- 

puscles or erythrocytes, (2) colour- 
less corpuscles or leucocytes, (3) 
blood-platelets. ^ 

1. Coloured or red ooi^uscles 
{erythrocytes) arc circular discs, 
biconcave in x^rofile. The disc 
has no nucleus, but, in consequence 
of its biconcave shai>e, it presents, 
when seen on the flat, jai central 
area which, when the more pro- 
minent peripheral zone of the 
corpuscle is in focus, appears dark, and so simulates a nucleus (fig. 38, a). The 
corpuscles vary slightly in size even in the same drop of blood, but thj average 
diameter of each is about 7 '5/^, and the thickness about 2 / 1 . Besides these there 
are certain smaller corpuscles of about one-half of the size just indicated ; these 
are termed microcytes, and are very scarce in normal blood ; in diseased conditions 
(e.g. anaemia), however, they arc more numerous. It is to the aggregation of 
the red corpuscles that the blood owes its red hue, although when examined by 
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a. Seen from the Hurfacc. b. Seen In profile, c. Forming ruulcttiix 
d. tendered crenate by salt solution. 
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transmitted light their colour appears to be only a faint reddish yellow. Tliu 
number of red corpuscles in a cubic millimetre of blood is about 5.0Ui.),(.K.)t> in a iiLin, 
s^nd 4,500,000 in a woman. PoAver states that the red corpuscles of an adult would 
present an aggregate surface of about 3,000 square yards. 

* If the web of a living frog’s foot be spread out and examined under the niu ro- 
scope, the blood is seen to flow in a continuous stream through the vessels, and the 
corpuscles show no tendency to adhere to each other or to the wall of the ve^si*!. 
Doubtless the same is the ca-se in the human body ; but when human blood is drawn 
and examined on a slide, tlie corpuscles tend to collect into heaps like rouleaux 
of coins (fig. 38, c). During life the red corpuscles may bo seen to change their 
shape under pressure so as to adapt themselves, to some extent, to the size of the 
vessel. They are, however, highly elastic, and speedily recover their shape w'hen 
the pressure is removed. They are readily influenced by the medium in which 
they are placed. In 0*9 per cent, sodium chloride solution, which is isotonic with 
human blood-plasma, they are unaltered in shape. In hypotonic solutions they 
swell up and become globular owing to the x>assage of water from the surrounding 

Fio. 39. — lliirnan bone-marrow. Highly magnified. * 


X or /ft oblast with dividing nucleus 



medium into the corpuscle (endosmosis). In hypertonic solutions, e.g. 2 ])er cent, 
sodium chloride, water i^asses in the reverse direction (exosmosia) and the corpusedo 
shrinks and becomes crenated in appearance (fig. 38, rf). The surface layer of the 
erythrocyte thus behaves as a membrane which is permeable to water, but not 
to salt2i (semi-permeable membrane), and, for this and other reasons, >Schafer believes 
that each corpuscle consists of an envelojjc containing the coloured substance, 
haemoglobin. According to another view’, the erythrocyte consists of a stroma 
or sponge work permeated by the hoemoglobm. The istronifi or envelope consists 
mainly of cholesterol, lecithin, and iiucleo protein. 

The origin of the red corpuscles. —(1) In early embryonic life nucleated 
er 3 rthrocytea (erythroblaats) are formed in the ‘ blood-islands ’ of the vascular area. 
Certain mesodermic cells in these islands enlarge, and the iiUhleus of each sub- 
divides, forming a number of daughter nuclei. The interior of the cell then become.^ 
hollowed out, so that the nuclei, each surrounded by a certain arrlount of pi;pto- 
plasm, li6 free in a fluid. The protoplasm of most of these nucleated fragments, 
which are known as hwnoblasts, becomes tinged with ha3moglobin, and in this 
way the erythroblasts are formed. By the fusion of adjacent hollowed cells and 
the intercommunication of the cavities containing the erythroblasts the blood- 
vessels are formed. After the appearance of the liver and spleen multixflication 
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of the nucleated blood -corpuscles goes on by mitotic division in the vascular spaces 
of these organs, as well as in the circulating blood itself. Ultimately the nuclei of 
the er;^hroblasts disappear, probably by atrophy, and in the eighth month of 
f^tal life the red corpuscles are nearly all non-nucleated. (2) In UUer embryonic 
life the formation of non-nucleated erythrocytes takes place in the cells of the 
connective tissue. Coloured globules appear in the body of the coll, and are set 
free by the vacuolation of the cell substance around them, the vacuoles becoming 
fused so that the globules float in a fluid. Blood ‘Vessels are formed by the union 
of adjacent cells, as in the mesoderm at an earlier period. (3) During post-mtal 
life the formation of erythrocytes occurs in the rod marrow of bones. The red 
marrow consists of a small quantity of connective tissue, blood-vessels, iind numerous 
cells (fig. 39), a few of which are fat-cells, but the great majority are spherical, 
nucleated cells, the true ‘ marrow-cells.’ These marrow-cells proper, or myelocytes, 
resemble the leucocytes of blood, and like them are amoeboid ; they contain granules, 
either oxyphil, basiphil, or neutrophil in reaction. A number of eosinophil cells 
and a few basiphil cells arc also present (see below). Among the marrow-cells 
may be seen smaller nucleated* cells of a yello\vish colour ; these are the erythro- 
bl^ts or normoblasts from which the red corpuscles are dtnived, and which may 
be regarded as descendants of the coloured nucleated corpuscles of the embryo. 
Erjrthrocytes are formed from these erythroblasts by the disappearance of the 
nucleus. Giant-cells {myeloplaxes or megakaryocytes) similar to the osteodasis 
described in connexion with the development of bone, are also found in red marrow. 

The colourless corpuscles or hucA)cytes are of various sizes. In human blood 
the majority are rather larger than the rod corpuscles, and measure about lO/i 
in diameter. On the average from 7,000 to 12.000 hMirocytes arc foimd in eacli 
cubic millimetre of blood. 


Fig. 40. — Yariftifs of ooloorlt^-'S rorpuscK's loiind in Imriian htutd. x loOO. 



a. Eosinophil fiorpu-^cles. b. rolymorphomiclear lc*ucot*yfos. c. HyaJuio cell or laacroevte 

a Lyinphiicytes. ' 


They consist ot minute nucleated masses of protoplasm, and exhibit several 
varieties, which are differentiated from each other chiefly by the occurrence or 
non-occurrence of granules in their protoplasm, and* by the staining reactions of 
these granules when present (fig. 10). (1) The most numerous and important 
are termed folyinorphonudear leucocytes ; they are irregular in .shape in the living 
condition, are possessed of the power of amo-boid movement, and are characterised 
by containing nuclei which often consist of two or three ^arts (multipartite) con- 
nected together by fine threads of chromatin. When at re.st or dead they are 
spherical in shape as a rule. The protoplasm is clear, and contains a number of 
verj' fine granules, which stam with acid dyes such as eosin, or with neutral dve.s 
and are therefore called oxyphil or nexUrophil. Thev constitute 60 to 70 per cent’ 
of the total number of the colourless corpuscles. (2) A second variety comprises 
from 1 to 4 per cent, of the leucocytes ; they arc larger than the previous kind 
and are made up of coarsely gra,nular protoplasm, the granules being Mghly refractUe 
and grouped round single nuclei of horseshoe shape. The granges s^n deeply 
with eosin, and the cells are therefore often termed eoshwphil corpuscles (31 The 
third variety is called the hydUne cell or maerwyte. This.is usually about the same 
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size as the eosinophil cell, and, when at rest, is spherical in shape and contains a 
single round or oval nucleus. The protoplasm is free from granules, but is ?iot 
quite transparent, having the appearance of ground glass. (4) The fourth kind 
is designate the hpnphocyt^, because it is identical with the cell derived from fin* 
lyinph-glands, or other lymphoid tissue. They are the smallest of the loucoi ylu.^, 

Fits. 41.—- Huiium colourJes.s blood -corpuscle, showing its successive ebanges oi' 
outline witliin ten niinule.s wlien ki-pt moist on n warm stage. (vSclu.rD'lfl.) 



and each consists of a spiioioidal nucleus witli a very little surrounding protojilasm 
of a homogeneous nature. The third and foui'tli varieties together constitute* 
from 20 to 30 ihu* cent, of tin? colourless corpuscles, but of these two varieties the 
lymphocytes are by far the more numerous. Loucoc.ytcs having in tlioir ]>ro^u- 
plasm granules which stain with basic dyes ihasifhil) liave licon de.seribed as occurring 
ill human blood, but they are I’arely found except in disease. 

'IJie colourless corpuscles are very various in shape in living blood (fig. 11), 
because maiw of them have the power of cou.stantly (‘hanging their lorni by jiro- 
truding iinger-shaped or filamentous jn-ocosses 

of their sub.stanee, by which thev move and ,, i , , w i ■ i ^ 

take up granules from the. surrounding m(‘diiiin. nnignificd. (After 

In lofjoinotion the corpuscle pushes out a pro- (From Scliiili-rV h's^u'utiuK of 

cess of its substance — a psettdoyodhnn. as it is lli-tolf>gy.) 

calh'd- -and gradually the rest of the liody flows 

into it. In the same w'ay wdnni any granuh* 

OF' particle <;oiiies in ifs way th(‘ corpuscle • \ ‘ 

jirotrudes a ps<judoi)odiinn towards it, and ; 

thou draws the ])article into its own sub- ' 

stance. By means of tli(*s(5 annnboid ])J‘o- - 'U 

porties the cells have the powder oi w^andering ' a 

or (unigraling from the blood-vessels by p(*ne- , . W 

t rating tlteir walls and thus finding their way 

into the extra vase ulai* space.s. The solid a .- 

cli(*midhl constituents of leucocyte's are niicloo- . “ 

])rotein, globulin, fat, cholesterol, lecithin. ' ' 

glycogen, and salts. ^ 

The origin of the colourless blood-corpuscles. ^ 


— In early embryonic life leuvocytes an* deve- 
loped from tlie liamioblasts aln'ady de.scrib(*d. 

Some of these primitive b]ood-e(’lls do not become coloured, but arc conveit(*<l 
into colourless blood-corpu.scles. J^uring j^osl-natal life tlie lympliocyti's an*. (Ica c- 
loped from the cells of lymphoid tissue in the lymph-glands, Malpigliiaii corpii'<cl»‘.s 
of the spleen, and olscwh<*rc : polymorphonuclear corpuscles and co.sinopbil celh 
are derivtid from tlie myelocytes of red marrow. Some, oliservers believe, hovv(ivor. 
that p-ll other fornLS of leucocytes are (hjveloped ultimat(’ly from lymjihocytes, 
Linicoeytes may also multiply by\livision, which, in some ca.s(*s at least., is amitotic. 

The" blood-platelets (tig. 42) are discoid or irregularly sliapcd, colourless, refractile 
liodics, much smaller tha'n the red corpusch*s. Each contains a central chromatin 
mass resembling a nucleus. Blood-platelets possess the x>owTr of amoeboid movcj- 
ment. When blood is shed tliey rapidly disintegrate and form granular masses, 
setting free thro^nbokmane. a substance %vhieh takes part in the production of tibriu 
and so is concerned in bringing about the coagulation of the bipod. It is doub^ful 
whether platelets exist normally in circulating blood. 


Lympji 

Lymph is ^ transparent, colourless or slightly yellow fluid, whk-h is conveyed 
into the blood bv a set of vessels named lymphatics. These vessels arise in nearly 
all parts of the body as lymph-eapillaries. TlH*.y take up the fluid which has <^xuded 
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from the blood 'Capillaries for the nourishment of the tissue-elements, and return it 
into the veins. The greater number of these lymphatic vessels empty themselves 
into the thoracic dtict, which ascends in front of the vertebral column and opens 
into the junction of the internal jugular and subclavian veins on the left side of the 
root of the neck. The remainder empty themselves into a smaller duct which ends 
in the corresponding veins on the right side of the neck. 

Lymph is a watery fluid of sp. gr. about 1*015 ; it closely resembles the blood- 
plasma, but is more dilute. When it is examined under the microscope, leucocytes 
of the lymphocyte class are found floating in the transparent fluid ; they are always 
increased in number after the passage of the lymph through lymphoid tissue, as in 
lymph-glands. 


MUSCULAK TISSUE 

Muscular tissue is composed of bundles of reddish fibres endowed with the pro- 
pAty of contractility. There are three varieties of muscle, (1) striped or voluntary, 
(2) unstriped or involuntary, and (3) cardiac. The muscles which are concerned 

with the movements of the bony skeleton, the 
skeletal muscles, are composed of striped fibres, 
and are under the control of the will. The 
muscular coats of the stomach and intestines, 
uterus, bladder and blood-V(*ssels, on the other 
liand, are formed of unstriped fibres, and their 
TTiovemeiits are inv<»luntaiy. Some striped 
muscles, however, are not under voluntary con- 
trol, namely, those forming the w^alls of the 
pharynx and upp(‘r part of the cosophagns ; 
thc‘ ciliary muscle (»f lln^ though comi)ose(l 
of unstripe<l fibres, is a voluntary muscle. 
Cardiac muscle is int('rjnediate in j>ositiori 
between the otber two varieties. Its fibres are 
striped, hut iiivolmitary. and they differ from 
both striped and imstrip« d musc^le in stoctiire. 

Striped fibres ure arranged in bundles or 
fasciculi, in wdiicli the individual fibres are 
parallel to each otlie.r. Eacli fasciculus lias a 
connective tissue sheath, called the perhnysinw. prolongatirins of which run into 
the bundle, binding the fibres together and constituting the cndoniysium, A muscle 
is composed of a number of fasciculi, held together and surrounded by connective 
tissue wdiich is known as the epimysiuiu. The fasciculi are of different sizes in 
different muscles, and are for the most part placed parallel to each other, though 
they usually converge to\vards the tendinous attachments. The connective 
tissue framework of the muscle contains the blood -vi^sels and nerves which 
supply it. 

A muscular fibre may he said to consist of a soft contractile substance, enclosed 
in a tubular sheath named by Bowman tlic sarcolemma. The fibres are cylindrical 
or prismatic in shape (fig. 43), and are of no great length, not exceeding as ^ rule 
40 mm. Their breadth varies in man from G UI mm. to 0*1 mm. As a rule, the 
fibres do not divide or anastomose ; but occasionally, especially in the tongue 
and facial muscles, they may^ be seen to divide inU) several branches. In the 
substance of the muscle, the fibres end by taperino extremities which are joined 
to the ends of other fibres by the sarcolemma. Where a muscle joins its tendon, 
the sarcolemma covering the end of each muscle-fibre, blends with a corresponding 
group of the fine fibres of the tendon. The muscular substance of the fibre can 
readily be made to retract from the point of junction. The areolar tissue between 
the fibres is prolonged more or less into the tendon, so as to form a kind of sheath 
around the tendon-bundles for a longer or shorter distance. When muscufetr fibres 
are attached to skin or mucous membranes, this slicath becomes continuous with 
the areolar tissue of these structures. 

The sarcolemma, or tubular sheath of the fibre, is a transparent, clastic, and 
apparently homogeneous membrane of considerable toughness, so that it sometimes 


Fio. 43. — Transverse section of 
human striped rnnsclo-fihres. 
X 255. 
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remains entire when the includedf substance is ruptured. On the internal surface 
of the sarcolemma in mammalia, and also in the substance of the fibre in frojjs, 
elongated nuclei are seen, and in connexion with these 

is a little granular protoplasm. Fuv. 44.--*Stripocl musch- 

Upon examination of a voluntary muscular fibre fibres from the tonkin- 
by transmitted light, it is found to be marked by alter- «■ efit. x 2o0. 
nate light and dark bands or striae, which pass trans- 
versely across the fibre (fig. 44). When examined by 
polarised light the dark bands are found to be doubly 
refracting (anisotropic), while the clear stripes are, singly 
refracting (isotropic). The dark and light bands arc 
of nearly equal breadth, and alternate with great regu- 
larity ; they vary in breadth from about to V 
When the fibre is deeply focussed a dark line may be 
seen running in the middle of the clear stripe. This is 
known as Dobie’^ line or Krauses membrane. In fibres 
which are in the extended condition the dim stripe is 
often seen to be divided by a clearer line, Hensens 
line. 

Under high magnification there are indications that 
the striped muscle-fibre is made up of a large number 
of fibrils, known as sarcoslyles or muscle -columns, 
together with an interfibrillar material, or sarco2)lasni (fig. 45, 14). When a fibre 
is treated with weak acid it becomes clearer, and the sarcoplasm is visible 

as fine, longitudinal, parallel 
Fi(i. 45. — A. Portion of ii inodiiim-sizecl hnunan lines. At the junction of the 
miiscuiar fibre. Magnified nearly ftOO diameters, dim and clear .«»tripes these 

li. Separated bundles of fibrils, o<]iialiy lines often show bead-liko 

(‘iilargcments in the extended 
condition of the fibre. In 
transverse sections the saiTo- 
styh's appear as minute, poly- 
gonal anuis, each surrounded by 
clear sarcoplasm, which then 
appears to form a network. 
Tlie small arenas are known as 
(’ohnliciin’s areas. 

When the sarcoslyles are 
M*parat(*d by suitable methods 
it becomes evident that each 
exhibits alternate dim and clear 
portions, with Dobie’s and 
Hensen’s lines, and that tho 
stri|>ed appearance of the fibre 
is due to the apposition of thi^ 
coriespouding segTiients of t he 
fibrils of which it is composed. 

KSchiifer has worked out Ihr) 
iniimtc anatomy of muscular 
fibre, particularly in the wing 
muscles of insects, which are 
]>eculiarly adapted for this juir- 
pose on account of the relatively 
large size of the sarcostyles and 
the ease with which they can be sei)arated In the following description that 
given by Schafer is closely followed. • 

A sarcostyle may be said to be made up of successive portions, each of which 
is termed a sarewnere. The sarcomere is situated between two memliranes of 
Krause,' an^ consists of (1) a central dark part, which forms a portion of the dark 
band of the whole fibre, and (2) a clear area at either end, each forming, with the 
corresponding clear part of the adjacent sarcomere, the light baud of the fibril. 
The central dark segment really consists of two parts, and when the fibre is stretched 
these two parts become separated from each other at the line of Hensen (fig. 46, A). 


iiiafjninod. 



ff, tf. Larger, and 6, bt smaller collcef ion.s. r. Still .sm.a11er. 
rf, d. The smallest \vhi(!h could be detached. 
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The cle$jr areas are well marked in the extendecf sarcostyle, but ih the contracted 
sarcostyle they are small or altogether absent ,(fig. 46, B). 

The central dim portion, or sarcous element ^ does not lie free in the sarcomere, lor 
when the sarcostyle is stretched, so as to render the clear portion .visible, very fine 
lines, which are probably septa, may be seen running through it from the garcous 
clement to the membrane of Krause. 

Schafer explains these phenomena in the following way. lie considers that 
each dim segment contains a number of longitudinal channels, which open into 
the clear part towards the membrane of Krause but are closed at the line of Hensen^ 
When the muscular fibre contracts the clear part of the muscular substance passe 
into these chann<*!s or tubes, and is therefore hidden from sight, but at the sami 
time it swells uy) the sarcoiis element and widens and shortens the sarcjomere. 
When, on the contrary, the fibre is extended, this clear substance is driven out 
of the tube.s and collects between the sarcous element and the niembrane of Krause, 
and gives the appearanec of the light part between these two structures ; by this 
means it elongates and narrows the sarcomere. 

Schafer lias shown tluit, if this view be correct, it harmonises tluj contraction 
•of muscle with the amcoboid aelion of ])rotoplasm. In an ammboid cell there is. 
according to one view of tlu' structure of yirotoyjlasin, a framework of spongioplasin, 


I’jG. 40. — Diagraoi of n s;in‘omri'o. (After Schiifi r.) * 

A. In ii rnodoratc'ly exteiidod coiiditifai. !>. in m contruLdod coorliti'wi. 



H. Line ot k, I: <»t KmUhi*. S.K. Sarcoiib . 


enclosing in its jiieshes a clear .substance, fiyalojilasm. Under stimulation the 
hyaloplasm passes into the jiores of the vspongioplasm ; witliout stimulation it tends 
to pass out, as in. the formation of yKseiidoyiodia. In muscle 1 liero is the same tiling, 
viz. a framework of spongioplasm the substanccj of the dim sogriuuit : and this 
encloses a clear liyaloplasm, tin* clear substance of the sarcomere. During con- 
traction of the muscle-, i.e. under stimulation -this clear substance passes into the 
yiores of the syiongioplasm ; while during extension of the muscle' i.e, when there 
is 110 stimulation- —it tends to jia.'^s out of the spoiigiojdasm. In this way the con- 
traction ivS brought about ; under stimulation tlu' protoyilasmic material (the clear 
substance of the; sarcoiucro) recedes into the sarcous element, causing the j^rcomore 
to widen out and shorten. The contraction of the muscle is merely the slim total 
of this widening out and shortening of these bodies. 

Vessels and nerves of striped muscle. — ^The capillaries of striped muscle are 
very abundant, and form a sort of rectangular network, the branches of which run 
longitudinally in the ondoinysium between the muscular fibres, and are joined at 
short intervals by transverse anastomosing branches. Tti the red muscles of the 
rabbit dilatations occur on the transverse branches of the caynllary network. The 
laiger vascular channels, arteries and veins, are found only in the perimysium, 
between the muscular fasciculi. Nerves are profusely distributed to striped muscle. 
Their mode of termination is described in the chapter on Neurology.^ Lymphatic 
vessels do not occur in striped muscle, though they have been found in tendons and 
in the sheaths of tJio muscles. 

Unstriped, plain, or involuntary muscle is foimd in the following situations— 
in the lower lialf of the oesoydiagus and the whole of the remainder of the gastro* 
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intestinal tube*; in the trachea and bronchi ; in the galbbladdiT and common 
bile-duct ; in the largo ducts of the salivary and pancreatic glands ; in the pelvis 
and calyces of the kidney, the ureter, bladder, and urethra ; in the female vsexual 
organs — viz. the ovary, the uterine tubes, the uterus (enormously developed in 
pregnancy), the vagina, the broad ligamenta, and the corpora cavernosa of tlu* 
clitoris ; in the male sexual organs — viz. the Dartos of the scrotum, the. ductus 
deferentes ^.nd cpididymes, the vesiciilae seminales, the prostate, and the corjjora 
cavernosa of the penis and urethra ; in the capsule and trabeculae of tlie spleen ; 
u the mucous membranes, forming the muscularis mucosae ; in the skin, forming 

Arrectores pilorum, and also in the sweat-glands ; in the 
arteries, veins, and lymphatics ; in the iris and the ciliary 
muscle. 

Unstripod or plain muscle is made up of spindle-shaped 
cells (fig. 17), collected into bundles and held together by 
a cement-substauce. These bundles are further aggregated 
into larger fasciculi, or sheets, bound together by ordinary 
connective tissue. 

The cells are elongated, spindle-shaped, and nucleated, 
and are of various sizes, averaging from 10 fi to 8<)/z in 
length, and 6fi to l/i in breadth. Oji transverse section they 
are mote or less i>olyhedral in sliapo, from mutual pressure. 


Fio, -IT. — MnscU‘-iil>ivs 
from tho Kinnll iiitos 
tine. Fron» (Jimiii’s 
EletYiCMits f)£ Ana- 
tomy, vol. ii. lit. i. 
Mierosco])i(* A iiatoniv. 


Fio. 48. — Anastomosing muscular hbre*? of 
tlic heart seen iji a longitudinal section. 
On the right the limits of tho separate cells 
^with their nuclei are exhibited somewhat 
diagraminaiiotill v. 



Each presents a faint longitudinal striation and consists of 
an elastic cell-wall containing the contractile substance, and 
an oval or rod-like nucleus. A centriole lies close to the 
nucleus^i * The fibres are attached to one another by a certain 
amount of interstitial cement-substance which rednees 


nitrate of silver, but in some regions, e.g. the muscular coats 
of the intestines, the muscle-cells are also connected by 
‘ bridges ’ similar to those which occur in the prickle-cells of t^smai layer, 
the epidermis. 

Sheets ol smooth muscle frequently exhibit rhythmical contractions, which are 
more sluggish than the contractions of striped muscle and in many cases travel 
along the membrane in the form of waves. Such waves are well marked in the wall 
of the intestine. Coiitraclion is often excited by a mechanical stimulus, as disteiv 
sion, for exsimple, in tho urinary bladder. 

Cardiac muscular tissue. — The fibres of the heart differ very remarkably from 
those of other striped muscles. They are striated both transversely and longi- 
tudinally, but the striation, as compared with that of striped muscle, is faint and 
indistinct. The fibres are made up of quadrangular cells joined end to end so as 
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Fio. 40.— Purkinji^’a fibro^ 
the sheop’s heart. 


from 


to form a syncytium (fig. 48). Bach cell contains a clear oval nucleus, situated 
centre. Many of the cells branch or divide, the suMivisions uniting with 
olbelB from other cells, and thus producing ap anastomosis of the fibres. The 
connective tissue between the bundles of fibres is much less than in ordinary striped 

muscle, and no sarcolemma has been proved 
to exist. 

furkinje's fibres (fig. 49). — Between the 
endocardium and the ordinary cardiac muscle 
arc found, embedded in a small amount of 
connective tissue, peculiar fibres known as 
Purkinjes fibres. They are associated with 
the terminal distributions of the atrioven'r 
tricular bundle. The fibres are very much 
larger in size than the cardiac cells and differ 
from them in several ways., Tn longitudinal 
section they are. quadrilateral in shape, being 
about twice as long as they are broad. The 
central portion of each fibre contains one or 
more nuclei and is made up of granular proto- 
X>lasm, with no indication of striation, while 
the peripheral portion is clear and has distinct 
transvcTse striations. The fibres are intimately 
connected witli c'ach other, possess no definite 
sarcolemma, and do not branch. They form a 
considerable portion of the moderator band in 
the heart of the sheep. ^ 

The atrioventricular bundle (see chapter on 
Angiology) is composed of cells which difler 
from ordinary cardiac muscle- cel Is in being more 
spindle-shaped. They are, moreover, more 
loosely arranged and have a richer vascular 
.su])plv tlian the rest of the heart-muscle. 

Development of muscle-fibres. Voluntary 
muscular fibres are developed from the meso- 
derm, the embryonic cells of wWch elongate, 
show multiplication of nuclei, and eventually 
beconio striated ; the striation is obvious 
at the side of the fibres, spreads around the 
circumference, and ultimately extends to the 
centre. The nucl(*i, at first situatt'd centrally, gradually pass out to assume their 
final position immediately beneath the sarcolemma. In the case of involuntary 
muscle the mesodermal cell assum<»s a pointed shape at the extremities and becomes 
flattened, the nucleus also lengthening out to its permanent rod-like form. 



A. In lontrltudiiml section 

B. In transverse section. 


NERVOUS TISSUE 

The nervous tissues of the body comprise the brain, the medulla spinalis or 
spinal cord, the cerebral, spinal, and sympathetic nerves, and the (ganglia connected 
with them. 

* The nervous tissues arc composed of mroe-cells and their various processes, 
together with a supporting tissue called neuroglia, which, however, is found only 
in the brain and medulla spinalis. Certain long processes of the nerve-cells are of 
special importance, and it is convenient to consider them apart fro* the cells • 
they are known' as rterve-JSires, ’ 

To the naked eye a difference is obvious between certain portions of the brain 
and medulla spinalis, viz. the grey substance, and the white Substance. The 
grey substance is largely composed of nerve-cells, while the white substance con- 
tains only their long processes, the nerve-fibres. It is in the former that nervous 
impressions are received, stored, and transformed into efferent impulses and by 
the latter that they are conducted. Hence the grey substance f^rms the essential 
cohstituent of all the ganglionic centres, both those in the isolated gan^ and 
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those aggregated in the brain and medulla spinalis ; while the white substance 
forros the bulk of the commissural portions of the nerve-centres and the peripheral 
nerves. 

* Neuroglia, the peculiar variety of connective tissue which binds together llie 
truei nervous constituents of the brain and medulla spinalis, (‘onsists of cells aiul 
fibrea. Some of the cells (spider -cells) are stellate in shape, with ill-defined cell-bo^ly, 
and their fine processes become neuroglia fibres, which extend radially and un- 
branched (fig. 50, B) among the nerve-cells and fibres which tliey aid in supporting. 


Fjo. 50. — Neuroglia cells of the brain shown by Oolgi’s method. (Afttr Amlriczen.) 
(From Schafer’s Essentials of liistcdogy.) 



A . ArlJorosceut coll with branched procesacM. B. Spldor»CPll with iinbriiuched prncossiM. 


Other cells (arborescent cells) give off processes which branch rej)eatedly (fig. 50, A). 
Home of fhe fibres start from the epithelial cells lining the veutrkies of the brain 
and central canal of the medulla spinalis, and pass through the nervous tissue, 
branching reptiatedly, to end in slight enlargements on the pia mater, 'rims, 
neuroglia is evidently a connective tissue in function, hut it is not so in 
development ; it is ectodermal in origin, whereas all other connective tissues are 
mesodermal. 

Nerve-cells (fig. 51) are largely aggregated in the grey substance of the 
brain and medulla spinalis, but smaller collections of tlieso cells also form 
the swellings, called ffungluty seen on many nerves. These latter are found chielly 
upon the spinal and cerebral nerve-roots and in connexion with tlie sympathetic 
nerves. 

Nerv^-cells vary in shape and size, and have one or more proc(*sses. They 
may be divided for purposes of description into three groups according to the 
number of processes which they possess : (1) Unipolar cells are found in the spinal 
ganglia; the single process, after a short course, divides in a T-shaped manner 
(fig. 51). These cells are bipolar in embryonic life, but, as development proceeds, 
the two processes approach one another and become fused for a short distance. J n 
the spinal ganglia of fish the colls are bipolar throughout life. (2) Bipolar colls 
(fig. 51) are found, in the adult, in the retina, and in the ganglion spiraJe and 
ganglion vestibulare of the acoustic nerve. In some cases where two fibres are 
apparently cbnnect-ed with a cell, one of the fibres is really derived from an adjoining 
nerve-ciell wd is passing to end in a ramification around a imipolar cell, or, again, 
it may be coiled spirally round the nerve-process which is issuing from the cell. 
(3) Multipolar cells are pyramidal or steUatc in shape, and characterised by the 
numerous proeeefees which issue from them. The processes are of two kinds : one 
of them is termed the aads-cylinder 'process or axon because it becomes the axis- 


36 histology 

cylinder of a nerve-fibre (figs. 52, 63, 54). The others are termed flie prtOopJasmic 
processes or d^ndrons ; they begin to divide and subdivide as soon as they emerge 
from the cell, and finally end in minute twigs. The axons of certain multipolar 


Fig. Til. — Various lorins of norve-f’olls. 



cells found in the brain and iiiedulla spinalis do not become nerve-fibres, but 
terminate by arborescence close to the cell-body. 8iu*h cells were called by Golgi 
multipolar cells of the second type. 

The body of the nerve-cell is known as the cyton. In fixed and stained prepara- 
tions it consists of a finely fibrillated protoplasmic material, of a reddish or yellowish- 
brovv'n colour, which occasionally presents ])atches of a deeper tint, caused by the 


Fi(i. 5*2. — Motor norvo-coll from tlie xriiiral 1 h ni ol nudiillii spituilis^ of an ox. 
X 500. The ^laimlos aiv shown. Tfm tlmdrons and 

axon an- hrokou olV closo to tla* roll. 


Dendrons 


A.von 


aggregation of pigment-granules at one side of the nucleus, as in the substantia 
nigi'a and locus cieruleus of the brain. The protoplasm also contains peculiar angular 
granules, which stain deeply with basic dyes such as methylene blue ; these are 
known as NissVs granules (fig. 52). They extend into the dendritic processes but 
not into the axis-cylinder ; the small clear area at the point of exit of the axon 
is termed the cone of origin. These granules disappear {chromatolys%$) during fatigue 
or after section of the nerve-fibres connected with the cells. They are supposed to 
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represent a store of nervous energy, and in various mental diseases are deficient or 
absent. The nucleus is, as a rule, a large, well-defined body, with a relatively small 
amount of chromatin, and containing a well-marked nucleolus. 


Fig. 53. — Pyramidal cell from tlio 
cerebral cortex of a mouso. (iolgi 
method. (After llaradn y Cajal.) 



In addition to the protoplasmic network described oliovo, <?a.cli ntnve-cell may 
be shown to have delicate nouroftbrils nmiiing through its tfubstaiice (lig. 55) ; 
these fibrils are continuous with the fibrils of thi3 axoii, and are believed to convey 
nerve-impulses. Golgi has also described an extracellular net work, which is probably 
a supporting structure. 

Mott and Marinosco have shown that, when living nerve -cells are examined by 
the dark ground illumination method, neither Nissl’s granules nor fibrils of any kind 
can be seen. The constancy of the occurrence of botli these structures in fixed 
preparations, however, indicates that they represent something specific in the 
living cell. 

Nervb-flbfes are found universally in the peripheral nerves, and in tlie whit^ 
substance of the brain and medulla spinalis. They are of two kinds viz. medullated 
or white fibres, and non^medidlaied or grey fibres. 

The medullated JU>res form the white part of the brain and medulla spinalis, and 
also the greater part of every cerebral and spinal nerve, and give to these structures 
their opaque, white aspect. When perfectly fresh tiiey appear to bo homogeneous ; 
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but soon after removal from the body each fibre presents, when examined by 
mitted light, a double outline or contour, as if consisting of two ^ * 

The central portion is named the axis-cylinder \ around this is a sheath of fatty 
material, staining black with osmic acid, named the irhie substance oj Schwann 
or medullary sheath^ w'hich gives to the fibre its double contour*; and the whole 
is enclosed in a delicate membrane, the neuroleinma^ sheath y or nucleated 

sheath of Schwann (fig. 57). Mednllated nervefibres vary in diameter from 2/x to 1 6/i. 

The axis-ajlimkr is the essential part of the nerve-fibre, and is always present ; 
the medullary sheath and the neurolemina are occa.sionally absent, especially at 
the origin and termination of the nerve-fibre. The axis-cylinder undergoes no 
interruption from its origin in the nerve-centre to its termination, and must be 


Fig. 55. — Nervo-eolls of n kitten, showing iiourofibriJ-. fUanion v Cajal.) 



at right angles to its course and run into the grey substance, where they terminate 
by arborisation. The axis-cylinder constitutes about (me-lialf or one-third of the 
nerve-fibre, being greater in proportion in the fibres of the central ougans than in 
those of the nerves. It is quite transparent, and is therefore indistinguishable 
in a perfectly fresh and natural state of the nerve. It is made up of exceedingly'' fine 
fibrils (figs. 67 and 58), which stain darkly with gold chloride, and at its termination 
may be seen to break up into these fibrils. The axis-cylinder is sai4 by* souie to 
be enveloped in a special reticular sheath, which separates it from the medullary 
sheath, and is composed of a substance called neurokeratin. The more common 
opinion is that this network or reticulum is contained in the 'Ckrhite substance of 
»Schwann, and by’ some it is believed to be produced by the action of the reagents 
employed to show it. 
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The medullary eheath or white substance of Schwann (fig. 57) is regarded as beii)!^ a 
fatty material in a fluid state, which insulates and protects, or possibly sup^ilie^ 
nutriment to, the essential part of the nerve- - the axis-cylinder. As a general rule 
its thickness is proportional to the size of the axis cvlinder, and is such that it forms 


about half of the total area of tJie cross 
section of the fibre. Its continuity is in- 
terrupted at regular intervals, giving to 
the fibre the appearance of constriction at 
these points ; these are known as the 
nodes of Ranvier (figs. 56 and 57). The 
portion of iierve-fii)re between two }iode8 
is called an inteinodal segment. The 
neurolenima or primitive sheath is not 
interrupted at the nodes, but passes 
over them as a continuous membrane. 
Some observers, however, believe that 
the neurolenima of one internodal seg- 
ment is connected with that of the 
adjacent segment at the nod(3 by cement- 
substance. If the fibre be treated with 
silver * nitrate the reagent penetrates 
the neurolemma at the nodes, and, 
on exposure to light, reduction takes 
place, giving rise to the appearance of 


G. r)6. — Medullated nerve fibro'^. x :ir)0. 



black crosses. Ranvier's crosses, on 


the axis-cylinder. There may also be seen transverse, lines beyond the nodes 
termed From mannas lines (fig. 59) ; the significance of these is not understood. 


In addition to these interruptions oblique clefts or incisure^s may be seen in the 


Fig. *57. — Diagram of lotigitiidimd sections of inediillatcd ncrve-fibres. 

Osmit*. acid. 



medullary sheath, subdividing it into irregular portions, which are termed medulUiry 
segmmts, or segments of Ijantermann (fig. 57) ; there is reason to believe that these 
clefts ate artificially })roduced in the preparation of the speciiucns. Medullated 
nerve-fibres, when examined in the fresh condition, frequently present a lieadcd or 

varicose app arance, due to inanipula- 
Fkj. 58. — Transverse st'etions of inedullat(»d pressure causing the oily 

norve-fibres. Osniic acid. matter to collect into drops ; in conse- 

quence of the extreme delicacy of the 
primitive sheath even slight pressure 
r trausudation of the fatty 

Neurolcmma matter, whicli collects as drops of oil 

MtduUitrif 9hcath outside thc sheuth. 

The neurolemma or primitive sheath 
is a delicate, structureless membrane ; 
^ here and there beneath it, and situated 

in depressions in the white substance of Schwann, arc nuclei surrounded by a small 
amount of protoplasm. The nuclei are oval and somewhat flattened, and one is 
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generally found in the middle of each internode. The primitive sheath is absent 
from the medullated fibres of the brain and medulla spinalis. 

Wallerian Degeneration , — When nerve-fibres are cut across, tlie central ends of the 
fibres degenerate as far as the first node of llaiivior; but the; peripheral ends degenerate 
simultaneously throughout their whole length. The. axto)s break up into fragments and 
become surrounded by drops of fatty substance which are formed from the breaking down 
of the medullary sheath. The nuclei of the primitive .sheath proliferate, and finally 


f’la. 59. — Medullated nerve-fibres stained with silver nitrate. 



Fir». 00. — A small branch 
from the sympathetic 
of a mammal. 



It. T>\(»Miiall niediillaled iiem*- 
ilbrrs ainont' a niiiiibori)f noii- 
iiKMlullatcd lUTVt'-fibrrs. h. 


absorption of the axons and fatty s\il»stance ne(!iir<. If the cut (MhIs of the nerve be 
sutured togetht'r regeneration of the ncrve-tibies takes phu-i* by the downgrowth of axons 
from the central end of the nerve. At one tiiiK' it ns Ix'lievid that the reg» noration was 
peripheral in origin, hut this has been disproved, the proliferated nuclei in tjic peripheral 
portions taking part rinundy in the formation of the so-calle.f scafFulding akaig which the 
new axons pass. 

« 

Nm-7nedullated fibres. -Most of the fibres of the sympathetic system, and some 
of the cerebrospinal, consist of the grey or gelathwnti n('rvc-fibres— /ibres of Remak 
(fig. 60). Bach of these consists of an axis-cylinder to which nuclei are applied 
at intervals. These nuclei are believed to bo in connexion with a dedicate sh(‘ath 
corresponding with the neurolemma .of the medullated nerve-fibre. Jn external 
appearance the; non-^edullatod nerve-fibres are semitransparent and grey or 
yellowish-grey. The individual fibres vary in size, generally averaging about half 
the size of the medullated fibres. 



EMBRYOLOGY 


rilHE term Entbryplogy, in ita widest sense, comprises the various changes which 
i take place during the gnpowth of an animal from the egg to the adult condition • 
it is, however, usually restricted to the phenomena which occur before birth. * 

In vertebrate animals the do.velopment of a new being can only tak<^ place wJien 
a female germ-cell or ooum has been fertilised by a male germ -cell or spermilozomi. 
The oyum is a nucleated coll, and the complicaie.d changes by wdiich the variMus 
tissues and organs of the body are formed from it, after it has been fe,rtilis(*d, are 
the result of two general processes, viz. segmeiUation and differentiation of colls. 
Thus, the fertilised ovum undergoes repeated segmentation into a number of cells 
which at first closely resemble one another, but are, sooner or later, dilfenmtiattid 
into two groups : (1) somatic cells, the function of wliich is to build up the various 
tissues of the body ; and (2) germinal cells, >vhicli are destined for tlie pejpetuatioii 
of the species. 

Having regard to the main purpose of this work, it is impossibhi, in the space 
available in this chapter, to describe or illustrate fully, all the changes whicli occur 
during the development of the human body. Only the ju'incipal facts are given, 
and the student is referred for further details to one or other of the text-books * on 
human embryology. 


• THE OVUM 

The oiva arc developed from the primitive germ-cells whicJi are situated in the 
substance of the ovaries ; eacli primitive germ-cell gives rise, by repeated divisions, 
to a number of smaller cells termed Oitgonia from which the ova or primarg ooegtes 
are developed. 

Human ova measure about 0 2 mm. in diameter, and are contained w'ithin the 
Graafian follicles ollhe^ ovaries f ; as a rule e^cJi follicle contains a single ovum, but 
sometimeiJ. two or nvort; are present. J3y the enlargement a^d subsequent ru])tiire 
of a follicle at the surface of the ovary, an ovum is liberated and enters the uterine 
tube through which it is conveyed to the cavity of the uterus. Unless it be fertilised 
it is discharged from the uterus, but if fertilisation takes place it is retained th<ue 
and is developed into a new being. 

In appearance and structure the ovum (fig. til) differs little from an ordinary 
coll, buff distinctive names Iiavc^ been applied to its several parts ; thus, the cell- 
substance is known as the yolk or oiLplusniy tlio nuchius as the germinal vesicle, and 
the nucleolus as the germ inal a pot. The ovum has a thick, transparent envelope 
named tlic zojm striata ot wm pellucido; and wlien the ovum is liberated from the 
Graafian follicle, several layers of colls, derived from those of the follicle, adhere to 
the outer surface of the zona radiata, and collectively constitute the corona radiata. 

The yol6 comprises (1) the cytoplasm of the ordinary animal cell with its spongio- 
plasm and hyaloplasm ; this is frequently termed "the formative yolk ; (2) the 
deuteroplasm or nutritive yolk, which consists of numerous rounded granules of fatty 
and albuminoid silbstacilCes imbedded in the cytoplasm. In the mammalian ovum 
the deutercTplasm is extremely small in amount, and is of service in nourishing the 

* Manvat of Jfumaii Z^/i 6 /’yfA^o. 7 y,,Kcibel and Mall ; //aiVMmch rfftr rart/lf irheiulm uiiti exptri- 
mentelkn EiUwickebOnjMire dft' W irbellitre, Oskar Hertw ig ; LvhtimcU dtr Enfirk-kdauffMftisrJiirhtty 
Bonnet; Vertdratt Embryology, Jenkinson ; 77tc Phydology of Baproduxtion, Marshall. 

+ Seo description of tlio ovary iiiidor Splanchnology, 
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embryo in the early statres of its development only, whereas in the egg 
there is sufficient to supply the chick with nutriment throiighout the whole perio 
of incubation. Its of distribution within the egg varies in dmerent anima s , 
in some it is almost uniformly dispersed throughout the cytoplasm ; m some it is 
centrally placed and surrounded by the cytoplasm ; in others it is accuinmateci at e 
lower pole of the ovum, while the cytoplasm occupies the upper ^ centrosomf 

and centriole are present and lie in the immediate neighbourliood of the nucleus. 

Fto. 61 . — iluman ovum oxu mined fresh in the liquor folliciili. , x (Waldeyer.) 
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MATUB^TION OF THE OVUM 

The corona rsdiata (fig. 61 ) consists of two or three strata of cells whicli mv. 
derived from the cells of the (Iraafian follicle, and adhere to the outei surface of 
the zona striata when the ovum is set free from the follicle ; the cells are radially 
arranged around the zona, those of the innermost layer being columnar in shape. 
The cells of the corona radiata soon disappear ; in some animals they secit'.te, or 
are replaced by, a layer of protein, which may assist in protecting and uourishhig 
the ovum. 

The phenomena attending the discharge of the ova from the Graafian follicles 
are described with the anatomy of the ovaries. 


MATURATION OF THE OVUM 

Before an ovum or primary oocyte can be fertilised it must undergo a process of 
maturation or ri'pening (fig. 62). This process consists essentially of a heterotypical 
division of the ovum into two cells, followed by a homotypical division of t he tw> 
cells into four ; the heterotypical division occurs before the ovum is liberated 

, Fig. 62 . — Formatioii of polar bodi(3s in Astcrias glacialis. 

(Slightly modified froni Hc'rtwig.) 
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from the ovarian or Graafian follicle, the homotypical division usually after the 
spermatozoon has penetrated the zona striata. Three of (he four cells are small, 
incapable of further development, and are named polar hodm or polocfftes. The 
fourth cell is large ; it is named the mature ovum, and is devoid or a centrosonie. 
Its nucleus, as tlie result of the heterotypical division, contains only half the number 
of chromosomes which were present in the nucleus of the primary oocyte. The 
nucleus of the mature ovum is named the feutale promdeu^. 

The process of maturation has not been observed in the human ovum, but has 
been carefully studied in the ova of some of the lower animals, to which the following 
description applies. 

It was pointed out on page 2 that the number of chromosomes found in the 
nucleus is* constant for all the cells in an animal of any given species, and that in 
man the number is probably twenty-four.* This applies not only to the somatic 
cells but to the primitive ova and their desceiidaiits. For the purpose of illustrating 
the process of maturation a species may be taken in which the number of nuclear 
ohromosoliiefl is four (fig. 63). If an ovum from such bo observed at the beginning 
of the maturation process, the usual achromatic spindle is seen lying close to and 
parallel with the surface of the ovum, with the four chromosomes arranged at its 

^ H. von Winiwarter maintains that the immlier of ohromosonies in the immature ovum is 
forty-eight, and in the primary spcrniatooyto, forty-seven. 
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equator. The spindle then rotates so that its long axis is radial, and the first or 
heterotypical division takes place ; two chromosomes pass to either end of the 
spindle, those at the periphery producing a surface elevation which is constricted 
off as the first polar body. The other two chromosomes are retained in the ovqm, 
which is now termed a secondary oocyte. Without passing through a resting stage 
the secondary o<x'.yto undergoes homot 3 pical division, the two chromosomes each 
dividing into two, which travel to the ends of the spindle. A secmid polar body is 

Ftg. 63. — Diagram showing tho reduction in number of the chromosomes iu the 
process of inatriralion of the ovum. 




Polar bod it a 


segmented otf, and tho malurc ovum, with two chromosomes gathered into a newly 
formed nucleus, rcMuaiiis. The first i)olar body fr(‘quently divides in a homotypical 
manner while the second is being formed, and as a final result four cells arc produced, 
viz. the mature ovum and three polar bodies, each of which contains two chromo- 
somes, i.e. half the number present in the nuclei of the somatic colls of members 
of the same species. 


THK[SrERMATOZOON 

The spermatozoa or male germ-cells are developed in the testes and awi present 
in enormous numbers iu the. seminal fluid ; each consists of a small but greatly 
modified cell. The human spermatozoon possesses a head, a neck, a connectim^ 
piece or body, and a tail (fig. 64), * 

Tho head is ovoid or elliptical, but flattimed, so that when viewed in profile 
it is pear-shaped. Its anterior two-thirds are covered by a layer of modified proto- 
plasm, named the head-cap, which ends anteriorly in a sharp edge. In some animals 
(e.g. the salamander), the head-cap is prolonged into a barbed spear-like process 
{acivsome or perforator), which probably facilitates the entrance of the spermatozoSn 
inlt) the ovum. 

The neck is less constricted in the human s^rmatozoon than in tho^ of some 
of the lower animals. The anterior centriole is situated at the junction of the head 
and neck, and behind it is a band of homogeneous substance. 

The conne^ piece or body is rod-like, and is limited behind by a terminal 
disc or ring. The posterior centriole is placed at the junction of the body and neck 
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THE SPERMATOZOON 

■> 

and from it axial fila)nent, Burrounded by a sheath, runs ba(;kwards through the 
body and tail. In the body the sheath of the axial filament is encircled by a apiral 
thread, around which is an envelope containing mitochondria granules, and termed 
the rtiitochondrial sheath. 

•The tail consists of the axial thread or filament, surrounded by a thin protoplasmir 
sheath ; the terminal portion or eiid-piece of the tail is composed of the axial filament 
only. 

Krause gives the length of the human spermatozoon as between 52//- and the 
head measuring 4-5/x, the connecting piece 6/i, and the tail from 41// to 52//. 


Fio. 64. — Human spermatozoa, highly magnified. A. Profile view. H. Siiif:iC‘o 
view. (After Retziiis.) C. Diagrammatic ropn'Hcnlation of the boatl, nec-k and 
connecting piece, more highly magnified. (AJodifi^Ml from Mceves.) 


Head 
N tek 

Connecting yiece 


Tail 


End-yiecc 



By virtue of their tails, which act as propellers, the spermatozoa are capable of 
free movement, and if placed in favourable surroundings (e.g. in the female passages) 
will retain their vitality and fertilising power for several days. In certain animaJ.s 
(e.g. bats) it has been proved that spermatozoa retained in the female passages for 
several months are capable of fertilising. 

The ^ipermatozoa are developed from the primitive germ-coils which have become 
imbedded in the testes, and the stages of their development are very similar to those 
of the maturation of the ovum. The primary germ-cells undergo division and 
produce a number of cells termed spermatogonia, and from these the primary spenmto- 
cytes are derived. Each primary spermatocyte imdergoes a heterotypical division 
into two secondary spennatocytes, in the nuclei of which the number of chromosomes 
is reduced by half, and each secondary spermatocyte a homo typical division into 
two spermatids or young spermatozoa ; from this it will be seen that each primary 
spermatocyte gives rise to four spermatozoa. 

Interesting changes occur during the conversion of the spermatid into the 
spermatozoon (fig. 65). The two centrioles are at first placed tangentially to the 
surface of the spermatid but soon assume a radial position so that one lies deeper 
than the other ; the deeper one forms the anterior centriole of the neck. The axial 
filament grows but from the superficial centriole which divides into two parts ; 
the anterior part forms the posterior centriole of the neck, and the posterior part, 
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^Woh is ring-like, migrates to the distal end of the connecting pieie of body and 
there forixis the terminal disc or ring, through which the axial filament passes. 
/Hie nucleus of the spermatid forms the head of the spermatozoon, and the c 3 ^oplasTn, 

Flo* 65. — Transforuifition of spermatid into spernuito/odn. (Diagrammatic.) 
(Modified from Meeves.) 
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the investing sheath of the body and tail. The controspherc moves away from the 
centrioles to the opposite side of the niKdeus and is converted into the head-cap 
(acrosonie). * 

On comparing the development i»f the speimatozoon with the maturation of the 
ovum (fig. 66) it will be observed that tlu* ]>rimaiT spermatocyte gives rSe, to two 


Fio. 66.-~Sch»-mc showing nuulogies in the process of maturation of the uvuun and 
Ihfj: devclopinont <jf the spermatids (young spin'iinito/oa). 
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secondary spermatocytes, and the primary oocyte t«) the secondary ofic^ and the 
fl»t polar body ; the two secondary spermatocytes give origin to four spermatozoa, 
sfA the secondary obeyte and firat polar body to four cells, the maturrovurn and 
thwa polar bodies. In the development of the spermatozoSn, as in the maturation 
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FERTILISATION OF THE OVUM 

of the ovum, there is a reduction of the nuclear chromosomes to one-half of those 
present in the primary 8permatoc3rte. But here the similarity ends, for it must 
be noted that the four spermatozoa are of equal size, and each is capable of fertilisiniyr 
a mature ovum, whereas the three polar bodies are much smaller than the mature 
ovum,- incapable of further development, and may be regarded as abortive ova. 


FERTILISATION OF THE OVUM 

Fertilisation consists in the union of the spermatozoon with the mature ovum 
(fig. 67). Nothing is known regarding the fertilisation of the human ovum, but the 
various stages of the process have been studied in other mammals, and from the 
knowledge so obtained it is believed that fertilisation of the human ovum takes 
place in the lateral or ampullary part of the uterine tube. The fertilised ovum is 
then conveyed along the tube to the cavity of the uterus -a journey probably 


Fig. 07. — Tho process of fertilisation in the ovum of h ipoiise. (After Sobotta.) 



occupying seven or eight days, and during which the ovum loses its corona radiatti 
and zona striata and undergoes segmentation. Soinetmies the fertilised ovum is 
arrested in the uterine tube, and there undergoes development, giving rise to a tuhal 
pregiiancy ; or it may fall into the abdominal cavity and produce an ahdouiiml 
^pregnancy. Occasionally the ovum is not expelled from the Graafian follicle when 
tho latter ruptures, but is fertilised within the follicle and produces what is known 
as an ovarian prfyjnamy. Under normal conditions only one spermatozoon enters 
the yolk and takes part in the process of fertilisation. At the point where the sper- 
matozoon is about to enter, the yolk is drawn out into a conical elevation, termed 
the COW6 of attraction'. As soon as the spermatozoon lias penetrated the yolk, the 
peripheral portion of the latter is transformed into a membrane, the vitelline mem- 
brane^ which prevents the entrance of additional spermatozoa. Occasionally a 
second spermatozoon may enter the yolk, thus giving rise to a condition of poly- 
spermy ; when this occurs the ovum usually develojis in an abnormal manner and 
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gives rise to a monstrosity. Having pierced the yolk, the spermatozoon loses its 
tail, while its head and connecting piece assume the form of a nucleus containing 
a cluster of chromosomes. This constitutes the male 'pronucleus, and associated 
with it there are a centrosomsj^ and centriole. The male pronucleus passes more 
deeply into' the yolk, and the granules of the cytoplasm surrounding it become 
radially arranged. The male and female pronuclei migrate towards each other, and, 
meeting near the centre of tlie yolk, fuse to form the segmentation niideus which 
thus contains both male and female nuclear substance ; the former transmits the 
individualities of the })ateTnal, the latter those of the maternal ancestors, to the 
future embryo. By the union of the male and female pronuclei the number of 
chromosomes is restored to that present in the nu(?lei of the somatic cells. 

Fio. 68. — First stages of segmentation of a inamnialiaii oviuii ; semidiagraininatic. 

(From a drawing by Allen Thomson.) 
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z.p. Z^mrt s-trlata, p.gl. Polar bo«Uos. a. T\v«>-cell sljo{e. h. Koiir-coll stage*, e. Eight-cell stage. 
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In some insects the primary oiicyte (*.ontains twenty-four chromosomes, and the 
primary spermatocyte, twenty-three. The mature ovum and the polar bodies 
each contain twelve chromosomes, w'hile half the spermatozoa contain twelve, and 
the other half, eleven. It is maintained that if the mature ovum be fertilised by a 
spermatozoon with eleven chromosoinos, the resulting embryo is a male, but if it be 
fertilised by a spermatozoon with twelve chromosomes, a female embryo is produced. 


SEGMENTATION OF THE FERTILISED OVUM 

The early segmentation of the human ovum has not yet been observed, but 
from what is known to occur in other mammals it may be regarded as certain that 
the process starts immediately after fertilisation, i.e. while the ovum is in the uterine 
tube. The segmentation nucleus exhibits the usual mitotic changes, and these 
are succeeded by a division of the fertilised ovum into two cells of nearly equal size.* 

* 111 the mammalian ova the mitritivu yolk or denteroplasni is small in amount ahd uniformly 
distributed throughout the cytoplasm ; such ova mifWgo coinpMp division during the process 
of segmentation, and are therefore termed hofotj/astic. In the ova of birds, i-cptiles, and fishes, 
where the nutritive yolk forms by far the larger portion oi tlie egg, the cleavage is limited to 
th« formative yolk, and is therefore only parfifil ; such o\a ai e termed merohfdutic. Again, it 
has been observed, in some of the lower animals, that tlm iironiiqlei do not fuse but merely 
lie in apposition. At the commeiicoinent of the segrmmtation process the chrumusomes of 
the two pronuclci group themselves around the equator U the nuclear spindle and then divide ; 
an equal number of male and female chrrmiosomes travel to the opposite polos of the spindle, 
and thus the male and female proniiolei subscribe wiual shaivs of chromatin to the nuclei of the 
two cells which result from the subdivision of the fertilised ovunu 
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The process is repeated again and again, so that the two cells are succeeded by 
four, eight, sixteen, thirty-two, and so on, with the result that a mass of cells is 
found within the zona striata, and to this mass the term morula is applied (tig. 68). 
The cells of the morula, at first closely aggregated, itoon arrange themselves into an 
outer (Jr peripheral layer, the trophciblasi, which takes no part in the formiilion 


Fig. U9. — lilastodcrmic vesicle of V'espertilio niurir.iis. (After van nciiedcn.) 
Inner ceU-ma»» 



Fig. 70. — Section through embryonic disc of Vi'spcrtilio rnurimi*^. (After vjui 



Fig. 71. — Section through embryonic disc of VcsjK'rtilio inurinus to sliow llic 
formation of the aniniotic cavity. (.>flcr van Thmechn.) 



of the embryo proper, and an invm cell-mass^ from which the embryo is developed. 
Fluid collects between the trophdblast and the greater part of the inner cell-mas^, 
and thus the morula is converted into a vesicle which is named the segmentation 
cavity (fig. 69). The inner cell-mass remains in contact, however, with the tropho- 
blast at one pole of the ovum ; this is named the embryonic poky since it indicates 
the situation where the future embryo will be developed. In the human ovum 
(figs. 72 to 74) the segmentation cavity is occupied by delicate strands of mesoderm 
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(magma reticule or primitive mesoderm). The fibrils of the ma^ma 
continuous with those of the chorionic mesoderm, and its tissue is identica 
the mesoderm of the chorion (Mall). Clefts appear in tlie magma reticule and ru 
together to form the extra^cmbryoifiic coelotn, which at first assumes the form o 
slitdike clefts, one on either side of the embryonic disc (fig. <4). • 

The trophoblast differentiates into two strata: an outer, the 
syncytiotrophoblast, consisting of a layer of protoplasm studded with niiclw, u 
showing no evidence of subdivision into cells ; and an inner, the cylotropnobm 
or layer of Langhans, in which the cell-outlines are defined. As alreadv stated, the 
trophoblast takes no sliawi in the formation of the embryo proper ; it forms the 
ectoderm of the chorion and jdays an important part in the imbedding of the 
in the uterine mucous membrane, and in the development of the placenta. Ihe 
inner celLmass divides into a dorsal, ectodermal, and a ventral, cntodermal, part. 
Spaces appear betvreen the cells of each part and coalesce to form a cavity the 


Fjo. 72 . — Di.agmiri showing 
first differontiatinn of inner 
cell -mass. 
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Fio. 74 , — Diagram showing commencing ha-mation of t‘xtra-cmbr^nnic cctlom. 
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cavity iij the ectodermal port is uamed the tmniolic cavity, that in the cntodermal 
part, the archmiteron (figs. 72, 73). The floor of the amniotic cavity is formed by 
the emhrymic disc compsed of a layer of prismatic cells, the embtyonio ectoderm, 
which is in apposition with tho entoderm of the archenteron. 

Fonnation of the mesodeim— the primitive streak— The development of 
the mesoderm has not been observed in the human ovum, seeing that it ii already 
present in the youngest human ova that have been examined. From what has 
been olwerved in other animals it may be concluded that the primitive streak Vs 
its principal source. The embryonic disc becomes oval and then pear-shaned 
Near its narrow, posterior end an opaque streak, the primitive streak (fi^ 76) makes 
its appearance and extends along the middle of the disc for a considerable part of 
its length ; at the anterior end of tho streak there is a knob-like thickening of the 
ectoderm termed Hensen’s knot. A shallow groove, the primitive groove apwars on 
the surface of the streak, and the anterior end of this groove communicates with 
the archenteron through an aperture named the hlastopore. The primitive streak 
is produced by a thickening of the axial part of the ectodeim, the cells of which 
multiply and blend with those of the subjacent entoderm (fig 76 hi ly yl Fro 
the primitive streak a third layer of cells, the iHescHferw, ‘ extern^ between 
ectoderm and entoderm. . “ ' 
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The extension of the mesoderm takes place throughout the whole of the embryonic 
and extra-embryonic areas of the oviim, except in certain regions. One of these, 
is seen immediately in front of the neural tube. Here the mesoderm grows forwards 
in the form of two crescentic masses, which meet in the middle line so as to enclose 
an area which is devoid of mesoderm. Over this area the ectoderm and entoderm 
are in contact with each other and constitute a thin membrane, the buccopharyngeal 
membrane, which forms a septum between the stojnodoDum or primitive mouth and 
the fore-gut or head-end of the primitive digestive tube. Where the lateral crescents 
of mesoderm meet in front of the buccopharyngeal membrane, the pericardium is 
afterwards developed, and this region is therefore designated i-he pericardial area. 
At the hind end of the embryo the ectoderm and entoderm are also in contact, 
and here they form the cloacal membrane. 

The embryonic disc now consists of three layers, named from without inwards, 
ectoderm, mesoderm, and entoderm ; each has distinctive characteristics and gives 
rise to certain tissjiea of the body. 


Fig. 75.— Surface view of embryo of Hylobate.s concoloi*. (After Sclonka.) 
(From Quain’.s Klcments of Anatomy, vol. i. Embryology.) 
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The amnion has been oiieiuMl to expose the embryonic disc. 


The ectoderm consists of columnar cells, which are, however, somewhat flattened 
or cubical towards the margin of the cmbiyouic disc. Tt forms the whole of the 
nervous system, the epidermis of the skin, the lining cells of the sebaceous, sudori- 
ferous and mammary glands, the hairs and nails, the epithelium of the nose and 
adjacent air-sinuses, and that of the cheeks and roof of the mouth. From it also 
are derived the anterior lobe of the hypophysis cerebri, the epithelium of the cf)rnea, 
conjunctiva, and lacrimal glands, the neuro-epithelium of the sense-organs, and the 
enamel of the teeth. 

The entoderm consists at first of flattened cells, which subsequently become 
columnar. It forms the epithelial lining of the whole of the digestive tube excepting 
part of the mouth and pharynx and the terminal part of the rectum (wliich are 
lined by involutions of the ectoderm), the lining cells of all the glands which open 
into the digestive tube, including those of the liver and pancreas, the epithelium of 
the auditory ^tube find tympanic cavity, of the trachea, bronchi, and air-cells of the 
lungs, of the urinary bladder and part of the urethra, and that which lines the 
follicles of the thyreoid gland and thymus. 
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The mesoderm consists of loosolv arranged 
considerable amount of intercellular fluid. From it the remaining «sb 


Flo. 76.— Series of tmiisver-c sections tl.roii}>h the einbr.vomc 

Hubrocht.) (From ynaiu’s Klemeiits of Vnatomy. vol i. Lmbryolow. 
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Sociioti I passes through the disc, in fnwit of Heiisen's knot, atul show^ onlj the eetodenii and 
entoderm. Scrtioiis II, Ilf, and IV pas:* through Hciiseii’s knot, ^hicU is seen in V tapering aw.ay 
into tJie primitive streak. In ill, TV, Jiiui V the mesodenii is seen springing from the keel-llke thickik*n- 
liig of the ectoderm, which in III and IV is ot>.scr\ed to be continuous into tin; entodeini. 


Fig. 77. — Dinymni showin*; cxteusioii 
t)[ inr.souorin. 
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body are developed. The endothelial lining of the heart and blood-vessels and 
the blood-corpuscles are, however, regarded by some as being of entoderma) 
origin. 

As the mesoderm spreads betvreen the 
ectoderm and entoderm it is separated for 
a time into lateral halve.s by the neural 
tube and notochord, piesently to be 
described. A longitudinal groove appears 
on the dorsal surface of either half and 
divides it into the 'paraxM mesoderm 
which adjoins the neural tube and noto- 
chord, and is subsequently divided into 
the primitive segments, and a lateral 
portion, the lateral mesod^m. The meso- 
derm in the floor of the longitudinal 
groove between the paraxial and the 
lateral mesoderm, is known as the inter- 
meSi/ijoJte ceU'inass \ the ^ genito-urinary 
organs are developed in it, and for this 
reason it is sometimes named the n^hroge^iic cord. The lateral mesoderm splits 
into two layers, an outer or somatic, which adheres to the inner surface of the 
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ectoderm, and •with it forms the somatopleure ; and an inner or sflamhnic^ which 
adheres to the entoderm, and with it forms the splanchnopleure (figs. 79, 82). The 
apace between the two layers of the lateral mesoderm is termed the cMom. 


THE NEURAL GROOVE AND TUBE 

In front of the primitive streak two longitudinal ridges, caused by a thickening 
and upfolding of the ectoderm, make their appearance, one on eitlier side of the 
middle line (fig. 79). These are named the nmral folds ; they commence near the 
anterior end of the embryonic disc, where they are continuous with each other, 
and gradually extend backwards, one on cither side of the anterior end of the 
primitive streak. Between the neural folds is a shallow median groove, the neural 
(jroove (figs. 79, 80). This groove gradually deepens, and the edges of th(i folds 
meet and coalesce in the middle line and convert it into a closed tube, the neural tube 
or canal (fig. 82), the ectodermal wall of which forms the rudiment of the nervous^ 
system. By the coalescence of the neural folds over the anterior end of the primitive 
streak, the blastopore no longer opens on the surface but into the neural tube, 
and thus a transitory communication, named the neurenteric cayial, is (‘stablished 
between the neural and primitive digestive tubes. Closure of the*, neural gnM»ve 
occurs first in the region of the hind-brain, and from there extends forwards and 
backwards ; towards the end of the third week the anterior opening {anterior 
neuropore) of the tube closes, and forms a recess which is in contact, for a time, with 
the overlying ectoderm ; about the same time the posterior opening or posterior 
neuropore is closed. Subsequently the paraxial mesoderm grows round the neural 
tube, and separates it from the overlying ectoderm. Before the neural groove is 
closed a ridge of ectodermal cells appears along the prominent margin of each 
neural fold ; this is t<u‘med the neural crest or ganglion-ridge (fig. 78), and from it 
the spinal and cerebral nerve-ganglia, the ganglia of the sympathetic nervous 
system, and the chromaffin bodies are developed. 


Fift. 7f<. — Two stages in the clevolojnnont of the neural en'sh in the human bo(I\ 
• (Lenhossek.) 




The cephalic end of the neural groove exhibits several dilatations, the cavities of 
which, whqn the tube is closed, assume the form of three vesicles ; these constitute 
the three primary cerebral vesicles, and correspond respectively to the future 
proserhcephalon (fore-brain), mesencephalmi (mid-brain), and rhombenc^Jialon 
(hind-brain) (fig.' 81). The walls of the vesicles are developed into the nervous 
tissue and neuroglia of the brain, and the cavities of the vesicles are modified to form 
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the ve&tricles of the brain. The remainder of the neural tul^ ^°^*'^i;fl^plinients 
spinalis or spinal cord ; its ectodermal wall forms the nervous and neur g 
and its cavity the central canal of the medulla spinalis. 


Pio, 79.— A series t»t' trau.svt*rso sections through ‘in eiiihoo ('f the dog. ( Aitcr Louint.) 
(From Quaiu's Khmn^nts ol‘ Anatom;) , voi. i., Ktubi>oog\.) 

Section 1 is the most anterior. In V the noiiml plate is spread out 

Tho series shows the uprising of the mural folds t») hirm the ui-uia cana 
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into somatic (m) and splanchnic (.'(y» layers of mesoderm ; mvs, mesoderm ; «, nerieardiiim • 
pmuUive, HCirment. * muu , «», 


THE NOTOCHORD 


The notochord (fig. 82) constitutc.s the foundation of the a.\ial skeleton since 
around it the segments of the vertebral column are formed ; its appeaWe syn- 
chronises with that of the neural tube. It grow.s forwards as a rod of cells from 
the anterior end of the primitive streak, and is at first intimately conbected with 
the entoderm underlnng the neural groove. It soon separates from the entoderm 
and, the separation is ater emphasised by the mesodeim which grows medialwards 
ajid surrounds It. When fully formed it extends throughout the length of the 



tube and notochord, the slmll the vertebral columuT'aJId th“ m3rlJSluL”£ 
and medulla apinabs are developed. 
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THE PRIMITIVE SEGMENTS 

Towards the end of the second week transverse segmentation of the paraxial 
mesoderm begins, and converts it into a series of well-defined, more or less cubical 
masses, the frimitive segtnents (figs. 81, 82, and 83), which extend from the occipital 
region of the skull along the entire length of the trunk on either side of the middle 
line. Each segment contains a central cavity (myoccel) which, however, is soon filled 
with angular and spindle-shaped cells. 

The primitive segments lie immediately under the ectoderm on the lateral aspect 
of the neural tube and notochord, and are connected to the lateral mesoderm by the 
intermediate celhmass. Those of the trunk are divisible into the following groups, 
viz. : cervical 8, thoracic 12, lumbar 5, sacral 5, and coccygeal from 5 to 8. Those 
of the occipital region of the head are usually described as being four in number. 
In mammals primitive segments of the head can only be recognised in the occipital 
region, but a study of the lower vertebrates leads to the belief that they are present 
also in the anterior part of the head, and that altogether nine segments are, repre* • 
sented in the cephalic region. 



FORMATION OF THE EMBRYO 

The embryo increases rapidly in size, but the circumference of the embryonic disc, 
or line of meeting of the embryonic and amnio tic parts of the ectoderm, is of rela- 
tively slow growth and gradually forms a constriction between the embryo and tlio 
greater part of the archenteron. By means of this constriction, which corresponds 
to the future umbilicus, the dorsal part of the archenteron is enclosed within the 
embryo and constitutes the 'primitive digestive tube ; the ventral part is left outside 
the embryo jand constitutes the ijolk-sac. 

The embryo grows more rapidly in length than in width, and its cephalic and 
caudal ends bend in a ventral direction to form the cephalic and caudal folds respec- 
tively (figs. 89 and 90). The cephalic fold is first formed, and the forward growth 
of the head necessarily carries with it the posterior end of the pericardial area, so 
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that this area and the buccopharnygeal membrane are folded undbr the 
th« embryo. A diverticulum of the archenteron, named the w enciorea 

in the cephalic fold. The caudal end of the emb^o w connoted to the ctoonon 
by a band of Tncsoderm called the body-stalk, but with the continued gro 


Fig. B1.— Chick embryo of thirty-tlivcc houis* iiicubatinii, viewed froi 
aspect. X (From Ihival’s Atlas d Lmbryolof^io.) 
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end and the formation of the caudal fold the body-stalk assumes a ventral position ; 
a diverticulum of the archenteron extends into the caudal fold and is termed the 
hindrgut. Between the fore-gut and the hind-gut there exists for a time a wide 
bpening into the yolk-sac, but the relatively slow growth of the latter reduces it 
to a small pear-shaped sac (sometimes termed the umbiMcal mide), and the /’.hftnnol 
of communication is at the same tiine elongated to form a narrow tube called the 
vitdKne duct. 




THE YOLK-SAC 
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THE YOLK-SAC 

The yolk-sac (figs. 84 and 85) is situated on the ventral aspect of the embryo ; 
it is lined by entoderm, outside of which is a layer of mesoderm. It is filled with 
viteUine jluidy which is possibly utilised for the nourishment of the embryo durinu; 


Fio. 82. — Transverse; section of a chick embryo or ioitv-fivi' hours' iiiciibaiiou. 

(Dalfoiir.) 



the earlier stages of its existence. Blood is convoyed to the wall of the sac by the 
ventral branches of the primitive aortas, and, after circulating through a widc-meshed 
capillary jfiexus, is returned by the vitelline veins to the tubular heart of the embryo. 
By moons of this circulation nutritive material is absorbed from the yolk-sac and 
conveyed to the embryo. At the end of the fourth week the yolk-sac presents the 


Fto. 83. — J>ors\iin (if hiiTnan embryo. 2*11 nun. in loigth. (Alter Kt(‘rno(l.) 



appearance of a email pear-shaped vesicle (umbilical v^cle) opening into the 
dwstive tube by a long narrow tube, the vMiik duct. The vitelline duct loses its 
attecbment to the digestive tube, and as a rule underg^s complete obliteration 
during the seventh week, but in about two per cent, of ca«a its proximal part 
persiste as a diverticulum {Meckd’s diverimdum) from the small intestine, situated 
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about one metre above the ileocolic junction, and sometimes attached by a fibrous 
cord to the abdominal wall at the umbilicus. A narrowing of the lumen of the ileuin 
is occasionally found opposite the site of attachment of the duct. 


FlCi. 84. — Section through the ernbr\u which is represented in tig. BO. 
(Alter Graf Spec.) 



FfO. Sri.-- Ifiiniaii tmbrvd ol ‘2*0 nun. (lli^.) 
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The umbilical vcsiclo can be seen m the aftei-birtb as a small somewhat oval- 
sb^ped body witb a diameter of from 1 to 5 mm. ; it is situated between tbe anZn 
and tbe cborion, and may lie on, or at a variable distance from tbc placwta 
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FOBTAL MEMBRANES AND THE PLACENTA 

The allantois (figs. 84, 89, 90). — The allantois arises as a tubular diveriiculuiu of 
the’ posterior part of the archenteron ; when the hind-gut is developed the allantois 
is carried backwards with it, and then opens from the cloaca or terminal j)art. of 

Fto. 86. — Foetus of about eight weeks, enclosed in the amnion. Magnified a little 
over 2 dianiettjrs. Drawn from stereoscopic pliotograplm lent by Prof. A. 
Thomson, Oxford. 



the hind-gut : it extends into the mesoderm of the body stalk which connects the 
tail end of the embryo with the chorion. Tlie allantoic diverticuiiim is lined by 
entodenj^ and covered by mesoderm, and in the latter are umbilical vessels.* 

* In reptiles, birds, and many mamiuals the allantois expands into a vesicle which projeois 
into the oxtra-einhryunic oadom. If its hirtlier development be traced in the bird, it is seen to 
lIr«>joct to the right .side of the embryo, and, gnidnally expanding, spreads over the dorsal sm tace 
of the embryo as a flattened sao between the amnion and the serosa (p. 61*), and ultimately sur- 
rounds the yolk. Its outer w'all becomes apjilied to, and fuses with, the .serosa, which lies 
immediately inside the shell membrane. Blood is carried to the allantoie sac l»y the twt> 
allantoic or umbilical arteries, wdiich are continuous with the primitive aorta*, and after circu- 
lating through the allantoic capillarie.H, i.s i-ctumcd to the primitive heart by the two umbilical 
veins. In this way the allanit)ic circulation, which is of the iitiiio.st iiiiportaneo in (Kainexion 
with the respiration and nutrition of the chick, is established. Oxygen is taken from, and 
carbonic acid is given up to the atmo.sphcro through the egg-shcJI, and nutritive materials we 
at the same t^me absorbed by the blocal from the yolk. With the hn'ination of the amnion the 
emluyo is, in most animals, entirely separated from the chorion, and is only again united to 
the chorion when the allantoie inesodei'm spreads over and becorne.s applied to its inner .surface ; 
but the human embryo, as was pointed out by His, is never wholly separated from the chorion, 
its tail end l)eiiig from the first connected with the eliorion by moans of a thick band of meso- 
derm, named the ho^y-fitalk (Bauchstiel). 
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The amnion is a membranous sac which surrounds and protects the embryo ; it 
is developed in reptiles, birds, and mammals, but not in amphibia and lishos. 

In the human embryo the earliest stages of the formation of the amnion have not 
been observed ; in the youngest embryo which has been studied the amnion was 


Flo. 92. — Transverse section of umbilical eorrl. 


Umbilical artery 
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already present as a closed sac (figs. 87 and 94), and, as indicated on page 50, appears 
as a cavity in the ectodermal part of the inner cell-mass. This cavity is roofed in 
by a stratum of flattened ectodermal cells, the amniotic ectoderm, and its floor 
consists of the prismatic ectoderm of the embryonic disc -the continuity 
between the roof and floor being established at the margin of the embryonic disc. 

Fig. 9M. — Drawing of a modol of a Unman ornbryo ] '3 mm. long. (After Ktcrnotl.) 



Outside the amniotic ectoderm is a thin layer of mesoderm, continuous with that of 
the somatopleure and connected by means of the body-stalk with the mesodermal 
lining of the chorion.* 

* In reptiles, birds, and many mammals the amnion is developetl as follows At the con- 
striction where the primitive digestive tube of the embryo joins the yolk-sac, a rotleotion or 
upfoldlng of the soilaatopleure taices place. This, the amniotic fold, first makes its appearanCe 
at the oephalfo end, and subsequently at the caudal end and sides of the embryo, and gradually 
rising more and more its different parts pieet and fuse over the dot'sal surface of the embryo, 
and enclose a cavity, the amnidic cavity. After the fusion of the edges of the amniotic fold, 
the two layers of the fold seimrato ; the inner forms the amnion, the outer, the falsa amnion or 
scroea. The space l^tween Uie amnion and the serosa constitutes the extra-embryonic ctvloni, 
and for a time communicates with the embryonic owlom. 
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. Huidi: termed liqmr amnii, appears within the anuuotic cavity ® 

ste^ily ^ amount, so that the sac gradually expands and encroaches on the cavity 
of the extta^embryonic coelom; this expansion contmues until the extra-embryomc 
coelom is obliterated. The liquor amnii increases in quantity up to the sycth or 
wventh month of pregnancy, and then diminishes somewhat ; at the 
nancy it amounts to about 1 litre. It allows of the free movemente of the loetiw 
during the later stages of pregnancy, and also protects it by diminishing the risk 
of injury from without. It contains less than two per cent, of solids, consisting ot 
urea and other extractives, inorganic salts, a small amount of protein, and frequently 
a trace of sugar. 


Fio. 91 . — Section through an ovum iinbeddeo in the uterine decidua. 
Scmidiagranimatic. (After Peters.) 
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Tho body'Stalk and nmbilieti cord. — The body-stalk (figs. 84, 89, 00, 93) is a 
of mesoderm which from the first connects the tail end of tho embryo yith the 
chorion. Extending into the proximal part of it is the canal of the allantois, and 
running through it from the embryo to the chorion are the nmbilical vessels. Its 
dorsal surface is covered by the amnion and its ventral surface is bounded by the 
extra-ombi^onic coelom. As a result of the folding of tho embryo and the distension 
of the amnion the body-stalk comes to lie on the ventral surface of the embryo, and 
its mesoderm approaches that of the yolk-sac and vitelline duct (fig.. 90). As a 
conSeg,uence of the continued expansion of the amnion the extra embryonic ccelom. 
is obliterated (fi^. 90, 91), the vitelline duct is elongated, and the mesoderm of the 
amnion blends with that of the vitelline duct and body-stalk ; by this fusion a solid 
cord, tho vnMiad cord, is formed (fig. 91) and connects the embryo to that portion 
<^,tihe oborion which will form the f cetal part of the p Wttn ta ™ ^ 

The umbilical cord (figs. 92, JOO) is envelop by the amniotic ectoderm and 
consbtS of a core of ^tinom tissue (jdly of Wharton) in which the umbilical 
vesiieu, the allantoic diverticulum, and the vitelline duct and vessds are i^nydd e d 
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The allantoic diverticulum and the vitelline duct and vessels undergo obliteration 
and atrophy^ but traces of them may be seen up to the fourth month or later. The 
umbilical cord becomes spirally twisted, owing, it is believed, to the unequal growth 


Fio. 9o. — Primary cliorionic villi. (Diagrammatic.) (Modified from Bryce.) 
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<jf the two umbilical ai-tcries , it mcreaa in length so that at the end of preg- 
nancy it averages about 50 cm 

Implantation or imbedding of V i fertilised ovum in the uterine wall. — As already 
stated (page 47), fertilisation of the ovum is believed to occur in the lateral or 
ampullary end of the uterine tube, and is immediately followed by segmentation. 
The segmenting ovum is conveyed along the uterine tube to the cavity of the uterus, 


Fig. 96. — 3lpcondary chorionic villi. ( Diagiainnmtic.) (iVlodified frotn Bryco.) 
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the* journey occupying seven or eight days. By the time it reaches the uterus it 
possesses a Well-developed trophoblast. The ovum adheres like a parasite to the 
uterine mucous membrane, destroys the epithelium over the area of contact, and 
ex<^avate8 for itself a cavity in the mucous momhiane in which it becomes imbedded. 
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ftO ‘t>vtHni’'^«sctibed by Br 3 rce and Teacfiter* the point of entt^ce of the 
into ’tho uteri^^ mucous membrane was visible as a smalbpap closw oy ^ ^ 

fiton ^nd leticocytes ; in an ovum described by Peters t the opening was cove 
by a mushroom-shaped mass of fibrin and blood-clot (f%. 94), the narrow 
which plugged the aperture in the mucous membrane. Soop, *“. • 

of the opening is lost, and the ovum is then completely surrounded by the uteri 
mucous membrane, , ' 

, The structure actively concerned in excavating the uterine mucous ^ 

is the trophoblast. This increases rapidly in thickness, invades and 
uterine tissues, destroys the epithelial cells of the uterine glands and the walls o 
the uterine (maternal) blood-vessels (fig. 94 j ; at the sama time there ^ 

trophoblast numerous anastomosing spaces which are filled with maternal Woo . 
These spaces expand to form what is ultimately known as the intervillous 
and the trophoblast is separated into a number of branching processes named the 


Fio. 97.— Transverse section of a cl )or ionic villus. 
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'primary chwionic villi (fig. 95) which are bathed in the maternal blood. Cores of 
mesoderm, containing branches of the umbilical vessels, soon invade these primary 
yUli and convert them into secondary chorion 'c villi ;figs, 96, 97). 

The de 9 idua.~^Befdre the fertilised ovum reaches the uterus, the mucous mem- 
brane of the body of ^e uterus undergce^^ -mportant changes, and is then known 
as t]fe ietMua, v The thickness and vascularity of the mucous membrane are greatly 
increased j. ife glands are elongated and open on its free surface by funnel-shaped 
orifices, while their deeper portions are tortuous and dilated into inegular spaces. 
The interglandular tissue is also increased in quantity, and is crowded with large 
round, gV^l, or polygonil^ cell^ termed cells. These changes are well 

advanc^ by tiie second month of^regnancy, when the Wcous membrai)|e consists 
of the folli)winif'|trata "(fig. 98) : (1) stra^m compactum, next the free surface ; 
in tlil jpic uterine glands are only slightly ex^andda,,and are liiied by columnar 
cellsTt?) dj^giosum, where the uterine .glands are greatly mlated and 

very toiictuous, and 'are ultimately separated^Jronf oner-' another by ofily a small 
amount of inter^ndulat tpue; for^^,time the cells lining the glands are 
cylin,dric|l, but" meu they ^Become f^TOned ; s (3)^ a . ttin UmMingmot bounda^ 
%er^ne^^%j* uterine ^musculart^^ deepest parts of the 

tiberine glan&s,. which are not dilat^, and are lined with cubical epithelium; it 
from this epitheliuT«fct%at the epithelial lining ot the utenH is legefierated after 

,, to m study cl; w oari^evolgpment and imbuing of the human ovum, 

■ 

l^ibeUtiHg dks jAascftlfebsii 1890. 
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THE CHORION 


After the ovimi is imbedded distinctfve names are applied to difEercnt portions 
the decidua. The part?which covers in the ovum is named the decid^m capsubjiris ; 
‘>^e portion betweei^jthe ovum and the uterine muscular wall is named the dccidm 
basalis or decidua phcentalit: it is here that the placenta is subsequently developed ; 
^ the *part which lin^es the re- 
mainder of the body of the uterus Fig. 98.— Diagrammatic sections oi the uterine 
is known as the decidua vera or mucous membrane; (a) of the non-pregnaiit 

decidua parietalis. ' utcims: (b) of the pregnant uterus, allowing the 

Ooincidently with the growth thickened mucous mcmbi’ane and the altered 

of the embryo, the decidua condition of the uterine glands. (Kundrat and 

ca^lsularis is thinned and dis- Kogelmann.) 

tended (fig. 99) and the space 
between it and the decidua vera 
is gradually bblitarated. By the 
beginning of the third month 
pregnancy the decidua capsiilf\ - 
and decidua vera are in contact ; 
by the fifth month of pregnan* y 
the decidua capsularis has practi- 
cally disappeared, while v 
the succ*eeding months the i* .■ 



sp'jngiosum 


dua vera also undergoes r ‘ ro’^ “ y. 
owing to the increased pr<*5- 
The glands of the stratum 
pactum are obliterated, ! 
their epithelium is lost ; in - i ■ 

stratum spongiosum the gUiuds , 

are compressed and * | 

slit-like fissures, and the” 3 ;, 
thelium undergoes degenc»\^*’oV 
in the limiting ot boundar y . 
however, the jrlandnJaA *t* 
lium rotaias a cubical form. 

The chorion (figs. 89 to 95 
and 95 to 9?).- The , u . 
consists of twO layers : an nnlei 
of trophoblwst, and an inner )f 
mesoderm. The trophoblast con- 
sists o£ an internal layer tno 
cytotrophoblast or layer of Lang- 
hans, and an external layer, the 
syncytiotrophohlast. As. staced 
(page 64) it "undergoes rapid 
proliferation and forms, on the 
surface of the chorion, numerous 
processes, the primary chorionic 
villi (fig. 95) ; these increase 
in size^ and ramify, "and the TAmit\^g or 

chorionic ^mesoderm, carrying bouniiarj^ Uiifcr 

branches of the umbilical vc.sse]^, 
grows into them, and in this Way Mm^mnar fibres^ 

they are converted into secor^ry 
chorionic viUi (fig. 96). Blood is , f 

carried from Jhe embryo to the^choripni]^the umbiBcal tfrtpries, and after circu- 
lating through the capillaries of the villi, is returned to the embryo by the ifebilical 
veins. Until aboijjt the end of jfie second montii of pregnancy the tilH cover thet 
entire chorion, arc almost uniforea in size, aud^project into decidua placentalis 
and decidua capsularis (fig. 99). With the gro^h of the einmyo and the eS 5 )ansion* 
of the amniotfc cavity the decidua capsularis fe thinned and compresibd, the circula-* 
tion through it is gradually cut oil, and the villi olthe ^corresponding part of the 
chorion atrophy and disappear. Thia portion oPthe chorion becomes smooth 
{chorion lceve} ; and, as it takes no share in the formatioi) of the placenta, is sometimes 
named the non-placehtal part of the chorion. On the other hand, the on that 


TAmit^g or 
boumkirjf layer 


Mnstcvlar fibres _ 
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pwt of .the ohoiion which is in contact with the decidua placentalil increase greatly 
ia fidae and complexity, and hence this part is named tie chori^ frctndosnm 
90 , 91 ), 

Tbe placenta (Jigs. 99 to 101). — The placenta connects the foetiis to the uterine 
wall, and is the organ by means of which the nutritive, respiratory, and excretory 
' functions of the foetus are carried on. It is composed of foetal and maternal parts. 

The foetal jioiiion of the jjiacenia consists of the villi of the chorion frondosum. 
which branch repeatedly, and increase enormously in size. The ends of some of 
them are anchored by columns of trophoblast to the walls of the intervillous space, 
but tl\o majority hang free in this space. Alt are bathed in maternal blood, which 
is conveyed to and from the space by tKe uterine vessels. Blood is carried from 
4he embryo to the placental villi by the umbilical arteries, and returned to the 
embryo by the umbilical veins. One or two branches of an artery enter each villus 
and there end in a capillary plexus which is drained by one or two tributaries of 


Flo. 99. — Sectional i)lnn of the gravid uterus in the third month, 
(^fodified from AVagucr.) 
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the veins. The vessels of the villi are surrounded by a thin layer of mesoderm 
which is covered by the two strata of the trophoblai^t, the cytotrophoblast or layer 
of Langhans being in contact with the mesoderm, and the syncytiotrophoblast in 
contact with the maternal blood (fig. 101). After the fifth month the two strata of 
cells are replaced by a single layer of somewhat flattened cells. 

The maternal portion of the placenta is formed by the decidua placentalis containing 
the intervillous space. As already explained, this space is produced by Ae enlarge- 
ment and intercommunication of the spaces in the trophoblast ; it is therefore 
lined throughout by syncytiotrophoblast. The formation of the intervillous space 
involves the disappearance of the greater portion of the stratum compactum, but 
the deeper part of this layer persists and is condensed to form what is known as 
the baml phUe ; this constitutes the outer wall of the intervillous space, and consists 
of a stroma coritaining decidual cells, portions of trophobJast mi jSnrMd svbstaiuie ; 
the last appears to be derived in part from the trophoblast and in part from the 
maternal plood. Between the basal plate and the uterine itescular fibres are i 
the stratum spongiostfci and the fimiting layer ; through th^e and the basal plate 
the uterine arteries and veins pass and intervillous space. Poisons j 

oh the stratiUQtt cqmpatl^m persist as pilia|9 which project into the intervillous 
' space, but these pillars do not^xtend, a» far as the choiion, except in the mar^Ual 
part of the placen^ ; later tl^ form the plae^ntal septa which incompletely di^dq 
. thhplw^ata into lobes or j 
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^laternal b&od is conveyed to tl]^ intervillous space by branches of the uterine 
arteries and carried away by tributaries of the uterine veins (figs, 100, 101). These 
vessels lo^ their muscular coats as they enter the basal plate, in which they consist 
of sinuous channels lined only by endothelium; these channels open into the 
intervillous space, the arteries ending near the placental septa and the veins beginning 
near the centres of the cotyledons. The endothelial lining of the uterine vessels 
ends where the vessels open into the intervillous space which is lined throughout 
by syncytiotrophoblast. The circumferential part of the intervillous space consists 
of an irregular channel named the marginal smm (fig. 101) ; this sinus partly 
encircles the placenta and communicates peripherally with the uterine veins, and 
centrally with the intervillous space ; clusters of placental villi project into it. 

Fig. 100. — Fatiis in utcro, between fifth and sixth months. 



The foetal and maternal blood-currents do not intermingle, being separated 
from ea^ other by the delicate walls of the villi. Nevertheless, the foetal blood 
is able to absorb, through the walls of the villi, oxygon and nutritive materials from 
the maternal blood, and give up to the latter its waste products. The blood, so 
purified, is carried back to the foetus by the umbilical vein. It will thus be seen 
that the placenta not only establishes a mechanical connexion between the mother 
and the foetus, but subserves for, the latter the purposes of nutrition, respiration, and 
excretion. Jn favour of the view that the placenta possesses certain selective powers 
may be mentioned the fact that glucose is more plentiful in the maternal than in 
the foetal blood. It is interesting to note also that the proportion of iron and of 
lime and potash in the foetus is increased during the last months of pregnancy. 
Further, th^ is evidence that the maternal lexicocytes may migrate into t|ie fcetol 
blood, since leucooylies arq much more numerous in the ^(pod of the umbilical vein 
than in that of. the umbilical arteries. 

The placenta is usually attached near the ftmdus uteri, and its site corresponds 
with that at which the ovum is imbedded. It ma^, however, occupy a Iflgmr level, 
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and jn veij rare cases occludes the internal orifice of the uterus, thtis gi^ing 

the condition known as placenta prama. , and membranes 

Separation of the puLui.-Miet the chdd is X sXSVt of 

(the latter consisting of the amnion, the chorion leave ■ exnelled as^the 
the decidua parietalis) are separated from the utenne fX““,XwnSBum 
after~birth. The separation takes place along the plane o orifices of the 

(ig. 101), and necc^arily causes rapture of the 

tom vessels are, however, closed by the firm contra jono opoaration of the 
fibres, and thus post-partum hamorrhage is prevented. After • ? ^ j jninf r 

placenta and membranes a thin layer of the stratum spongios 
to the uterus, but this layer subsequently undergoes degeneration, and s c^t ote 
The mucous membrane, the glands and the epithelial b®®R 
regenerated from the limiting or boundary layer of the r,oo mn 

The expelled placenta is a discoid mass which has a weight rm ft 

a diameter of from 16 cm. to 20 cm., and an average thickness of about i cm., dud. 


Fig. 101. — Scheme of placental circ\ilatioii. 
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the thickness rapidly diminishes near the circumference of the disc, which is coir» 
timions with the membranes. Its uterine or outer surface is divided by a series 
of fissures into lobules or cotyledons which are imperfectly separated from one 
another by the placental septa. Its foetal or inner surface is smooth, and is closely 
invested by the amnion. Seen through the latter, the chorion presents a mottled 
appearance, consisting of grey, purple, or yellowish areas. The umbilical cord is 
usually attached near the centre of the placenta, but may be inserted anywhere 
between the centre and the margin ; in some cases it is inserted into the memoranes, 
i.e. the velamentous insertion. From the site of the attachment of the cord the 
larger branches of the umbilical vessels radiate under the amnion, the veins being 
deeper and larger than the arteries. The remains of the vitelline duct and yolk-sac 
may be sometimes observed beneath the amnion, close to the cord, the former as an 
attenuated thre:^, the latter as a minute sac. 

On section, the placenta presents a soft, spongy appearance, caused by the 
greatly branched villi ; surrounding them is a varying amount of maternal blood, 
giving the dark rod colour to the placenta. , 

,3Se further growth of the embryo will be best understood from a description of 
the principal facts relating to the development of the chief systems of which the 
body consists. 
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The skeleton. — The skeleton is of mesodermal origin, and may be divided into 
(1) the axial skeleton, viz. that of the vertebral column, skull, ribs, and sternum, 
and (2) the appendicular skeleton, viz. that of the limbs. 

TOe vertebral column. — The notochord (fig. 82) is a temporary structure and 
forms a central axis, around which the segments of the vertebral coluum are 
developed.* It is derived from the anterior end of the primitive streak, and, when 
fully formed, consists of a rod of cells, which lies on the ventral aspect of the neural 
tube and reaches from the anterior end of the mid-brain to the extremity of the 
tail. On either side of it is a column of paraxial mesoderm which becomes sub- 
divided into a number of 


more or less cubical seg- 
ments, the primitive seg- 
ments (figs. 81 and 83). 
These are separated from 
one another by inlerseg- 
mental septa and are 
arrangetl symmetrically on 
either side of the neural 


Fig. 102. — Transverse section of a human embryo of the 
third week, to show the dilferentiation of the primitive 
segment. (Kollmann.) 


tube and notochord : to 


every segment a spinal 
nerve is distributed. At 


first each segment contains 
a central cavity, the 
myocodl, but this is soon 
filled with a core of 


angular and spindle- 
shaped cells. The cells of 
the segment are differen- 
tiated into three groups, 
which form respectively 
the cutis-plate* or derma- 
tome, the muscle-plate or 
myotome, 4Mid the sclero- 
tome (fig. 102). The cufis- 
plaJte is placed on the lateral 
and dorsal aspect of the 
myocoeJ, and from it the 
true skin of the correspond- 
ing segment is derived ; 
the muscle-plfUe is situated 
on the me^al side of the 


ao, aorta ; m.p., musde-plato ; n.r., neural canal ; sclerotome ; 
cutis-plate. 


cutis-plate, and furnishers 

the muscles of the segment. The cells of the sderotome are largely derived from 
those forming the core of the myocoel, and lie next the notochord. Fusion of the 
individual* sclerotomes in an anteroposterior direction soon takes place, and thus 
a continuous strand of cells, the scl^atogenous layer ^ is formed along the ventro- 
lateral aspects of the neural tube. The cells of this layer proliferate rapidly, and 
extending medialwards surround the notochord ; at the same time they grow 
backwards on the lateral aspects of the neural tube and eventually surround it, 
and thus the notochord and neural tube are enveloped by a continuous sheath of 
mesoderm (fig. 101), which is termed the mernbraywiLs vertebral column. In this 
mesoderm the original sclerotomes arc still distinguishable, but each is now differ- 
entiated* into two portions, an anterior, consisting of loosely arranged cells, and 
a posterior, of more condensed tissue (fig. 103, A and B). Between the two portions 
the rudiment*of the intervertebral fibrocartilagc is laid down (fig, 103, C). Colls 
from the posterior mass grow into the intervals between the myotomes (fig. 103, B 
'attd C) of the corresponding and succeeding segments, and extend both dorsally 


• In Amphioxus the ju>tix;hor(l persists and is the only representative of ,a skeleton in that, 
animal. 
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and Vent^y ; the dorsal extensions body-wall as the 

ftttare v^Dral arch, while the ventral . j_g ^be anterior iMSS of the 

ptboesses. The hinder part of the posterior j vertebral body is therefore 

rooceeding sclerotome to form the vertebral body, vene 

Fio, 108.— Scheme showing the j[aoen\ segme«^^ 

developed from portions of two ] jntervertebrai 

\Uvot0M, 

I Anterior portion of »eleroUme 
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a composite of two segments, being formed from the posterior portion oj 0 “® ^ 
the anterior part of that immediately behind it. The vertebral and costal arches 
are derivatives of the posterior part of the segment in front of the mtersegmental 

septum with which they are associated. , , , , i.;. 

This stage is succeeded by that of the caHilagincm verU^d- cduim. In the 
fourth week cartilaginous centres make their appearance on either side of the 
notochord ; these extend round the notochord and form the bodies, of the cartila- 
cinous vertebne. A pair of cartilaginous foci appear in the lateral parte of 
^h vertebral arch, and grow backwards on either side of the neural tjj^e to form 
the cartilaginous vertebral arch, and a separate cartilaginous centre appears for 
eabh costal process. In the eighth week the cartilaginous vertebral arch fuses with 


Fig. 104 .— Diagram showing (A) membranous and (13) cartilaginous stages 
of a typical vertebra. 



! body,. in the fourth month the halves of the veh unite on 

aspect of the neuxjA tube (fig. 104, B) ; the spinous process is developed 
'■ '1 ^ ^ the junction of the halves, of the vertebral arch. The transverse processes 
gj^ but from the. vertebral arch behind the costal processes. 

>' 41^ the uppey cerncal vettebr» a baud of mesodermal tissue connect^ the lateral 
; of vertebral arches across the ventral surfaces of the ihtemrtebral 
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fibrocartflageg. This is termed the hvpochordal bar or brace (fig. 105, A) ; in all 
except the atlas or first cervical vertebra it is transitory and fnses with the fibro- 
cartilages. In the atlas, however, it persists, undergoes chondrification, and 
develops into the anterior arch of this bone, while the cartilage representing the body 


Fio. lOS.—Diagranis showing trniisforniation of liypochordal bar into anterior 

arch of atlas. 
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of the atlas forms the dens or odontoid process which fuses with the body of the 
second cervical vertebra (fig. 105, B). 

The portions of the notochord contained ^vitllin the ))odies of the vertebrse 
atrophy, and ultimately disappear, while those which Ho in the centres of the inter- 
vertebral fibrocartilages expand, and persist throughout life as the central nucleus 
fulposus of the fibrocartilages' (fig. 106). 

The ribs- — The ribs are formed from the costal processes of the primitive vortebrctl 
arches, the processes extending between the muscle-plites. In the thoracic region 
•of the vertebral column the costal processes grow lateralwards to form a series 
of arches, the primitive costal arches. The transverse process grows out behind 
the vertebral end of the costal process, and is at first connected to this process by 
mesoderm which is later differentiated to form ^‘he costotransverse ligaments ; 
between the costal process and the tip of the transverse process the costotransverse 

t 

Fig. 106. — Sagittal soctioii through an intervortebial fibrocartilagc and adjacent 
parts of two vortebrai of a sheep’s embryo. (Ivblliker.) 
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joint is formed by absorption, while the proximal end of the costal process becomes 
■separated from the vertebral arch by the development of the costocentral joint. 
In ths cervical verirbruB (fig. 107) the transverse process forma the posterior boundary 
of the foramen transversarium, while the costal process, corresponding to the head 
and neck of the rib, remains in continuity with the body of the vertebra, and forms 
the i^teiolateral boundai? of this foramen. The distal portions of the primitive 
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costal arclics remain imdcvcloped ; occasionallj, formation 

seventh cervical vertebra undergo greater zirrmon the distal 

of costovertebral joints are separate^d oil as nls. . , fuse with the 

portions of the primitive costal arches fad; ^^^^J/^^^^X^esSlive anatomy, 
transverse processes to form the transverse proce s - lumbar vertebra. 

Occasionally a movable rib is developed in connexion m h t he firs Uum^^ 

In the saerk regiwi costal processes are developed only m connexion uitn me pp 


Fro. 107. — Diagrams showing the portion? of the vertcbrie. * 

from the bodies, v.-rtcbrnl arches, and costal processes of thecnibiNonic 






The bodies are represented in yellow, the vertebral arches in red, and the costal processes in blue. 

three or four vertebrte ; the processes of adjacent segments fuse with one another 
to form the lateral parts of the sacrum. The coccygeal veiieorce are devoid of costal 
processes. 

The stetEum.-^The ventral ends of the ribs become united to one another by 
a longitudinal bar termed the sternal plate, and opposite (he first sevcn'pairs of ribs 
these sternal plates fuse in the middle line to form the manubrium and body of the 
sternum. The xiphoid process is formed by a backward extension of the sternal 
plates. 

The skull.— The bones of the cramum are developed from the mcsedeim which 
invests the cerebral vesicles. At the end of the first and beginning of the second 
month of foetal life this mesoderm begins to thicken and form masses of blastema. 
These blastcmal masses represent the eatlicst distinguishable elements of the 
skeleton of the head, and fiist become evident in the occipital region where they 
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form a plate, t£e so-called occipital plate ; in the middle of this plate the notochord 
runs sagitally. The occipital plate sends out on either 'side two processes which 
surround the hypoglossal nerve and 

Fig. 108. — Sagittal sc^ction of the ccplialit; 
end of tbo notochord. (Koibol.) 
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form the hypoglossal canal. 

The occipital plate is continued 
forwards as- a thin blastemal layer on 
the dorsal aspect of the pharynx and 
reaches the rudiment of the hypo- 
physis. At the beginning of the 
second month it surrounds the duct 
of the hypophysis and extends between 
the nasal fossee where it forms tlie 
basis of the ethmoid and the nasal 
septum. 

About the fifth week the two 
auditory vesicles become enclosed in 
blastemal capsules, each of which is 
soon differentiated into a dorsolateral 
part enveloping the semicircular canals 
and a ventromedial part surrounding 
the cochlea ; at the upper boundary 
between these two parts the facial 
nerve lies in a deep groove. The 
blastemal auditory capsules fuse with 
the lateral processes of the occipital 

E late, leaving, however, a wide gap 
etween each capsule and the more median part of the occipital plate ; through 
this gap the internal jugular vein, and the glossopharyngeal, vagus and accessory 
cerebral nerves are transmitted. 

At this stage the blastema which surrounds the hypophysial duct and forms the 
rudiment of the post-sphenoidal part of the body of the sphenoidal bone, sends 
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Fig. 109. — Diagrams of the cartilaginous Ci-anium. (Wicdcrshoini.) 
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out a wing-fiike process on either side, the future great wing (ala magna) of the 
sphenoidal bone. More anteriorly, from the central blastema which is to form the 
interorbitonasal septum, processes e^rtend laterally and indicate the sites of the 
small wings (aloe parvse) of the sphenoidal bone, W'hile condensations occur on either 
side of the ifasal fossae and blend above with the blastemal septum. 

The first indications of the vault of the slcull are seen about the thirtieth day, 
and consist of blastemal plates- which appear at the sides of the head and gradually 
extend into the upper wall where they blend with one another ; they also blcnS 
with the blastema at the base of the cranium. 
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: la the ahwk and dogdah this blastemal of animals. In 

tioft and forms the cartilaginous of the skull, including 

manutoals the process of chondrification IS limited to t ^ -g j^^jon takes place 

a narrow region dorsal to the foramen the £ of the sl^ is 

primarily uf two regions : (a) the posterior or chwtlal P , . , g exhibits traces 

ivelope^d from the blastema which surrounds the r£ the h^- 

o£ four primitive segments separated from one another by the roots or me ytf 


Fio. 110.— Drawing of a model of tlio choiidrwrnniiirn of a liumOT 8 cm. long. 

(From Hertwig*s Handbuch der Kntwickclung 
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glossal nerve ; (6) the anterior or prechordal part is developed in front of the noto- 
'Choid and shows no regular division into primitive segments. 

In the lower animals a pair of cartilages appears in each part, v^. a pair of 
^radhwdal cartiiages, one on either side of the notochord, and a pair of frechordal 
ixujMagts or trabeetilcB eranii, in front of the notochord (fig. 109). These structures 
are wppesentod in man by paired nuclei of chondrification in the chordal and pre- 
parts respectively. 

♦(^ondrifioatioB of the skull begins m the second month of foet&I life, even 


f-Tte (dWowing description is mainly based on the extensive researches of K - Fawcett 
,?tlB,e^«»d«* is tyferr^ for further details to the JoHnial of AnaUmy and PhytMotm, Volumes 
grid' li.« and to the Ptoeeedtnyo of the Anatomieal Society of (/not Britain and Irddud for 
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before the blastemal stage ie completed, and the first nuclei appear in the occipital 
plate, one on either side of the notochord, medial to the hypoglossal canal. About 
the thirty-sixth day these two nuclei fuse anteriorly on the dorsal surface of the 
not<jchord, and later they fuse posteriorly on its ventral surface. Thus the notochord 
lies dorsal to the caudal part of the cartilaginous occipital plate, theh traverses 
the plate and lies ventral to it, and finally passes in front of it and ends on the 
dorsal surface of the post-sphenoidal cartilage (fig. 108). 

The posterior part of the sphenoidal cartilage chondrifies from two centres 
(trabeculae cranii) one on either side of the developing hypophysis ; these unite 
first behind and then in front of the duct of the hypophysis, and in this way the 
craniopharyngeal canal, through which the hypophysial diverticulum ascends into 
the skull, is formed ; this canal is usually obliterated at the third month, but may 
remain open. 

The central blastema, in front of the hypophysis probably undergoes independent 
chondrification ; it speedily joins with the posterior end of the chondrif 3 dng inter- 


Fio. 111. — The same model as shown in fig. 110, Iif^m the left side. 
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^orbitonasal septum, and from these are subsequently developed the presphenoidal 
part of the sphenoidal bone and the bony (ethmoidal) part of the nasal septum. All 
the above-mentioned parts ultimately fuse and form a continuous cartilaginous stem 
from the anterior edge of the foramen magnum to the anterior end of the nose. 

The blastemal auditory ca]>sule next undergoes chondrification, the portion 
surrounding the semicircular canals chondrif 3 dng before that enveloping the cochlea. 
From the cartilaginous occipital plate, lateral to the hypoglossal canal, a cartilaginous 
bar extends on either side ; these two bars pass partly under the canalicifiar part 
of the capsule, then dorsally over the brmn, and ultimately meet in the mid-dorsal 
line to form the tectum postmus, which is afterwards ossified to form the lower part 
of the Squauia occipitalb. In front of this a narrow strip of cartilage, the tectum 
anteriuSf is developed, but later disappears. ^ 

The great wings of the sphenoidal bone have separate cartilaginous nuclei ; 
these fuse with the post-sphenoidal cartilage and with two nuclei which connect the 
post-sphenoidal cartilage and the corresponding great wing with the anterior end 
of the cochlear capsule, lateral to the carotid artery. These nuclei form, on either 
side, the alar process which later ossifies as the lingula. The cartilaginous great 
wing is smallc»r than the small wing and only gives rise to the root of the pterygoid 
process and to that part of the bone which surrounds the maxillary division of the 
trigeminal nprve. 
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Between the great wing and the auditory capsule is a wide space which lodges 
the semilunar (Gasserian) ganglion and transmits the mandibular division of the 
trigeminal nerve and the middle meningeal artery. The backward growth of the alar 
process cuts off this spiice from the carotid canal, and at a later date the mandibjular 
nerve and middle meningeal artery are surrounded by membrane bone. The space, 
between the great and sniall wings forms the superior orbital (sphenoidal) fissure. 

Chondrification of the small \king commences lateral to the optic nerve, and from 
this centre ingrowths extend in front of and behind the optic nerve and fuse with 
hinder part of the intororbitonasal septum and so form the optic foramen. Ossifica- 
tion of the small wing begins just lateral to the optic foramen, but does not extend 
very far out ; a considerable part of the cartilage disappears, and owing to this, the 
small wing, in the bony condition, is much smaller than the great wing. 

■The nasal capsule is situated in front of the small wings, and is well developed 
by the third month ; it consists of a central part, or septum, and two lateral parts. 

Fig. 112. — Ventral view (jf left half of nasal capsule of a 65 mm. human embryo. 

(Fawcett.) 
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The septum lies p' ‘tly under the brain (subcerebral) and partly in front of the 
brain (precerebral) ; its lower margin is almost horizonttd and is, for a time, free ; 
its anterior border intervenes betwei i the anterior nares (fenestras narinae). 

The lateral parts of the capsule are primarily suspended from the precerebral 
part of the septum ; later they aie connected with the subcerebral part of the 
septum by the lamina cribrosa of the ethmoidal bone. Each lateral part consists 
of an anterior, an intermediate and a posterior portion. The anterior ajd inter- 
mediate portions are separated externally by an anterolateral sulcus which' corre- 
sponds internally with a semilunar crest ; the lower end of this crest forms the 
uncinate process of the ethmoidal bone. The posterior and intermediate portions 
are separated by a faint postero-lateral sulcus which corresponds internally with 
the middle nasal concha. The lower edge of the lateral wall of the capsule js 
incurved to form the inferior na.'^al concha which, at the fifth mentis becomes* 
ossified and detached from the lateral wall of the capsule. 

In man the floor of the nasal capsule is very incomplete. In rodents and some 
marsupials it consists of an anterior and 'a posterior transverse lamina connecting 
tlie lateral wall of the capsule with the se]>tum ; in front of the ante^rior lamina 
is the fenestra narina. The anterior and posterior transverse lamiiiai are connected 
by a bar of cartilage which runs backwards alongside the septum and fo^ms the 
Jcomtfcon 'paranasal cartilage ; the anterior part of tliis cartilage is bilaminar, and 
Wween the lamina) the organ of Jacobson is lodged ; the posterior part is small 
an^ylindrical. 
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In man the greater part of the anterior transverse lainiha has disappeared and 
thus the fenestra narina i$ continuous with the fenestra basalis, the two forming 
the fissura rostroventralis ; the medial segment only of the anterior transverse 
lamina remains as the processus lateralis veniralis. Further, only the anterior 
and "posterior segments of the common paraseptal cartilage are developed in man ; 
these parts are termed the anterior and posterior paraseptal cartilages and are 
united to one another by fibrous membrane. 

Part* of the cartilaginoiu? capsule is ossified to form the ethmoidal bone and the 
inferior nasal concha, part remains cartilaginous as the septal and alar cartilages of 
the nose, and part is replaced by membrane bones. 

The ventral surface of the chondrocranium is indirectly connected with the 
cartilages of the visceral arches, the fate of which is described below. 

The bones of the vault of the skull are of membranous formation, and are termed 
dern^ or covering hones. They comprise the upper part of the squama occipitalis 
(interparietal), the .squamae and tympanic parts of the temporals, the parietals, the 
frontal. Some of them remain distinct throughout life (o.g. parietal and frontal), 
while others join with the bones of the chondrocranium (e.g. interparietal and 
squamae of temporals). 

The branchial or visceral arches and pharyngeal pouches— In the lateral walls 


of the anterior part of the fore-gut five pharyngeal pouches appear (fig. 115) ; each 
of the upper four pouches is 


Fir,. 113. — Embryo between eighteen and 
twenty-one days. (Ilirt.) 
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prolonged into a dorsal and a 
ventral diverticulum. Over 
these pouches corresponding 
indentations of the ectoderm 
occur, forming what arc known 
as the branchial or outer 
pharyngeal grooves. The meso- 
derm which incervenes between 
the phar3mg(3al pouches and 
the outer pharyngeal grooves 
is pressed aside and the ecto- 
derm unites with the entoderm 
of the fore-gut along the floors 
of the grooves# to form thin 
closing membranes between the 
fore-gut and the exterior. 

Later the mesoderm again 
penetrates between the ento- 
derm and the ectoderm. In 
gill-bearing animals the closing 
membranes disappear, and the 
grooves become the gill-clefts 
which open from the pharynx 
on to the exterior ; perfora- 
tion, however, does not occur 
in birds or mammals. 

The pharyngeal grooves separate a series of rounded bars or arches, the branchial 
or mscerah arches in which thickening and consf)lidation of tlic mesoderm take 
place (figs. 113 to 115). The dorsal ends of these arches are attached to the sides 
of the head, while the ventral extremities ultimately meet in the middle line of 
the neck. In all, six arches make their appearance, but of these only the first four 
are visible externally. The first arch is named the mandibular, and the second 
the hyoid ; the others have no distinctive names. In each arch the central part 
of the mosodten consolidates and is tlicn converted into a cartilaginous bar, con- 
sisting of right and left halves. Moreover, each arch is traversed by a nerve and 
by one of the primitive aortic arches. 

The mandibular arch lies between the stomodaeum or primitive mouth and the * 
first branchiahgroove ; from it are developed the lower lip, the mandible, the muscles 
of mastication, and the anterior part of the tongue. Its cartilaginous bar is formed 
by what are known as MeckeVs cartilages (right and left) (fig. 116). The dorsal 
ends of these cartilages are ossified to form two of the three bones of the middle ear, 
viz. the malleus and incus the ventral ends meet each other in the region of the 
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symphysu menti, imd are usually regarded as undergoing ossifiioation to form that 
portion ot the mandible which contains the incisor teeth. The intervening part 
of the cartilage disappears ; the portion inimediately adjacent to the malleus 
and incus is replaced by fibrous membrane which constitutes the spheuomandibular 
ligament, while from the connective tissue covering the remainder of the cartilage 

the greater part of the mandible is 
ossified. From the dorsal ends of 
the mandibular arch a triangular 
process, the imxilla/ry j>rocesSf grows 
forwards on either side and lornis 
the cheek and lateral part of the 
upper lip. 

The second or hyoid arch assists 
in forming the side andtront of the 
neck. From its dorsal median 
portion the third bone of the middle 
ear, viz. the stapes, is developed, 
and Bubseq^uently becomes attached 
to the auditory capsule. From the 
ventral part of the arch the styloid 
process, stylohyoid ligament, and 
lesser cornu of the hyoid bone are 
developed ; the glossopalatine 
indicates the position of the hyoid 
arch. The cartilage of the third 
arch gives origin to the greater 
cornu of the hyoid bone. The 
ventral ends of the second and third 
arches unite with those of the 
opposite side, and form a transvcrs(? 
band, from' which the body of the 
hyoid bone and the posterior part 
of the tongue are developed. The 
ventral portions of the cartilages of the fourth and fifth arches unite to form the 
thyreoid cartilage ; from the cartilages of the six^th arch the cricoid and aryteenoid 
cartilages and the- cartilages of the trachea are developd.* 

The mandibular and hyoid arches grow more rapidly than those t;-fhind them, 
with the result that the third and fourth arches recede from the surface and form 
the floor of a deep depression, the sinus cervicalis. The hyoid arch grows backwards 
and overlaps the sinus, the opening from which assumes the form of a narrow duct ; 
this duct closes and converts the sinus 
into a vesicle which disappears at an early 
period of development. 

From the first branchial groove the 
concha and the external acoustic meatus 
are developed, while around the groove 
there appear, on the mandibular and 
hyoid arches, a number of swellings from 
which the auricula or pinna is formed. 

Prom the upper or dorsal parts of the 
first and second pharyngeal pouches the 
auditory tube and the tympanic cavity 
are developed (page 107 ; the closing 
membrane between' the mandibular and 
hyoid arches is invaded by mesoderm, 
and forms the tympanic membrane. No 
traces of the second, thjrd, or fourth 
branchial grooves persist. The dorsal 
- angle of the ^ond pharyngeal pouch is named th^sinus immllaris ; in it the tonsil 
developed, and above the tonsil a trace of the sinus persists as the supratonsillar 

iProCiedings of the Society af Oreai Bntain 1916) is 

that the thyi'eoid cartilage is fonned froitt the fourth arch, ami' the Cricoid oarti^ge 
‘•'5 fro99^'^e fifth, arch. ^ / 


Fig. 115, — Floor of ]^hiiryiix of embryo 
shown in ng. 114. 
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Fro. 114. — Head cud of a human embryo, about 
the end of the fourth week. (From model 
by Peter.) ^ 
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fossa. The laWal recess of the phatjmx, or fossa of Bosehmuller, is by some 
regarded as a persistent parjfc of the second pharyngeal pouch, but it is probably 
developed as a secondary formation. From the third pLarynged pouch the thymus 
arises as an entodeimal diverticulum on either side, and from the fourth pouches 


Fio. 116. — Head and neck of a human embryo eighteen weeks old, with Meckel’s 
cartilage and hyoid bar exposed. (4fter Kollikor.) 
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small diverticula project and become incorporated with the thymus, but in man 
they probably never form true thymus tissue. The parath)’Teoids arise as diverticula 
from the third and fourth pouches. From the fifth pouches the ultimol)ranchial 
bodies originate and are envelo]>cd by the lateral prolongations of the median 
thyreoid rudiment; they do not, however, form true thyreoid tissue, nor are any 
traces of them*found in the human adult. 

The nose and face. — During the third week two areas of thickened ectoderm, the 
olfactory Sreas, appear immediately under the fore-brain in the anterior wall of 


Fig. 117. — Under surface of the head of a huinajj embryo about twenty-nino 
days old. (After His.) 
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the stomodseum, one on either side of a region termed the frontontxsal process. By 
the upgrowth of the surrounding parts these areas are converted into the clfcu^ory 
pits, which indent the frontonasal ptoceire and divide it into a medial and two 
lateral nasal processes (figs. 117, 118). The rounded lateral angles of the medial 
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process are named the globular ^processes (His). The olfactory pits form the rudi- 
ments of the nasal cavities, and from their ectodermal lining the epithelium of the 
nasal cavities is derived, with the exception of tliat of the inferior meatuses which 
are formed from the stomodseum. The mesodermal plates represented on the 
surface by the globular processes are termed tlie nmal lamincB ; these lamina>*aro 
at first some distance apart, but, gradually approaching, they ultimately fuse 
and form the njisal septtim ; the processes themselves meef in the middle line, and 
form the premaxillse and the central part of the upper lip (fig. 121). The depressed 
part of the medial nasal process between the globular processes forms the lower 
part of the nasal septum or colmidla ; while above this is seen a prominent angle, 
which becomes the future apex (fig. 118), and still higher a flat area, the future 
bridge of the nose. The lateral nasal processes form the alse of the nose. 

Continuous with the dorsal end of the mandibular arch, and growing forwards 
from its cephalic border, is a triangular process — ^the maxillary process — the ventraf 
extremity of which is separated from the mandibular arch by a > -shaped notch 


Fig. 118. — IJead-cnd of a liiiinaii embryo 
of about tliirty to tbirty-oiio da3-s. 
(From model by Peter.) 
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Fig. 119. — Same embr\'o as shown in 
fig. 118, with the front wall of the 
pharyTLX reniovt?d. 
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(fig. 117). The maxillary process forms the lateral wall and floor of the orbit, and 
in it are ossified the zygomatic and palatine bones and the greater part of the maxilla ; 
it meets with the lateral nasal process, from which, however, it is separated for a time 
by a groove, the naso-optic furrou\ extending from the furrow encircling the eyeball 
to the olfactory pit. The maxillary processes ultimately fuse with the lateral 
nasal and globular processes, and form the lateral parts of the upper li|f and the 
posterior boundaries of the narcs (figs. 120, 121). From the third to the fifth month 
the nares are filled by masses of epithelium, on the breaking down and disappearance 
of which the permanent openings are produced. By the fusion of the maxillary 
processes with the nasal and globular processes in the roof of the stomodsBum the 
primitive palate (fig. 122) is formed, and the olfactory pits extend backwards above 
it. The posterior end of each pit is closed by an epithelial membrane, the hmeo- 
ncrnl membrane, formed by the apposition of the nasal and stomodeeal epithelium. 
About the fifth week the bucconasal membranes rupture and the primitive choance or 
openings between the olfactory pits and the stomodseum are established. The 
floor of the nasal cavity is completed by the development of a pair \)t shelf-like 
palatine processes which appear about the sixth week and extend medialwards from 
* the maxillary processes (figs. 123, 124) ; these coalesce with each other and with the 
septum in the middle line, and coj:LStitut6 the entire hard plate, except a 
^ small part in front which is formed by the premaxillse (page 229). The soft palate is 
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{oimed by tjto secondary^ backward growtihs, one on either side, from the palatine 
proeeesea ; into these the palatine, musclj^ extend, and the two parts ultimately 
]oin to form the soft palate and uvula. Two apertures persist for a time between 
the palatine processes and the premaxillse, and represent the permanent channels 


Fio; 120. — Head of a human 
iembi^o of about eight 
weeks, in which the nose 
and mouth arc formed. 
(His.) 



Fio. 121. — Diagram showing the regions of the adult 
face and neck related to the fj-ontonasal and 
maxillary processes and the branchial arches. 



which in the lower animals connect the nose and mouth. The union of the parts 
which form the palate commences in front, the premaxillary and jialatine processes 
joining in the eighth week, while the region o/' the future hard palate is completed 
by the ninth, and that of the soft palace by the eleventh week. By the completion 
of the palate the permanent choanod are formed and are situated a considerable 
distance behind the primitive choana 3 . The deformity known as cleft palate results 
from a non-union of the palatine processes, and that of hare-lip from a non-union 
of the masT^lary and globular processes (see page 264). The nasal cavity is divided 


Fig. 122. — Frirnitivo palate of a human embryo of thirty-seven to thirty-eight da\s. 

(From model 1)3' Peter.) 
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l0lt Bld$ the lateral wall of the nasal cavity has been removed. 


by ^ cartUi^xmus septum, the anterior part of which persists as the septal cartilage 
^ the pofte, buf^ the posterior and wper Mrte are replaced by the vomer ahd lamina 
' etbmoid. On ei^er side of the nasal septum, at its lower 

an^antmox inya^iutted to form a blind pouch or diverticulum 

wl^h nasal septum and is supported by 
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a curved plate of cartilage. These pouches form the rudiments of the vomeronasal 
organs of Jacobson, which open below, close to the junction of the premaxillary and 
maxillary bones.* 


Fto. r23.~The roof »>£ the mouth of a human embryo about two and a half months 
old, sliowing the mode of formation of the palate. (His.) 



Fio. 124. — Frontal soctiou of nasal i*avitics oi a Imiuan embryo 28 mm. long. 

(Kollmann.) 
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The limbs.— In the third week the limbs begin to make their appearance as small 
elevations or buds at the side of the trunk (fig. 125). Prolongations from several 
primitive segments es^nd into each bud, and carry with them the anterior divisions 
of the corresponding .spinal nerves the nerves supplying the limbs .indicate the 
number of primitive 'segments which contribute to their formation — ^the upper 
limb being derived from seven, viz. fourth cervical to second thoracic inclusive, 

* * J. JSrjjeijt Frazer (Hunterian Lecture, Lan^st, July 8, 1916) maintains that the increase in 
size of the nasal cavities takes place in an upward and backward direction, and the septum is 
sioiply the part of the roof left undisturbed between the imirwl upgrowths. He also points 
out^Lthat by the ninth week the primitive choansB extend from the primitive palate to the top 
cavity of the mouth, and when the palatal folds m<*et they fuse with the lower two- 
or tbrec-fourihs o£ the septum, while the upper one -fourth or so of the septum remaine 
between the upper parts of the openings whioh constitute the permanent ohoame. 



UEVELOPMjENT OF THE LIMBS 


rfnd the lower limb from ten, viz. twelfth thoracic to fourth sacral inclusive. The 
axial part of the mesoderm of the limb-bud condenses and is converted into its 
cartilaginous skeleton, and bv the ossification of this the bones of the limbs are 
formed. The limbs are at first directed backwards nearly parallel to the Jong 
axis of the trunk ; by the sixth week their long axes are at right angles to that of 
the trunk, and the three chief divisions of each limb are marked off by furrows- -- 
arjp, forearm, and hand in the 
upper limb; thigh, leg, and foot 
in the lower (fig. 126). The future 
fiexor surface of the limb is directed 
ventrally ; the extensor surface, 
dorsally ; one border, the pre-cmal, 
looks towards the cephalic end of 
the’ embryo, and the other, the 
post-axial, towards, the caudal end. 

The lateral epicondyle of the hume- 
rus, the radius, and the thumb lie 
along the pre-axial border of the 
upper limb ; the medial epicondyle 
of the femur, the tibia, and the 
great tOe along the corresponding 
border of the lower limb. The 
limbs next undergo a rotation or 
torsion through an angle of 90° 
around their long axes, the rotation 
Ij|mg effected almost entirely at the 
limb girdles. The rotation of the 
upper limb is outwards and forwards ; that of the lower limb is inwards and back- 
wards. As a consequence of this rotation the pre,-axial (radial) border of the 
fore-limb is directed laieralwards, and the pre-axial (tibial) border of the hind-limb 
nicdialwards ; thus the fiexor surface of the fore-limb is turned forwards, and that 

of the hind-limb backw^ards. 
The pre-axial part is derived 
from the anterior primitive seg- 
ments, the post-axial from the 
IK>sterior primitive segments of 
the limb-bud ; and this explains, 
to a large extent, the innervation 
of the adult limb, the nerves of 
the more anterior segments being 
distributed along the pro-axial 
(radial or tibial), and those of 
the more posterior segments 
along the post-axial (ulnar or 
fibular) border of the limb. 

The joints. — The mesoderm 
from which the different parts 
of the skeleton are formed at 
first shows no differentiation 
into masses corresponding with 
the individual bones ; thus, con- 
tinuous cores of mesoderm form 
the axes of the limb-buds and 
a continuous column of meso- 
derm the future vertebral column. 
The first indications of the 
differentiation of the bones and 
joints are circumscribed condensations of the mesoderm ; these condensed parts* 
become chondrified and finally ossified to form the bones of the skeleton. 
The intervening non-condensed portions consist at first of undifferentiated 
mesoderm, which may be convert^ into fibrous tissue as in the case of the skull 
bones, a synarthrodial joint being the result ; or it may become partly cartila- 
ginous, in which case an amphiarthrodial joint is formed ; or it may become 


Fin. 120. — Embryo of about six weeks. (TIis.) 
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lo00et IB texttite, a cavity ultimately appearing in its midst, while the cells Iming 

sides of !jbhis cavity form a synovial stratum, and thus a diarthrodial joiut w 
developed ; in some diarthrodial joints portions of the mesoderm persist and form 
erticulftt discs. ^ 

The tissue surrounding the original mesodermal core forms fibrous sheaths for the 
developing bones (perichondrium and periosteum) which are continued between 
the ends of the bones over the synovial strata as the flbirous capsules of the 
joints. These capsules are not of uniform thickness, so that in them may be 
recognised specially strengthened bands which are described as ligaments. This, 
however, is not the only method of formation of ligaments. In some cases by 
modification of, or derivations from, the tendons surrounding the joint, additional 
ligamentous bands are provided to strengthen the articulations. 

The muscles. — The voluntary muscles are developed from the myotomes of the 
prinaitive segments. Portions of the myotomes retain their position on the sides 
of the neuTfiu tube, where they may remain distinct from each other and form the 
short muscles of the vertebral column, or fuse with corresponding portions of 
neighbouring myotomes to form the Sacrospinales and their continuations. Other 
portions of the myotomes extend into the trunk wall where again they may retain 
their segmental corfdition, as in the Intercostales, or may fuse with ^jacent 
segments to form the flat muscles of the abdominal wall. Finally, portions of the 
myotomes wander into the limb-buds and there undergo fusions and alterations in 
form to produce the limb muscles. The original segmental character of the limb 
muscles is therefore lost, but their segmental nerve supplies are retained. Some of 
the limb muscles expand and migrate secondarily towards the mid-dorsal line (e.g. 
Trapezius and Latissimus dorsi) or towards the mid-ventral line (e.g. Pecjtoralis 
major). Again, muscles may migrf>.te in a cephalic direction (e.g. the facial miisc|^ 
which are derived from the hyoid arch), or in a caudal direction (e.g. the SerratUs 
anterior). In all cases they carry with them the segmental nerves of the myotomes 
from which they are derived; one example of this will suffice, viz. the Serratus 
anterior, which is derived from the fifth, sixth, and seventh cervical segments as is 
indicated by its nerves of supply. In man and the higher vertebrates many of the 
derivatives of the myotomes degenerate and are converted into aponeuroses (e.g. 
galea ajioueurotica, and the aponeuroses of the abdominal muscles) or ligaments 
(e.g. the sacrotuberous ligament and the fibular collateral ligament of the knee). 

The involuntary muscles are derived from the splanchnopleure ihesoderm. 

The shin and its appendages. — The epidermis, hairs, nails, sebaceous and sudori- 
ferous glands are developed from the ectoderm, the corium or true sfitn from the 
mesoderm. The ectoderm at first consists of a single stratum of cells, but by the 
fifth week two strata can be recognised, a superficial, named the ejntrichium, 
consisting of flat cells, the nuclei of which stain readily, and a deep, named the 
stratum germinatimim, consisting at first of cubical, but later of columnar, cells. 
By multiplication and differentiation of the cells of the stratum germinativum 
the different layers of the epidermis are developed. Towards the end of the third 
month the mesoderm condenses to form the corium^ and at about the same . time 
the subcutaneous areolar tissue is differentiated ; in the fourth month the dermal 
papillss begin to make their appearance. A considerable desquamation of the 
epidermic takes place, and this desquamated epidermis, mixed with sebaceous 
secretion, constitutes the vernix easeosa, with whm the sl^ is. smeared during the 
last three months of foetal life. * 

The hairs (fig. 127) originate as thickenings of the epidermis which grow obliquely 
downwards as solid buds into the corium, each bud consisting of an outer stra,tum 
of columnar cells and a core of polygonal cells. The deep end of each b^ expands 
to form the hair-bulb which is moulded over a papilla of condensed tne^derm. 
The eeUs of the hair-bulb proliferate and form a oone of ceUs, from whjph the scapus 
or $baft of the hair and its izmer sheath are developed. The hairs gradually lep^en 
by growth at the hair-bulb, and when they project on the surface they 
.them. the Cpitrichium which is broken upand shed. 

The sdSiceom gUmds originate as lateral outgrowths frpni the sides of 1;h6 heir- 
buds, andy pushing their way into the mesoderm^ |fivide into t]^e qt* fput bvikl or 
|yjsk-shaped alyeoU. ■ . 

^ rudimi^tSsbf the or sumt g^tinds their the 

.dpizis of : the hatids and soles of :the feet in; the. fourth nfontb^^ 

.of tiaim, «toh be^ 



Fia. 127. — Successive stages in tlie 
development of. hair. 
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Hie eotodexmal downgrowth lengthens, and its deeper part coils on itself and forms 
the. body of the gland. A lumen is developed in the downgrowth about the seventh 
month of festal life, and opens on the surface by a duct which is lined by two layers 
of cells. In the secreting part of the gland the outer layer of cells is modified to 
foiin a stratum of smooth muscle-fibres which 
lies between ,th6 gland epithelium and the 
basement membrane. Many sudoriferous 
^ands arise as ectodermal downgiowths from 
the superficial portions of the hair-follicles 
and later acquire independent openings on the 
surface of the skin. 

The mammwty gland may be looked upon 
as* a collection of greatly modified sudoriferous 
glands ; the epithelial lining of its ducts and 
alveoli is derived from the ectoderm, its 
supporting connective tissue from the meso- 
derm. On either side of the ventral siu*face 
of young embryos a thickened band of 
ectoderm, termed the milk-ridge, extends 
obliquely from the base of the fore-limb to 
the in^inal region near the middle line, and 
in some of the lower mammals (e.g. the sow) 
mammse are developed at intervals along this 
ridge. In man only one mamma, as a rule, 
is developed on either side of the middle line, 
but supernumerary glands or nipples are not 
infrequently found above or below the fully 
developed gland. The rudiment of the 
mamma appears as a thickening and subse- 

3 uent downgrowth ot the ectoderm ; from this 
owngrowth between fifteen and twenty solid 
cords branch off, each cord representing a 
future lactiferous tubule and lobe of the gland. 

The deep ends of the cords subdivide in the 
mesoderm and form the gland alveoli. The 
region where the ectodermal thickening 
occurred subsequently raised to form the 
nipple, and about ^ time of birth the tubules 
and alveoli become canalised. At the age of 
puberty, and in a greater degree towards the 
end of pregnancy, a marked enlargement of 
the gland, with the development of additional 
lobules and alveoli, takes place. 

The rudiments of the nails can be seen in 
embryos of about 4-5 cm. in length, and appear 
as primary naiUfields of ectoderm on the dorsal 
surfaces of the terminal phalanges of the digits. 

At the proximal end and sides of each nail- 
field thw epidermis is inva^ated to form the 
nail-folds, while the opposite end, which will 
ultimately form the free end of the nail, is bounded by a shallow groove. The nail 
is developed from the posterior nail-fold and consists of modified stratum lucidum. 
The stratum comeum covers the nail and forms the eponychium ; this disappears 
frpm the surface of the nail, with the exception of a narrow fold which overlaps the 
proximal part of the lunule of the nail. 
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DEVBLd!lPMENT OF THB^ NERVOUS SYSTEM AND SENSE-ORGANS 

, The .aerro^.'miieinia derived faom the ectodem and firat appem aathe neural 
roov6,oji|d^ dot^ aspect ot tjbe enhrw By the elevation and ulrimate 

^on folds, the groove is o<mVerted into the neural tube (fig. .82). 
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The anterioi: end of the tube expands to form the three primary brain-vesicles ; 
the cavity of the tube is subsequently modified to form the ventricular cavities of 
the brain, and the central canal of the medulla spinalis ; from the wall the nervous 
elements and the neuroglia of the brain and medulla spinalis are developed. ^ 
The medulla spinalis. — At first the wall of the neural tube is composed of a 
single layer of columnar ectodermal cells. The lateral parts of the wall soon thicken, 
while the dorsal and ventral parts remain thin, and are named the roof- and fioor- 
plales (figs. 128, 130). A transverse section of the tube at this stage presents an 
oval outline and a slit-like lumen. The cells which constitute the wall of the tube 
proliferate rapidly, lose tlieir cell-boundaries and form a syncytium consisting at 
first of dense protoplasm with closely packed nuclei, but later opening out and 
forming a loose mesh work with the cellular strands radiating from the central canal. 
Three layers of this syncytium may be defined — an internal or ependymal, an 
intermediate or mantle, and an external or marginal (fig. 128). The ependymal layer 
is ultimately converted into the ependyma of the central canal ; the processes of 
its cells pass outwards towards the periphery of the medulla spinalis. The marginal 


Fro, 12H. — Transverse section of the medulla spinalis of a four weeks* embryo. (Ilis.) 



layer is devoid of nuclei, and later forms the supporting framework for the white 
funiculi of the medulla spinalis. The mantle layer represents the future grey columns 
of the medulla spinalis ; in it the cells are differentiated into two sets, viz. (a) spongio- 
blants or young neuroglia-cells, and (6) germinal cells, which are the parents of the 
neurobhsts or young nerve-cells (fig. 129). The spongioblasts are at first connected 
to one another by filaments of the syncytium ; in these, fibrib are developed, so 
that as the neuroglia cells become defined they exhibit their characteristic mature 
appearance with multiple processes proceeding from each cell The germinal cells 
are large, round or oval, and first make their appearance between the ependymal 
cells on the sides of the central canal. They increase rapidly in number, so that 
by the fourth week they form an almost continuous layer on each side of the tube. 
No germinal cells are found in the roof- or floor-plates ; the roof-plafe retains, iii 
certain regions of the brain, its epithelial character ; elsewhere, its cells become 
spongioblasts. By subdivision the germinal cells give rise to the neuroblasts or 
ypung nerve-cells, which migrate outwards from the sides of the central canal into 
the mantle layer and neural crest, and at the same time become pear-shaped ; the 
tapering ^]^art of the cell undergoes still further elongjjtion, and forms the'axis-cylinder 

lateral walls of the medulla spinalis increase in thickness, and the central 
cmdl widelas out near its dorsal extremity, and assumes a somewhat lozenge-shaped 
app^rjince. The widest part of the canal subdivides the lateral wall of the neural 
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tube into a dorsal or afar, and a ventral or basal lamhia (fig. 130), a subdivision 
whick extends forwards into the brain. The dorsal part of the canal is reduced to 
a mere slit which is subsequently obliterated by the approximation and fusion of 
its walls ; the ventral part persists and forms the central canal of the adult modulla 


Fig. 129.— -Transverse section of the medulla spinalis of a limnan cinbryo at tin* 
beginning of the iourlh week., (After His.) The left edg»^ of the figure corre- 
sponds to the lining of the central canal. 



spinalis. The caudal end of the canal exhibits a conical expansion whicli is known 
as the tertniml ventricle. 

The ventral part of the mantle layer increases in thickness, and on cross-section 
appears as a triangular patch between the marginal and ependymal layers. This 
thickening is the rudiment of the anterior column grey substances and contains 


Fig. 130.— •Transverse sections of the inedullai spinales of human embrjos. 
A, about four and a half weeks old. J3, about three months old. (His.) 
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many neuroblasts, the axis-cylinders of which pass out through the marginal layev 
and form the anterior roots of the spinal nerves (figs. 128, 130). The thickening 
•of the mantle layer gradually eiftends in a dorsal direction, and forms the posterior 
column of grey substance. The axons of many of the neuroblasts in the alar lamina 
run forward, cross in the floor-plate to the opposite side of the medulla spinalis, and 
•form the rudiment of the anterior white commissure. 
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About end of the fourth week nerve-^fibres appear in the marginal layer^ 
The first td develop are the short intersegmental fibres from the neuroblasts in the 
mantle 25one> and the fibres of the posterior roots of the spinal nervep which vgrow 
into the medulla spinalis from the ceils of the spinal ganglia. By the sixth week 
the fibres of the posterior roots of the spinal nerves form a well defined oval hmMe 
in the peripheral part of the alar lamina ; this bundle increases in size, and spreading 
towards the middle line forms the rudiment of .the posterior funiculus. The long 
intersegmental fibres begin to appear about the third month, and the cerebrospinal 
fibres about the fifth month. All nerve-fibres are at first destitute of medullary 
sheaths, and difierent groups of fibres receive their sheaths at different times — the 
anterior and posterior nerve-roots are medullated about the fifth month, the cerebro- 
spinal fibres after the ninth month. ■ 

By the growth of the anterior columns of grey substance, and by the increase 
in size of the anterior funiculi, an anterior furrow is formed between the lateral 
halves of the medulla spinalis ; this gradually deepens to form the anterior median 
fissure (fig. 130, B). The mode of formation of the posterior septum is somewhat 
uncertain. Many believe that it is produced by the growing together of the walls 
of the posterior part of the central canal and by the development from its ependymal 
cells of a septum of fibrillated tissue which separates the future funiculi graciles. 

Up to the third month of foetal life the medulla spinalis occupies the entire 
length of the vertebral canal, and the spinal nerves pass outwards at righfr angles. 

From this time onwards, the verte- 
bral column grows more rapidly 
than the medulla spinalis, and the 
latter, being fixed above through its 
continuity with the brain, gradually 
assumes a higher position within 
the vertebral canal. By the sixth 
month the lower end of the medulla 
spinalis reaches only as far (m the 
base of the sacrum ; at birth it is 
on a level with the third lumbar 
vertebra, and in the adult with 


Fio. 131. — Two stages in the development of 
the neural crest in the human embryo. 
(Lonhoss^k.) 




the lower border of the first or upper 
border of the second lumbar verte- 
bra. A delicate filament, the filum 
termimh, extends from the lower 
end of the medulla spinalis as far 
as the first segment of the coccyx. 

The spinal nerves.— Each spinal 
nerve is attached to the medulla 
spinalis by an anterior and a 
posterior root. 

The fibres of the anterior or 
motor roots are formed by the axons 
of the neuroblasts which lie in the ventral part of the mantle layer ; these axons 
grow out through the overlying marginal layer into the myotomes of the primitive 
segments, and are ultimately aggregated to form the anterior nerve-roots (figT 128) 

The fibres of the posterior roots are developed from the cells of the spinfl ganglia 
Before the neural groove is closed to form the neural tube a ridge of ectodetmi 
cells, the ganglion-ridge or neural crest (fig. 131), appears along the prominent margin 
of each neural fold. When the folds meet in the middle line the two -^anglion-ridges 
fuae and form a wedge-shaped area along the line of closure of t£e tube The 
cells of this area proliferate rapidly opposite the primitive segments and then 
migrate in a lateral and ventral direction to the sides of the neural tube, where they 
ultimately form- a series of oval-shaped masses, the future spinal ganglia Thew 
ganglia are arranged symmetrically on the two sides of the nenraHube and, except 
'm the reridn of the tail, are equal in number to the primitive segments '&e cells m 
the ganglia, lilre the cells of the mantle layer, axe of two kinds, vfe. BpoMioblasts and 
neuroblasts. The spongioblasts develop into the neuroglial cells ofthe ganglia 
The neuroblaste,, at first round or oval in shape, soon assume the form of spij&es 
riieii^emiries of which gradueHjr i^pngate into central and peripferal ptoqm 
. Tbh jtentral processes grow medialwinjds and, becoming connected with the neunpi 
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' '(fr 

tulie, ooBfttitute tlie fibres of the posterior nerve-roots, while the ]peripheral processes 
grow tat^lwards to mingle with the fibres of the anterior root in the spinal nerve. 
As development proceeds the original bipolar form of the cells changes ; the tsvo 
processes oecome approximated until they ultimately arise from a single stem in 
a T-shaped manner. The bipolar form is retained in the retina and in the ganglia 


Fig, 182« — ^Reconstruction of the peripheral nerves of a human embryo of 10*2 mm, 
(After His.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 
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of the acoustic nerve. More recent observers hold, however, that the T-form is 
derived from the foranohing of a single process which grows out from the cell. 

Althoug^t many embryologists accept the views : (a) that every motor nerve-fibre 
is an independent outgrowth from .a motor nerve-cell and secondarily becomes 
connected te its special myotome^ and (h) that from the sensory nerve-cell a central 
process grows into the medulla spinalis or into the brain, and a peripheral one out- 
wards to unite vdtb the peripheral sense-organ supplied by the nerve, it is probable 
that the myotomes and tne peripheral sense-organs are from the first connected with 
the chiral nervous system, and that this connexion is never lost. In tepidosirm 
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paradoxaf J. Gtaham Kerr has traced back the development of the motor nerve 
trunk tQ a period in which it is represented by a bridge of soft granular protoplasm 
connecting the medulla spinalis and myotome at a stage when these structures are in 
close apposition.* As the myotome is pushed outwards it remains connected with 
the medulla spinalis by the ever-lengthening strand of nerve, which soon loses its 
granular protoplasmic character and assumes a fibrillated appearance. A similar 
condition probably exists regarding the development of sensory nerve-fibres, for 
Cameron and Milligan f have shown that in early embryonic life the cell-elements of 
the sense-epithelium of the auditory vesicle are connected with those of the hind- 
brain by a continuous tract of nucleated protoplasm (syncytium) which is never 
severed. This syncytium, at first undifferentiated, becomes fibrillated longitudinally 
to form a continuous tract of nerve-fibres (the future auditory nerve) uniting the 
sense-epithelium of the auditory organ with the hind-brain. 

The anterior and posterior nerve-roots join immediately beyond the spinal 
ganglion to form the spinal nm>e, which then divides into anterior, posterior, and 
visceral divisions. The anterior and posterior divisions proceed directly to their 


Fio. 133. — Diagram tc» illustrate 
the alar and basal laniinte of 
the brain vesicles. (His.) 



Fiii. 134. — Transverse section of the medulla 
oblongata of a human embryo, x 32. (Front 
Kollmann’s Kntwickehingsgeschiebt»*. ) 
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areas of distribution without further association with ganglion-cells (fig. 132). 
The visceral divisions are distributed to the thoracic, abdominal, and pelvic vigeera, 
to reach which they pass through the sympathetic trunk, and many of the fibres of 
these divisions form arborisations around the ganglion-cells of this trunk. Visceral 
divisions are not given off from all the spinal nerves ; they form two groups, viz. 
(o) thoracolumbar, from the first or second thoracic to the second or third lumbar 
nerves inclusive ; and (6) pdvic, from -the second and third, or third and fourth sacral 
nerves. 

The Brain.— -The brain is developed from the anterior end of the neural tube, 
which at an early period expands into the three primary cerebral vesicles (fig. 81). 
These are marked off from each other by intervening constrictions, and ate name/i 
the rhombencephalon or hind-brain, the rnesencephalm or midrl^ain, and the prosen- 
cephalon or fore-brain— the first being continuous with the medulla spinalis. As 
the result of unequal growth of the different parts of the brain three flexures are 
formed and the brain bends on itself in a somewhat zigzag fashion ; the two earliest 
flexures are concave ventrally and are associated with corresponding flexures of 
the whole head. The first appears in the region of the mid-brain, ind is ni»nA.l 
the ventral cephalic fiexwe (fig. 137) ; the fore-brain bends in a ventral direction 
around the anterior end of the notochord and fore-:gut until its floor lies almost 

• • On some points in the early development of motor nerve-trunks and mvotomes in 
Lepidofiren paradoxa,’ Transaedotu of the Royal Sodtly of Edinburgh, vol. xli. part i. 1003-4. 

' ,t‘Tho development of the auditory nerve in vertebrates,^ Journal of Anata^ 
’PhysMogy, vol. xliv. . 
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parallel with that of the hind-brain. The mid-brain is for a time the most prominent 
part of the brain, since its dorsal surface corresponds* with the convexity of the 
flexure. The second bend appears at the junction of the hind-brain and medulla 
spinalis, and is termed the cervical flexure (fig. 137). It increases from the third 
to tfie end of the fifth week, when the hind-brain forms nearly a right angle with tlie 
medulla spinalis ; after the fifth week erection of the head takes place and the 
cervical flexure diminishes and disappears. The third bend is named the pontine 
fl^ure (fig. 139), because it is found in the region of the future pons (Varolii). It 
differs from the other two in that (a) its convexity is forwards, and (6) it docs not 
affect the head. 

The lateral walls of the brain-tube, like those of the medulla spinalis, are divided 
by internal furrows into dorsal or alar and ventral or basal laminse (figs. 133, 134). 

•The rhombencephalon or hind-brain. — The cavity of the hind-brain becomes 
the fourth ventricle. At the time when the ventral cephalic flexure makes its 
appearance, the hind-brain exceeds in length the combined lengths of the other 
two v^esicles. Anteriorly it exhibits a constriction, the isthmus rhombencephali 
(fig. 133, Isthmus), which is best seen when the brain is viewed from the dorsal 
aspect. From the isthmus the brachia conjunctiva of the cerebellum and the 


Fia# 135.- -Transverse section of th»‘ medulla oblougata of a human embrjo: 

(After His.) 


solUariiis 

arms nerve 


nerve 

Floor-plute 

anterior medullary velum are formed. The rest of the hind-brain consists of two 
parts, viz. : an upper, called the melencephalon, and a lower, the myeUncephahn. 
The cerebellum is developed by a thickening of the roof, and the pons by a thickening 
in the floor and lateral walls of the metencephalon. The floor and lateral walls of 
the myelencephalon are thickened to form the medulla oblongata ; its roof remains 
thin, and, retaining to a great extent its epithelial nature, is expanded in a lateral 
direction. Later, by the growth and backward extension of the cerebellum, the 
roof is fojded inwards towards the, cavity of the fourth ventricle ; it assists in 
completing the dorsal wall of this cavity, and is also invaginated to form the ependy’* 
mal covering of the chorioid plexuses of the fourth ventricle. Above it is continuous 
with the posterior medullary velum ; below, with the obex and ligulse. 

The development of the medulla Mmyaia, though resembling that of the medulla 
spinalis, exhibits one or two interesting modifications. At an early stage the 
myelencephalon consists of two lateral walls, connected across the middle line 
by floor- and roof-plates (figs. 134 and 135). Each lateral wall consists of an alar 
and a basal lamina, separated by an internal furrow, the remains of which are 
represented in the adult brain by the sulcus limitans on the rhomboid fossa. The 
contained cavity is more or less triangular in section, the base being formed by the 
roof -plate, wldch is thin and greatly expanded transversely. Pear-shaped neuro- 
blasts are developed in the alar and basal laminee, and their narrow stalks are 
elongated to form the axis-cylinders of the nerve»fibres. Opposite the furrow 
or boundary between the alar and basal laminae a bundle of nerve-fibres attaches 
itself to the outer surface of the alar lamina. This is named the tmeius solitariue 



Hhomhiclip 




VcFTiia 

Rhombic Up 


92 BMBBYOLtGY 

(fig. i86), lELad is formed by the sensory fibres of the glossopharyngeal and vagus 
homologue of the am, bundle seen in the medulla spinalis, and, 
like It, is (feveloped by an ingrowth of fibres from the ganglia of the neural crest. 

At first it is applied to the outer 
Fro, 186 . — Hind-brain of a human embryo of surface of the alar lamina, but 
three months, viewed from beliind and partly is soon buried by the growth 
frorn the right side, (From model by His.) over it of the neighbouring parts. 

By the fifth week the dorsal part 
of the alar lamina bends in a 
lateral direction along its entire 
length, to form what is termed the 
rhmnbic lip (figs. 136, 139). Within 
a few days this lip adheres to, and 
unites with, the outer surface of 
the main part -of the alar lamina, 
and so covers in the tractus soli* 
tarius and also the spinal root of the 
trigeminal nerve. 

Neuroblasts accumulate in the 
mantle layer ; those in the basal 
lamina correspond with the cells 
in the anterior grey column of the 
medulla spinalis, and, like them, 
give origin to motor nerve-fibres ; 
in the medulla oblongata they are, 
however, arranged in groups or 
nuclei, instead of forming a 
continuous column. From the 
. alar lamina and its rhombic lip, neuroblasts migrate into the basal lamina, where 
some are aggregated to form the olivary nuclei, while many send their axis-cylinders 
through the floor-plate to the 

opposite side, and thus^constitute — Exterior of the brain of a human 

the rudiment of the raphe of the u ^ weeks. (From 

medulla oblongat^i. By means 
of this thickening of the ventral 

E ortion, the motor nuclei are 
uried deeply in the interior, 
and in the adult are found close 
to the rhomboid fossa. This is 
still further accentuated : (a) by 
the development of the pyra- 
mids, which are formed about the 
fourth month by the downward 
growth of the motor fibres from 
the cerebral cortex ; and (t) by 
the fibres which pass to and from 
the cerebellum. On the rhom- 
boid fossa six temporary furrows 
or rhombic grooves appear. They 
bear a definite relationship to 
certain of the cerebral nerves ; 
thus, from before backwards, the 
first and second pooves overlie 
the nucleus of the trigeminal; 
the tkird, that of the facial ; the 
fourth, that of the abducent; 

^the fifth, that of the glosso- 
*phaTyngeal ; find the sixth, that 
of the vagus. 

The pom is developed from 
the :^V6ntroIateral wall of the 
ynet^Cephlklon a process similar to, that Which has been described for thA 
*^^d!Slliir oblongata. ' 



Motor root 
Sensory root 


and 


tiiditory vesich 


pEVEIfOPIWr OF THE BRAIIT 


brain 
fonn two 


The cefe&^?«m, is dftyeio^ in the roof of the interior part of the hind- 
(ngs^'lM to Hl)>/ The tiu tominss of fhis part increase in thichness and fom. ...v, 
tflteial pl^^a which fuse in the middle line and produce a thick lamina wliich roofs 
iz^ the jpart of the cavit]^ of the hind*brain vesicle ; this lamina constitutes 
the i^di^ent of the c^mbellnm, the outer surface of which is originally smooth and 
convex-" The flocculus and nodule are developed from the rhombic lip, and are 
recognisable as separate portions before any of the other cerebellar lobules. The 
fissnre$ of the cerebellum appear first in the vermis and floccular region, and traces 
of them are found during the third month ; the fissures On the cerebellar hemispheres 
do not appear till the fifth month. The primitive fissures are not developed in 
the order of their relative size in the adult — ^thus the horizontal sulcus in the fifth 
month is merely a shallow groove. The best marked of the early fissures are : 
(a) the Ji^ura prima between the developing culmen and declive, and (6) the fissum 
s^ufi^ between the future pyramid and uvula. The groove produced by the 
ben^g over of the rhombic lip 

Fio. 138. — Brain of a human embryo of four 
and a half weeks, showing the interior of 


fore-brain. (From model by His.) 
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is here known as the fiocculaf 
fissure ; when the two lateral 
walls fuse, the right and left 
floccular fiasures join in the middle 
line, and their central part becomes 
the postfiodular fissure. 

On the ventricular surface of 
the cerebellar lamina a transverse 
furrow, the incisura fasligii, appears 
and then deepens to form the tent- 
like recess of the roof of the fourth 
ventricle. The rudiment of the 
cerebellum at first projects in a 
dorsal direction ; but, by the back- 
ward growth of the cerebrum, it is 
folded downwards and somewhat 
flattened, and the thin roof -plate of 
the fourth ventricle, originally con- 
tinuous with the posterior border 
of the cerebeHum, is projected 
inwards towards the cavity of the 
ventricle. 

The mesencephaloii or mid- 
brain. — The mid-brain {figs, 137 to 
I'll) exists for a time as a thin- 
walled cavity of some size, and is 
separated by slight constrictions 
from the isthmus rhombencephali 
beldnd, and from the fore-brain 
in front. Its cavity becomes 
relatively reduced in diameter, and 
forms the cerebral aqueduct of 
the adult brain. The basal lamines of the hind-brain inci easc in thickness to form 
the cerebfal peduncles, which are at first of small size, but rapidly enlarge after the 
fourth month. Many of i^e neuroblasts of these laminae are grouped in relation 
to the sides and floor of the cerebral aqueduct, and constitute the nuclei of the 
oculomotor and trochlear nerves, and of the mesencephalic root of the trigeminal 
nerve ; others are aggregated to form the red nuclei. By a similar thickening 
process the alar laminae are developed into the quadrigeminal lamina. The dorsal 
part ojE the wall expands, and for a time presents an internal median furrow and a 
cotresponding external ridge ; these, however, disappear, and the latter is replaced 
by a groove- Subsequently two obliq^ue furrows extend medialwards and backwards, 
and tne thickened lamina is thus subdivided into the superior and inferior colliculi- • 

The Dfoitacbpbaloh or fptei^bcain- — transverse section of the early fore- 
brain shown the same murts aid are displayed in similar sections of the medulla 
splnalie and medulla oblongata, viz. a pair of thick lateral walk ^nnected by 
thin roof^platsa- Moreover, each lateral wall is divided into a dbis^ 

or alar and a veti^ai or basal lamina separated internally by a funow termed 
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tire sWiCUH of Monro, This sulcus ends anteriorly at the medial end 

stalk, and in the adult brain is retained as a slight groove extending backwards 

from the interventricular foramen to the cerebral aqueduct. 

At a very early period — in some animals before the closure of the cranial part of 
the neural tube — two lateral diverticula, the optic vesiclesy appear, one on either side 
of the fore-brain ; for a time they communicate with the cavity of the fore-brain by 
relatively wide openings. The peripheral parts of the vesicles expand, while the 
proximal parts are reduced to tubular stalks, the optic stalks. The optic vesicle gives 
rise to the retina and the epithelium on the back of the ciliary body and iris i the 
optic stalk is invaded by nerve-fibres to form the optic nerve. The fore-brain 
then grows forwards, and from the alar laminae of this front portion the cerebfhl 
hemispheres originate as diverticula which rapidly expand to form two large pouches, 
one on either side. I'ho ca\’ities of these diverticula arc the rudiments of the lateral 
ventricles ; they communicate with the median part of the fore -brain cavity by 


Fio, 139. — Exterior of the brain of a human nnbryo of five weeks. The roof of the 
liind-brain has been mnovcij. ('From model by His.) 

Triffonum hahenvlce 



relatively wide openings, which ultimately form the interventricular foramen 
(foramen of Monro), The median portion of the wall of the fore-brain vesicle 
consists of a thin lamina, the lamina terminalis (figs. 141, 144), which stretches from 
the interventricular foramen to the recess at the base of the optic stalk. The 
anterior part of the fore-brain, including the rudiments of the cerebral hemispheres, 
is named the tdenc^hahn, and the posterior portion the dimcephalon ; both contri- 
bute to the formation of the third ventricle. 

The diencephalon. — From the alar lamina of the diencephalon, .the thalamus, 
metathalamus, and epithalamus are developed. The thalamus (figs. 137 to- 141) 
arises as a thickening which involves the anterior two-thirds of the alar lamina. The 
two thalami are visible, for a time, on the smface of the brain, but are subsequently 
hidden by the cerebral hemispheres which grow backwards over them. The ttialami 
extend medialwards and gradually narrow the interval between them into a slit-like 
eavity which forms the greater part of the third ventricle ; their media] siifrfaces 
ultimately adhere, in part, to each other, and the intermediate mass of 4he ventricle 
is developed across the area of contact. The m^athabimm comprises the medial and 
laterAl geniculate bodiee which originate as slight outward bulgings of the alar lamina. 
In the adult the lateral geniculate body appears as an eminence on the lateral part 
tW'posterior end of the thalamus, while the medial lies under cover of the pulvtnar 
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of the thalamus. The epitJudamm includes the pineal body, the posterior com- 
missure, and the trigonum habeniilse. The pineal body arises as a bilateral evagina- 
tion of the roof-plate immediately in front of the mid-brain ; only the left portion 
persists in verteorates, and it becomes solid with the exception of its proximal 
part,* which forms the recessua pinealis. The pineal body consists essentially of 
(fl) a distal part representing a rudimentary eye, and (6) a proximal part which is 
"glandular in nature ; only this latter portion is represented in man. The posterior 
^mmissure is formed by the ingrowth of fibres into the depression behind and below 
the pineal evagination, and the trigonum habenulfe is developed in front of the 
pineal recess. 

, Trom the basal laminae of the diencephalon the pars niamiUoHs hypothalami 
is developed ; this comprises the corpora jnamillaria and the posterior part of the 
tuber cinereum. Tlie corpora mamillaria arise as a single thickening, which is 
divided by a median furrow during the thinl month. 


Fio. 140. — Tntorior of the brain of a human onibi'yo of five The roof of the 

himl-brain has been removed. .(From model by His.) 



The roof-plate of the diencephalon, in front of the pineal b(;dy, remains thin and 
epith^al in character, and is subsequently invaginated by the chorioid plexuses of 
the third ventricle. 

' The tdencephalon , — This consists of a median portion and two lateral diver- 
ticula. Tl^ median portion forms the anterior part of the cavity of the third 
ventricle, and is closed below and in front by the lamina terminalis. The lateral 
diverticula consist of outward pouchings of the alar lamina) ; the cavities represent 
the future lateral ventricles, and their walls the nervous matter of the cerebral 
hemispheres. The roof-plate of the telencephalon remains thin, and is continuous 
in front with the lamina terminalis and behind with the roof-plate of the dien- 
cephalon. In the basal laminse and floor-plate the pars optica hypothalami is 
developed ; this comprises the anterior part of the tuber cinereum, the infun<Kbulum 
and posterior lobe of the hypophysis, and the optic chiasma. The anterior part 
of the tuber cinereum is derived from the posterior part of the floor of the telen- 
cephalon ; the infundibulum and posterior lobe of the hypophysis arise as a down- 
ward diverticulum from the floor; The most dependent part of the diverticulum 
becomes solid and forms the posterior lobe of the hypophysis ; the anterior lobe 
of the hypophysis is developed from, a diverticulum of the ectodermal lining of the 
stomodasum (page 132). The optic chiasma is formed by the meeting and pattial 
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position and connexions of the remaining portions of the rhinencephalon are described 
with the anatomy of the brain. 

corpus sirwium (figs. 138, 140) appears in the fourth week as a triangular 
thickening of the floor of the telencephalon between the optic recess and the inter- 
- ventricular foramen, and continuous behind with the thalamic part of the dien^ 
cepfialon. It increases in size, and by the second month forms a swelling in the 
. floor of the future lateral ventricle ; this swelling reaches as far as the posterior 
end of the primitive hemisphere, and when this part of the liemisphere grows 
backwards and downwards to form the temporal lobe, the posterior part of the 
corpus striatum is carried into the roof of the inferior horn of the ventricle, where 
it is seen as the tail of the caudate nucleus in the adult brain. During the fourth 
and fifth months the corpus striatum becomes incompletely subdivided by the 
fibres of the internal capsule into two masses, an inner, the caudate nucleus, and 
an outer, the lentiform nucleus. In front, the corpus striatum is continuous with 
the anterior perforated 
substance ; laterally it 
is confluent for a time 
with that portion of 
the wall of the vesicle 
which is developed into 
the insula, but this con- 
tinuity* is subsequently 
interrupted by the fibres 
of the external capsule. 

The neopaUium (fig. 

143) forms the remain- 
ing, and by far the 
greater^- part of the 
cerebral hemisphere. 

It consists, at an early 
stage, of a relatively 
large, more or less 
hemispherical cavity — 
the primitive lateral 
ventricle — enclosed by 
a thin wall frofn which 
the cortex of the hemi- 
sphere is developed. 

The vesicle expands in 
all directions, but more especially upwards and backwards, so that by the third 
month the hemisplieres cover the diencephalon, by the sixth they overlap the mid- 
brain and by the eighth the hind-brain. 

The median lamina uniting the two hemispheres does not share in their expan- 
sion, and thus the hemispheres arc separated by a deep cleft, the forerunner of 
the longitudinal fissure, and this cleft is occupied by a septum of mesodermal tissue 
which constitutes the i)rimitive falx cerebri. Coincidcntly with the expansion of 
the vesicle, its cavity is drawn out into three i)rolongations which represent the 
horns of the future lateral ventricle ; the hinder end of the vesicle is carried down- 
wards and forwards and forms the inferior horn ; the posterior horn is produced 
somewhal; later, in association with the backward growth of the occipital lobe of the 
hemisphere. The roof -plate of the primitive fore -brain remains thin and of an 
epithelial character ; it is invaginated into the lateral ventricle along the medial 
wall of the hemisphere. This invagination constitutes the chorioidal fissure, and 
extends from the interventricular foramen to the posterior end of the vesicle. 
Mesodermal tissue, continuous with that of the pia mater, and carrying blood-vessels 
with it, spreads between the two layers of the invaginated fold and forms the rudi- 
naent of the tela chorioidea ; the margins of the tela become highly vascular and 
form the chorioid plexuses which for some months almost completely fill the ventri- 
cular cavities ; the tela at the same time invaginates the epithelial roof of the 
diencephaloh and there forms the chorioid plexuses of the third ventricle. By the 
downward and forward growth of the posterior end of the vesicle to form the temporal 
lobe the chorioidal fissure finally reaches from the interventricular foramen to the 
extremity of the inferior horn of the ventricle. 




Fro. 142. — Inferior surface of the brain of an embryo at 
the beginning of the fourth month. (KollTnami.) 
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ParAllel mth but above and in front of the chorioidal fiaspre the medial wall of 
the cerebral vesicle becomes folded lateralwards and gives rise, to the hippocampal 
fissure on the medial surface and to a corresponding elevation, the hippHeampuBf 
within the ventricular cavity. The grey or ganglionic covering of the wall of the 
vesicle ends at the inferior margin of the fissure in a thickened edge ; beneath this, 
the marginal or reticular layer (future white substance) is exposed and its lowei: 
thinned edge is continuous with the epithelial invagination covering the chorioid 
plexus (fig. 143). As a result of the later downward and forward growth of the 
temporal lobe the hippocampal fissure and the parts associated with it extend from 
the interventricular foramen to the end of the inferior hom of the ventricle. The 
thickened edge of grey substance becomes the gyrus dentatus, the fasciola cinerea 
and the supra- and sub-callosal gyri, while the free edge of the white substance forms 


Fig, 143. — ’Diagrammatic coronal section of the brain to show relations of the 
neopallium. (After Ilis.) • (From Quaiii’s Elements of Anatomy, vol. i., 
Embryology.) 



Cm. Corpus striatum. Tli. Thalamus. 


the fimbria hippocampi and the body and crus of the fornix. The corpus callosum 
is developed within the arch of the hippocampal fissure, and the upper part of the 
fissure forms, in the adult brain, the callosal fissure on the medial surface of the 
hemisphere. 

Tbe oommissures (fig. 144).— The development of the posterior conunissure 
has already been referred to (page 96). The great commissures of the hemispheres, 
viz. the corpus callosum, the fornix, and anterior commissure, arise from t^e lamina 
terminals. ' About the fourth month a small thickening appears in this lamina, 
immediately in front of the interventricular foramen. The lower part of this 
thickening is soon separated, and nerve-fibres appear in it to form the anterior 
commissure. The upper part continues to grow with the hemispheres, and 
is invaded by two sets of fibres. Transverse fibres, extending between the 
hemispheres, pass into its dorsal part, which is now difierentiated as the 
corpus callosum. Into the ventral part longitudinal fibres from the hippo^ 
camims pass to the lamina terminalis, and through that structure to the corpora 
mamillaria ; these fibre? constitute the fornix. A small portion, lying antero- 
ihferiorly between the corpus callosum and fornix, is not invaded py the com- 
missural fibres ; it remains thin, and later, a cavity, the cavity of *the septum 
pellucidum, forms in its interior: 

Fissures <md iS«Zci.— The outer surface of the cerebral hemisphere is at first, 
sii^ooth, but later exhibits a number of elevations or eonvolutiom, separalld from 
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eaolit other bjr Assures and stdci, moat of which make their appearance during the 
sixt^ or aeventh months of foetal life. The term fissure is applied to such grooves as 


Fjr;o. 144.~Median sagittal section of the brain of a human embryo of four mouths. 

(Marchand.) 
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Fig. 145.-^)uter surface of the cerebral 
hemisphere of a human embryo of 
about five months. 
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involve the entire thickness of the cerebral wall, and x>roduce corresponding emi 
nences in the lateral ventricle, while the sulci affect only the superficial part of 
the wall, and produce no such eminences. The fissures comprise the chmimdal 
and hippocampal already described, 
and two others, viz. the calcarine 
and collateral, which give rise to 
the swellings ‘known respectively as 
the calcar avis and the collateral 
eminence in the lateral ventricle. 

Of the sulci the following may be 
referred to, viz. the central sulcus 
(fissure of Rolando), which is developed 
in two parts ; the intra'parietal smeus 
in four parts ; and the cingulate 
sulcus in two or three parts. The 
lateral cerebral or Sylvian ^sure differs 
from the others in its mode of develop- 
ment. About the third month a 
depression, the Sylvian fossa, appears 
on the lateral surface of the hemi- 
sphere (ng. 145) ; this fossa corresponds 
with the position of the corpus 
striatum, and its floor is moulded to 
form the cortex of the insula. Tire 
intimate connexion which exists be- 
tween the deep surface of the cortex 
of the insula and the corpus striatum 
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the same rate 


prevents the insular part of the hemisphere wall from expanding at the 
as the portions wMch surround it, with the result that they gradually grow over 
and cover the instila, and constitute the temporal, parietal, frontal, and orbital 
opcrcula ot the adult brain. The frontal and orbital opercula are the last to form, 
but by the ^ud of the fimt year after birth the insula is completely submerged by 
the am^eximatipu of the opercula. The fissures separating the opposed mar^ns 
of the opercula constitute the composite lateral cerebral fissure. 
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If a section across the wall of the hemisphere about the sixth week be examined 
mioroseopicidly it will be found to consist of a thin marginal or reticular layer, a 
thick ependymal layer, and a thin intervening mantle layer. Neuroblasts from the 
ependymal and mantle layers migrate into the deep part of the marginal layer and 
form the cells of the cerebral cortex. By the sixth month the middle cell -lamina 
has attained one-half, and the inner cell-lamina three-fourths of their adult thick- 
ness ; the outer cell-lamina is the last to develop. The nerve fibres which form the 
underlying white substance of the hemispheres consist at first of outgrowths from 
the cells of the corpora striata and thalami ; the fibres from the colls of the cortex 
are added later. Medullation of these fibres begins about the time of birth and 
continues until puberty. 

A summary of the parts derived from the brain vesicles is given in the following 
table ^ ^ 


Rhombencephalon 
or hind-brain 


1. Myelencephalon 

2. Metencephalon 

3. fsthmus rhornb- 

oncephali 


Mesencephalon or mid-brain , 


Prosencephalon or 
fore-brain 


1. Dienccphalon 


’2. Telencephalon 


/Medulla oblongata. 

(Tjower part of fourth ventricle. 
fPons. 

I Cerebellum. 

Intermediate part of fourth 
\ ventricle. 

[Anterior medullary velum. 

I Brachia conjunctiva cerebelli. 

\ Upper part of fourth ventricle. 
rCerebral peduncles. 

. Lamina quadrigemina. 
(Cerebral aqu(*duct. 

Thalamus. 

MetathalamuH. 

Epilliabimus. 

Pars maiiiillaris hypothalami. 
Posterior pa it of third 
^ ventricle. 

Anterior part of third 
ventricle. 

Pars optica hypothalami. 
Cerebral hemis])liores. 

Lateral ventricles. 
Interventricular foramen. 


The cerebral nerves.— With the exception of the olfactory, optic, and acoustic 
nerves, which will be specially considered, the cerebral nerves are developed in a 
similar manner to the spinal nerves (page 88). The sensory or afferent nerves arc 
derived from the cells of the ganglion-rudiments of .the neural crest. The central 
processes of these* cells form the roots of the nerves, w'hile the i)eiipheral processes 
constitute their fibres of distribution (fig. 132). It has been seen, in considering 
the development of the medulla oblongata (page 91), that the tractus solitarim 
(fig. 147), derived from the fibres which grow inwards from the ganglion-rudiments 
of the glossopharyngeal and vagus nerves, is the homologue of the m^al bundle 
in the medulla spinalis which has its origin in the posterior nerve-roots. Tile motor 
nerves arise as outgrowths cf the neuroblasts situated in the basal laminas of the 
mid- and hind-brain. While, however, the spinal motor nerve-roots arise in one 
series from the basal lamina, the cerebral motor nerves are grouped into two sets, 
according as they spring from the medial or lateral parts of the basal lamina. To 
the former set belong the oculo-motor, trochlear, abducent, and hypoglossal nerves ; 
to the latter, the accessory, and the motor fibres of the trigeminal, facial, glosso- 
pharyngeal, and vagus nerves (figs. 146, 147). 

tW sympathetic system.— The ganglion-cells of the sympathetic system are 
derived from the cells of the neural crests. These crests move forwards dong 
the sides of the neural tube and liecome segmented to form the spiiial ganglia ; 
certain cells detach themselves from the ventral margins of the crests and migrate 
towards the sides of the aorta, where some of them are grouped to form the ganglia 
of the sympathetic trunks, while others undergo a further migration and form 
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DEVELOPMENT OF’THE CHROMAFFIN ORGANS 

the gwglie of the prevertebial and visceral plexuses. The ciliary, sphenopalatine, 
otic, and submaxillary ganglia are probably formed by groups of cells which have 
nngrated from that part of the 

neural crest which gives rise to Fxg. 146. — Transverse section of the medulla 
the ’semilunar ganglion. oblongata of a human embryo, x 32. (From 

Ohr omafl^n organs. — The Xollmann*s li^ntwlckolungsgeschichte.) 
tissue from which the sympa- 
thetic ganglia are formed is at 
first a syncytium of cells termed 
sympathochromaffin cells, but 
later two kinds of cells become 
differentiated from it ; the 
smaller cells (sympathoblasts) 
are transformed into the sympa- 
thetic nerve-cells, ■ the larger 
become chromaflSn cells, and, 
separating from the others, 
accumulate to form the chro- 
maffin organs. In the gang- 
liated trunk of the sympathetic 
the chr'omaffin bodies are situ- 
ated in depressions in the ganglia. 

In connexion with certain, but 
not all, of the secondary plexuses 
of the sympathetic system chro- Floor^faie 

maffin organs arc found ; the 

largest members of this series are the aortic bodies, which lie along the sides 
of the abdominal aorta between the superior mesenteric and common iliac 
arteries ; to this group belong also the carotid glmnera (carotid bodies). After 
birth the chromaffin organs degenerate and can no longer be isolated by gross 
dissection, but chromalBn tissue can be recognised with the microscope in the 
sites originally occupied by them. 

The suprarenal glands. — Each suprarenal gland 'onsists of a cortical portion 
derived from the coelomic epithelium and a medullary portion originally composed 
of sympathochromaffin tissue. The cortical portion is first recognisable about 

Fig. 147. — Transverse section of the medulla oblongata ol a human embryo. 

(After His.) 
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the beginning of the fourth week as a series of buds from the ccelomic cells at the 
root of the ihesentery. Later it becomes completely separated from the coelomic 
epithelium and forms a suprarenal ridge projecting into the coelom between the 
mesonephros and the root of the mesentery. Into this cortical portion cells from 
the neighbouring masses of sympathochromaffin tissue migrate along the line of its 
central vein to reach and form the medullary portion of the gland. 
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- ^ Site .Hoifc— -like development of the nose has already bee® considered (p^S^S- 

The oVdctory nerves are developed from the cells of the ectoderm which line the 
olfactpry pita ; these cells undergo proliferation and give rise to what are termed 


Fig. 148. — Transverse section of the head of a chick embryo of forty-eight hours 
incubation. (From Diivars Atlas d’Embryologie.) 
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the olfactory cells of the nose. The axons of these cells grow into the overlying 
olfactory bulb and form the olfactory nerves. 

The Eye. — The rudiments of the eyes ^P^^ar as a pair of hollow diverticula from 
the lateral aspects of the fore-brain. These diverticula are visible before the 
closure of the anterior neuropore ; after its closure they are known as the optic 
vesicles. They project towards the sides of the head, and the peripheral part of 

each expands to form the optic 
Fig. 149. — Transverse section of the head of a huJb, while the proximal part 
chick embryo of fifty-two hours* incubation. remains narrow and consti- 
(From Duval’s Atlas d’Embryologie.) tuteg the optic stalk (figs. 148, 

149). A small area of ectoderm 
overlying the optic bulb becomes 
thickened, and ultimately sepa 
rated as the lens vesicle, or 
rudiment of the crystalline lens. 
The outer wall of the optic bulb 
increases in thickness, and under- 
goes invagination sq that the 
bulb is converted into a cup, 
the optic owp, consisting of two 
strata of cells (fig. 149). These 
two strata are continuous with 
each other at the cup-margin, 
which ultimately ovetlaps the 
front of the lens and reaches as 
far forward as the future aper- 
tme of the pupil. * The invagina- 
tion is not limited to the outer wall of the bulb, but involves also its posteto-inferior 
surface and extends in the form of a groove for some distance along the optic stalk, 
and thus, for a time, a gap or fissure, the chorioiM fissure, exists in the lower part 
of the cup (fig. 150). Through the groove and fissure the mesoderm extends into 
the optic stalK and cup, and in this mesoderm an artery is developed ; during the 
seventh week the groove and fissure close, and the artery forms the central artery 
pt the retina, ifometimes the chorioidal toure persists, and wheni this occuw 
ohorioid and iris in the region of the fissure remain undeveloped, giving rise to 
the j^dition known as cotl^geniial colcboma of the chorioid or iri^. 

; retina is developed from the, optic cup. The outer Btratum;Of th^; cup 

a sin^e layer of ceB(e ; these ceBa assume a columnar shape, acquiije;pigment, 
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The cells of the inner or retinal layer of the optic cup differentiate into spongioWasts 
and gernnnal colls, and the latter by their subdivisions give rise to n cur oblasts, hrom 
the spongioblasts the sustentacular fibres of Mtiller, the outer and inner limiting mem- 
branes, together with the groimd-%vork of the molecular layers of the retina, are lormed. 
The iieuroblasta become arranged to form the ganglionic and nuclear layers. J-be 
of rods and cones is first developed in the central part of the optic cup, and from "bere 
gradually extends towards the cup margin. All the layers of the retina are completed 
by the eighth month of fcetal life. 

The optic stalk is converted into the optic nerve by the obliteration of its cavity 
and the growth of nerve-fibres into it. Most of these fibres are centripetal, and 


Fig. If52. — Sagittal section of the oje of a huma]i embryo of six weeks. (Kollnuiiiu.) 
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are the axons of the nerve-cells of the ganglionic layer of the retina, but a few are 
centrifugal and are derived from nerve-cells in the brain. The fibres of the optic 
nerve receive their medullary sheatlis about the tenth week after birth. The optic 
chiasma is formed by the meeting and partial decussation of the fibres of the two 
optic nerves. Behind the chiasma the fibres are continued backwards as the optic 
tracts to the thalami and mesencephalon. 

The crystalline lens is developed from the lens -vesicle, which recedes wHliin 
the margin of the cup, and becomes separated from the overlying ectoderm by 
mesoderm. The cells forming the posterior wall of the vesicle lengthen and are 
converted into the lens-fibres, which grow forward and fill up the cavity^of the vesicle 
(fig. 151). 'Die cells forming the anterior wall retain their cellular character, and 
forin the epithelium on the anterior surface of the fully developed lens. By the 
second month the lens is invested by a vascular mesodermal capsule, the oapsula 
vdseidosa lentis, the anterior part of which, covering the front of the lens, is named 
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the pupilla/ty membrane \ the blood-vessels * supplying the posterior peart of this 
capsule are derived from the hyaloid artery ; those for the anterior part from the 
anterior ciliary arteries. By the sixth month all the vessels of the capsule are 
atrophied except the hyaloid artery, which disappears during the ninth month 
of total life ; after birth the position of this artery is indicated by the hyaloid 
canal, which reaches from the optic disc to the posterior surface of the lens. With 
the loss of its blood-vessels the capsula vasculosa lentis disappears, but sometimes 
the pupillary membrane persists at birth, giving rise to the conation termed con- 
genital atresia of the pupil. 

The vitreous body is developed between the lens and the optic cup. The lens- 
rudiment and the optic vesicle are at first in contact with each other, but after the 
closure of the lens-vesicle and the formation of the optic cup the former is withdrawn 
from the retinal layer of the cup ; the two, however, remain connected by a network 


Fig. 15&. — Section of the developing eye of a trout. (S/,ily.) 
Lem Blood-vessel 



of delicate protoplasmic processes. This network, derived partly from the colls 
of the lens and partly from thosi^ of the retinal laviu* of the cup, constitutes the 
primitive vitreous body (figs. 152, 153).'" At first these protoplasmic processes spring 
from the whole of the retina! layer of the cup, but lattu’ are limited to the ciliaiy 
region, where by a process of condensation they apt)ear to form the zonula ciliaris. 
The mesdderm which enters the cup through the chorioidal fissure and around 
the equator of the !ens becomes intimately united with this reticular tissue, and 
contributes to form tlie vitreous body, which is therefore derived partly from the 
ectoderm and partly from the mesoderm. 

The anterior chamber of the eye appears as a cleft in that part of the mesoderm 
which intervenes between the lens and the ectoderm. The layer of mesoderm in 
front of the cleft forms the substantia propria of the cornea, that behind the cleft 
the stroma of the iris and the pupillary membrane. The fibres of the CiliarivS muscle 
are derived from the mesoderm, but those of the Sphincter and Dilatator pupilto 
are of ectodermal origin, being developed from the cells of the pupillary part of the 
optic cup. * 

The sclera and chorioid arc derived from the mesoderm surrounding the optic cup. 

The eyelids are formed as small cutaneous folds (figs. 149, 150). About the 
middle of the third month their edges come together and unite in front of the cornea ; 
they remain united until about the end of the sixth month. 
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The laicsimal sac and nasolacrimal duct result from a thickening of the ectoderm 
in the groove {naso-optic furrow) between the lateral nasal and maxillary processes. 
This thickening forms a solid cord of cells which sinks into the mesoderm ; during 
the third month the central cells of the cowl break down, and a lumen, the naso- 
lacrimal duct, is established The lacrimal ducts arise as buds from the uppefp^ 
of the cord of cells and secondarily establish openings (puncta lacrimalia; on '^e 
margins of the lids. The epithelium of the cornea and conjunctiva, and that which 
lines the ducts and alveoli of the lacrimal gland, is of ectodermal origin, as are also 
the eyelashes and the lining cells of the glands which open on the nutrgins of the lids. 


Fig, 154. — Section through the head 
of a human embryo, about twelve 
days old, in the region of the liind- 
brain. (Kollrnann.) 



Fig. 155. — Section through the 
hind-brain and auditory vesicles 
of an embryo ,more advanced 
than that of fig. 154. (Aftt'i* His.) 



Fig. 156. — Left auditory 
vesicle of a human em- 
bryo of four weeks, 
seen from the outer 
surface. (\V. His, 
jun.) 

Ductus endo- d uditory vesicle 
fifniphaticus \ 



Flu. 157. — Left auditory vesicle of a human 
embryo of live weeks, seen from the outer 
surface. (\V. His, jun.) 



If udi merit of cochlear duct 


The ear. — The first rudiment of the internal ear appears shortly after that of 
the oye, in the form of a patch of thickened ectoderm, the auditory plate, over the 
region of the hind-brain. Tlie auditory plate is invaginated and converted into 
the auditory pit (fig. 154). The mouth of the pit is then closed, and thus a shut 
sac, the auditory vesicle or (Oocyst, is formed (fig. 165) ; from it the epithdial liuing 
of the membranous labyrinth is derived. The vesicle assumes a fiask-shape, and 
the neck of the ^k is obliterated (fig. 166). From the vesicle certam divWula 
are given off which form the various parts of the membranous labyrinth. One 
from the middle part forms the ductus and saccus endolymphaticus, A second from 
thesanterior end, elongates, and forms the coiled tube of the cochlear duct, the 
. proximal or vestibular extremity of which is subsequently constricted to form tlus 



DEVELOPMENT OP THE EAR 107 

caiux>lis reunfens.' Three othi^ra appear as disc-like cvaginations on the surface 
of the vesicle ] the central parts of the walls of the discs coalesce and disappear, 
while the peripheral portions per- 


sist to form the semicircular ducts ; Fio. lt)8.— -Left membranous labyrinth 

of these the. superior is the firsthand of a human embryo of 30 mm, 

the lateral the last, to be completed (From model by \V. His, jun.) 

(fig. 167). The central part of the 

vesicle represents the membranous a. 

vestibule, and is subdivided by a i9|r 
constriction into a smaller ventral ^ 

5 apt, the saccule, and a larger ||| 
orsal and posterior part, the ™ , 9 

utricle (fig. 158). This subdivision Jm 

is effected by a fold which extends 

the ductus endolyinphaticus, with 
the resijilt that the utricle and sac- 

cule ultimately communicate with ffS^KKk^catuiUs 

each other by means of a Y-shaped rcunieas 

canal. The saccule opens into the 
cochlear 'duct, through the canalis 

reuniens, and the semicircular ducts Jw 

communicate with the utricle. 

The mesoderm surrounding the 
various parts of the epithelial laby- 
rinth is converted into a cartilagi- 
nous ear-capsule, and this is finally ossified to form the bony labyrinth. The 
portion of the capsule which envelopes the semicircular canals chondrifies before 
that which surrounds the cochlea. For a time the cartilaginous capsule is incom- 
plete, and the cochlcfer, vestibular, and genicular ganglia arc situated in tlie gap 
between its canalicular and cochlear parts. These ganglia are soon covered by an 

outgrowth of cartilage and at the same 
Fig. 159.— Tubercles from which the time the facial nerve is bridged by a 

different parts of the auricula are growth of cartilage from the cochlear to 

developed. (‘His.) the canalicular parts of the capsule. 

.. Between the cartilaginous capsule and 

epithelial wall of the labyrinth a 
• IwBBF stratum of embryonic connective tissue 

4 ^ is established, and in it the perilymphatic 

spaces are developed. Streeter* states 
that the rudiment of the vestibular peri- 
lymphatic space, or periotic cistern as 
' he suggests this space should be named, 

' ^ ^ ^ embryo of from 3U to 

40 mm. in length, in the reticulum 
‘ between the saccule and the fenestra 

V ' vestibuli. The scala tympani is next 

■ En 3fa„diM,irarch developed, aiid begins opposite the fenes- 
\ I tra cochlo®. The scala vestibuli, the last 

W L •„ to appear, is dev^jloped as an extension 

\ downwards of the vestibular perilym- 

phatic space. The two scalae gradually 

1, 2 . Tubfirclf^s on maadibular nreh. 3. Tubercle extend along the ductUS cochlcaris and 
above sroove. 3, c. pTOIotia^tloTi of 3 downwnrd^. thpv roach thf^ f'.ln of diicf' a 

4, 5, 6. Tubercles on hyoid arch. o*i>. Auditory 5 01 ine auct, a 

voskie. free opening is developed between them, 

and this represents the helicotrema. 
The modiolus and osseous spiral lamina of the cochlea are not preformed in cartilage 
but are ossified directly from connective tissue, 

Th6 auditory tube and t 3 nnpanic cavity were formerly regarded as being derived 
from the first phatyngeal pouch, but J. Ernest Frazer t bas recently pointed out 


Fig. 159. — Tubercles from which the 
different parts of the auricula are 
developed. (‘His.) 
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* American Journal 0 / Ana;tomif^ vol. xxi. 
t^oiiraaf of Anatofnp and Phpaioloyy, vol. xlviii. 
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that they are developed from a recess, the tnhoty^npanic recess, between the first 
and third visceral arches, the floor of the recess consisting of the first and second 
arches and the first and second pharyngeal pouches. By the forward gro\jth 
of the third arch the inner part of the recess is narrowed to form the tubal region 
and the inner part of the s(?cond arch is excluded from this portion of the floor. 
The outer part of the recess is subsequently developed into the tympanic cavity, 


Fio. 160. — Left auriculae of human embryos estimated to bo thirty-five and 
thirty-eight days old respectively. (After HLs.) 



Fio. 161. — Auricula hi a more 
advanced stage of devolopiiiont 
than those reprcsentcil in fig. 
360. 
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and the floor of this part forms the outer wall of the tympanic cavity up to about 
the level of the chorda tympani nerve. From this it will be seen that the outer 
wall of the tympanic cavity ‘ has both first and second arch elements iti it, the 
share taken by the first arch being limited to the part in front of the handle of the 
malleus. The area of the second arch includes the outer wall behind this, and 
turns on to the back wall to take in the tympanohyal legion.^ During the sixth or 
seventh month the tympanic antrum appears as an upward and backward expansion 
of the tympanic cavity. 

With regard to the exact, mode* of development of the ossicles of the middle 
ear there is some difference ot opiniiin. The view generally held is that the incm 

and malleus are developed from the dorsal 
end of the mandibular (Meckels) cartilage 
(fig. 116) and the siajtes from the dorsal median 
portion of the second arch. The malleus, with 
the exception of its anterior process, is ossified 
from a single centre which appears near the' 
neck of the bone ; the anterior process is 
t)ssified separately in membrane. and joins the 
main part of the bone about the sixth month 
of foetal life. The incus is o.ssified from one 
centre which appears in the upper jiart of its 
long crus and ultimately extends* into its 
lenticular process. The stapes first appears 
as a ring (annulus stapedis) enciicling a small 
vessel, the stapedial artery, whiqh subsequently 
undergoes atrophy ; the stapes is ossified from 
a single centre which appears in its base. 

The external acoustic meatus is developed 
from the first branchial or outer pharyngeal 
poove. The lower part of this groove extends inwards as a funnel-shaped t^be 
•(primary meatus) from which the cartilaginous portion and a small part of the roof 
of the o^eous portion of the meatus are developed. From the lowtr part of the 
lunnel-shaped tube an epithelial lamina (meatal plate) extends downwards and 
inwards along the floor of the tubotympanfe recess ; by the splitting of this lamina 
the inner part of the meatus (secondary meatus) is produced, while the inner portion 
,of the lamina forms the cutaneous stratum of the tympanic membrane The 
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fibrous stratum of the tympanic membrane is formed from the mesodern\ which 
extends between the meatal plate and the entoderm of the floor of the tubotympanic 
recess. 

The auricula or pinna is developed by the gradual differentiation of six tubercles 
(fig. 159) which appear around the margin of the first branchial groove. Two 
tubercles appear on the posterior edge of the mandibular arch ; these represent 
the rudiments of the tragus and crus helicis. Three are found on the hyoid arch, 
and indicate, from below upwards, the lobule, antitragus, and antihelix. One 
arises dorsal to the first branchial groove, and grows downwards behind the antitragus 
and antihelix ; from it and its downward prolongation the upper part of the helix 
and the cauda helicis are developed (figs. 160, 161). Some observers, however, 
maintain that the lowest tubercle on the hyoid arch becomes the antitragus, and 
that the lobule is developed later as an independent formation. The rudiment of 
the OQOUStio nerve appears about the end of the third week as the acoustic ganglion 
which is closely applied to the cephalic edge of the auditory vesicle. Whether 
the cells of this ganglion are derived from the ectoderm adjoining the auditory 
vesicle, or have migrated from the wall of the neural tubci, is as yet undetermined. 
The acoustic ganglion divides into the vestibular ganglion and the spiral ganglion 
of the cochlea. Their nerve-cells are bipolar, each sending a proximal fibre into the 
neural tube, and a distal fibre to the epithelial cells of the auditory vesicle. 


DEVELOPMENT OF THE VASCULAR SYSTEM 


Blood -(H)rpuacles and blood-vessels first make their appearance between the 
entoderm and the mesoderm of the yolk-sac in what His named the angiobla^t.* 
Here the cells become arranged into solid strands or cords, and these join to form 
a close-meshed network, the area 

vascuhsa, which covers the entire Ftg. 162. — Section through tlie vascular area 

yolk-sac. The peripheral cells of to show difForontiati.;n of pri.niHvc vasc.lar 
these strands become flattened and ‘agramma ic.) 

joined to each other by their edges ^lesoderm 
to form the endothelium of the walls 
of the primitive blood-vessels. Fluid 
collects within the strands and con- 
verts them into tubes, and the more 
centrally situated cells of the cell- 
cords are thus pushed to the sides of 
the vessels and appear as masses of 
loosely -arranged cells projecting towards the lumen of the tube. These masses are 
termed blood-islands (figs. 162, 163) ; their cells are detached to form the primary 
blood-corpuscles (mesamoeboids of Minot). The earliest blood-vessels, therefore, are 
formed at several separate centres ; from the walls of these vessels buds grow out, 

become vascularised and converted 

Fig. 163. — Section through a developing blood 
vessel. (Diagrammatic.) 
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into new vessels, and join with 
those of neighbouring areas to form 
a close meshwork. It is uncertain 
whether the vessels within the 
body of the embryo are exteusions 
from this network (His) or whether 
they are of new formation. Most 
observers agree, however, that, 
after the aort® have appeared, no 
other independent vessels are laid 
down, i.e. all new vessels are 
derived from pre-existing ones. 

The red and the colourless corpuscles of the blood are all derived from the 
mesamoshoids. ^ The earliest blood-corpuscles are thus all nucleated ; they are 
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* ttoeent olwervations show that blood-islands and bloml-vesscls appear in the l>ody>stalk 
and chorion independently of, and previous to, those of the yolk-sac. (Consult an article “ On 
the earliest blood-vessels in Man by J. L. Bremer in the Anatomical Record^ vol. viii. Feb. 
19U.) 
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also^oapabb of aubdiviaion and of executing amoeboid movements, Some meeamoe- 
boidei acquire colouring matter (heemoglolbin) ; their nuclei disintegrate aiid are 

extruded, and the non- 

Fia. 164.— Transverse section through the region of nucleated red corpuscles 

the heart in a rabbit embryo of nine days. X 80. or erythrocytes fcsult. 

(Kailiker.) Other mesamceboid cells/ 

retain their nuclei ; sonii^ 
remain in the blood as the 
leucocytes ; others wander 
out into the tissues, par- 
ticularly into the liver, lym- 
phoid tissues, and marrow 
of the bones, where they 
form specialised collections 
from which the corpuscles 
of the blood are regener- 
ated. From the mesamoe- 
boid cells five chief forms 
are derived : (1) erythro- 
cytes, (2) lymphocjrtes, (3) 
finely granular <iv neutro- 
phil leucocytes, (4) coarsely 
granular or eosinophil 
leucocytes, (5) degenera- 
ting or basiphil leucocytes. 



ah. Outtr wall of heart, ao. Aorta, bl. Croamnlon. e'. Septum 
beureen heart-tubes, ect. Ketoderm. ent. Entoderm, ih. Endothelial 
lining of heart, j.i. Jugular veins, p. Pericardium, p/*. Pharjmx. 
8om. Somatopleure. spl. Splanchnopleure. 

Fio. 165. — Diagram of the vascular channels in a 
human embryo of the second week. (After 
Eternod.) (From Quain's Elements of Anatomy, 
vol. i., Embryology.) 
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^fiuot describes three 
stages in the development of 
the red blood-corpuscles : — 
(a) ihc ichthyoid blood^cells 
coutainiug granular nuclei, 
mid representing tbo perma- 
nent blood-cells of fishes ; (h) 
the Siiuroid blood-cclh de- 
rived from but smaller than 
the former; they represent 
the permanent blood-i*.ells of 
reptiles, and their nuclei 
contain a dense network of 
chromatin which stains very 
deeply ; (o) the bJood->j)Uis1ifh 
or earlv red blood-corpuscles 
which are at first spherical 
in shape ; they are non -nucle- 
ated and found only in 
mammals. 

The earliest stages of 
the development of the 
human heart and blood- 
vessels have not yet been 
seen, but it ^nay be as- 
sumed that they are simi- 
lar to those occurring in 
other mammals. Asalready 
stated (page 109), blood- 
vessels are first developed 
in the wall of the yolk-sac - 
(or in the body stalk and 
chorion), and it is still a 
matter of doubt whether 
the blood;vessels within 
the embryo arise as exten- 
sions from those of . the 
(His), or are developed from vascular cells ^ situ, and subsequently 
connexions with those of the yolk-sac. . . 
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The red lines are the dorsal aorta> continued into the umY)ilical 
arteHes, The red dotted lines arc the ventral aortsp, and the blue 
dotted lines the vitelline veins. 
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'The iirsi; irudime^t of the heart appejers iu the form of a pair of tubular vessels 
(pnOOEttive aortss) which are developed in the stdanchnopleure of the pericardial 
■ «u«a (fig. 164). These two vessels run backwards, one on either side of the notochord, 


Fig. 166 , — Human embryo about fourteen days old with yolk-sac. (After His.) 
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and pass into the body-stalk along which they are carried as the umbilical art-eries 
to the chorion. 

By the forward growth and flexure of the head th'i ])ericardial area and the 
anterior portions of the primitive aortro are folded under the head and come to 
lie on the ventral aspect of the fore -gut, and euch vessel now consists of a ventral 
and a dorsal part united by an arch ; these three parts are named respectively the 


Fio. 167. — Head of a chick embryo about thirty-eight houra old, viewed from the 
ventral surface, x 26. (From DuvaFs Atlas d’Embryologio.) 



ventjtal aorta, the dorsal aorta, and the first aortic arch. . The first aortic arches 
p^s through the mandifoular arches, and behind them five additional pairs sub- 
s.^queutly develop, so that altogether six pairs of aortic arches are formed. 
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In the pericardial region the two primitive aorta?, which from the first lie close 
together, come into contact and the partition between them disappears, and thus 
a single tubular heart is formed (fig. 167) ; from the cephalic end of the heart the 
ventral aortje arise and into its caudal end the umbilical and vitelline veins pour 
their contents. 


Fi<i. 168. — l)irtgram to illustmte 
tho simple tubular fnn»lition of 
the heart. From Fokpr-7.ii.*gler 
model.) 



Fig. 109.— -Heart of a human embryo 
of about fourteen days. (From a 
model by ilis.) 



Eternod * describ(;d the circulation in a human embryo which measured 1 3 mm. 
in length and was devoid of mesodermal somites (fig. 165). Tho rudiment of the 
heart was situated immediately below the fore-gut and consisted of a short stem. 
It gave ol! two vessels, the primitive aorta?, which ran backwards, one on either 
side of the rudiment of the notochord, and then passed into the body-stalk, along 
which they were carried to the chorion. Fiom the chorionic villi the blood was 
returned by a pair of umbilical veins which united in the. body -stalk to form a single 
vein (vena umbilicalis impar) ; on reaching the embryo this vein divided into two 


Fig. 170. — Heart of a human embryo of about fifteuii days. (Reconstruction by His.) 



which encircled the mouth of the yolk-sac and opened into the heart. At the 
jimction of the yolk-sac and body-stalk each vein was joined by a transitory vitelline 
vein from the vascular plexus of the yolk-sac. ^ 

The transitory vitelline veins are replaced by the true vitelline veins which return 
the blood from the yolk-sac, and enter the embryo through the anterior wall qf the 

"Ana/, Ameifferf Bd. xv. 1899. 
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umbilical orifice (figs. 166, 167). They then traverse the septum transversum, a band 
of mesoderm which lies between the pericardium and the yolk-sac ; in this septum 
each vitelline vein unites with the corresponding umbilical vein to form the common 
vUelh-UfMlical vein which opens into the caudal end (sinus venosus) of the tubular 
heart. The vitello-umbilical veins are soon joined by a pair of anterior cardinal 
r primitive jugular veins from the head, and a little later each anterior cardinal 
jin is joined by a posterior cardinal vein from the trunk and limbs and the short 
runk (duct of Cuvier) formed by the union of these two veins opens into the corre- 
sponding vitello-intestinal vein. The sinus venosus expands in a transverse direction 
and incorporates the adjoining parts of the vitello-umbilical veins wliich come to 
form the right and left horns of the sinus ; into either horn of the sinus the three 
venous trunks, viz. the vitelline vein, the umbilical vein and the duct of Cuvier, open. 
The liver is developed in the septum transversum, and in the course of its devclop- 


Fig. 171. — Dorsflfl surface of the heart of a human embryo of thirty-five days. 

(From model by His.) 



ment the vitelline and umbilical veins undergo important transformations w'hich will 
be explained later (page 139). 

With the atrophy of the yolk-sac the vitelline circulation diminishes and ulti- 
mately ceases, and an increasing amount of blood is carried through the umbilical 
arteries to the villi of the chorion. Subsequently, as the non-placental chorionic 
villi atrophy, their vessels disappear ; and then the umbilical arteries convey the 
whole of the blood from the embryo to the placenta, whence it is returned to the 
embryo by the umbilical veins. 

Further development of the Heart. —The simple tubular heart, already described 
(page 111), elongates and bends so as to form an S-shaped loop, the anterior part 
convex ventfally and to the right, and the posterior, dorsally and to the left (fig. 169). 
The intermediate portion arches transversely from left to rights and then turns 
sharply forward into the anterior part of the loop. Slight constrictions make their 
appearance in the tube and divide it from behind forwards into five parts, viz. : 
(1) the sinus venosus ; (2) the atrium ; (3) the ventricle ; (4) the btdbm cordis, and » 
(5) the truncus arteriosus (fig. 169). The constriction between the atrium and 
ventricle constitutes the atrial canal, and indicates the site of the future atrio- 
ventricular valves. 

The sinus venosus is situated in the septum transversum behind the atrium, 
and opens into the latter by a median aperture. The sinus is at first placed trans- 
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versdy but soon aeaumes an oblique position and a crescentic shape (fig- 171); 
ita right half dr horn increases in size more rapidly than its left, and the sinus ope^ 
into the right portion of the atrium. The right horn of the sinus is ultimately 


Fig. 172. — Interior of the dorsal half of the heart of a human embryo of about tltirty 

(From a model by His.) 
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incorporated with and forms a part of the right atrium, the line of union between 
it and the auricula being indicated in the interior of the adult atrium by a vertical 
crest, the crista terminalis of His. The left horn, which ultimately receives only 
the left duct of Ouvier, persists as the coronary sinus (fig. 171). The vitelline and 
umbilicalf veins are later replaced by a single vessel, the inferior vena cava, and the 


Fig. 173. — Heart showing expansion of the atria. (From Eckor-Ziegler model.) 



three veins (inferior vena cava and right and left ducts of Chivier) open into the 
, dorsal part of the atrium by a oommon slitdike aperture (fig. 172). The upper part 
.of ^i^ apertme represents the opening of the permanent superior vena cavii, the 
luWter .that of. the imerior vena eara, a^ the intermediate part the orifice, of the 
sinus.' ThesUtdike aperture Hes oUiquely, and is guarded by two Talves,, 
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the rigU end left venous valves ; above the opening these unite with each other and 
ate continuous with a fold named the septum spurium ; below the opening they fuse 
to fotxu a triangular thickening — the spina vestibulL The right venous valve is 
retain^ ; its cephalic portion, together with the septum spurium, forms the crista 
termuialhi already mentioned. A small septum, the sinus septum, grows from 
the posterior wall of the sinus venosus to fuse with the right venous valve and 
divide the rest of it into two parts— an upper, the valve of the inferior vena 
cava, end a lower, the valve of the corqaiary sinus. The upper and middle thirds 
of the left venous valve disap]Mar ; the lower third is continued into the spina 
vestibuli, and later fuses with tno septum secundum of the atria and takes part in 
the formation of the limbos fossse ovalis. 

The atrial canal is at first a short straight tube connecting the atrial with the 
ventricular portion of the heart, but its growth is relatively slow, and it becomes 


Fig. 174. — -Interior of the dorsal half of the heart of a human embryo of about 
thirty-five days. ' (From a model by His.) 
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overlapped by the atria and ventricles so that its position on the surface of the heart 
is indicated only by an annular constriction (fig. 173). Its lumen is reduced to a 
transverse slit, and two thickenings, or endocai^ial cushions (fig. 172), appear, one 
on its dor^U and the other on its ventral wall. These endocardial cushions project 
into the atrial canal, and, meeting in the middle line, unite to form the septum 
intermedium which divides the canal into two channels, the future right and left 
atrioventricular orifices. 

The atrium grows rapidly, and expanding laterally, partially encircles the bulbus 
cordis j the latter ‘ comes to lie in a groove which is the first indication of a 
division into right and left atria. The cavity of the atrium is divided mto right 
and left chambers by a septum, the septum primum (figs. 172, 174), which gpws 
from the dorsal to the ventral wall of the cavity. For a time the atria communicate, 
with each other by an opening, the o.stium primum of Born, in^ front of the free . 
margin of the septum primum. This opening is closed by the union of the septum 

S rimum with* the septum intermedium, but before this occurs a new opening is 
evdoped in the upper part of the septum primum ; this new^ opening is Imown 
as the foramen ovale (ostium secundum of Born) and persists until birth. A second 
septumr seomdum (fig. 176), crescentic in shape, grows from the upper 
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and dorsal wall of the atrium immediately to the right of the septum primum and 
foramen ovale. The horns of this crescentic septum secundum fuse with the 
ventral part of the septum primum, and the intervening fre(5 part of the septum 


Fig. 176. — Heart of a human embryo of about thirty-five days, opened on right side. 

(From a model by His.) 



secundum overlaps the foramen ovale and septum primum ; the dorsal part of the 
latter septum acta as a flap-like valve which allows the blood to flow from the right 
into the left atrium, but not in an opposite direction. After birth, the free edge of 
the septum secundum blends with the septum primum and the foramen ovale is 
closed 'f sometimes the fusion is incomplete and the upper part of the foramen 


Fio. 170. — Diagrams t<; illustrate tin? transh)ruiatioii of the biilbus cordis. (Keith.) 
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single vem, and these m turn jom with one another to form a common tn^ wSch 
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opens into the left atrium. Subsequently the common trunk and the two veins 
forming it expand and form the vestibule or greater part of the left atrium, the 
expansion reaching as far as the orifices of the four veins which open separately 
into the adult left atrium. 

Hie ventricle is divided by a septum, the septum inferius or ventricular septum 
(figs. 172, 174, 175), which grows upwards from the lower part of the ventricle, its 
position on the surface of the heart being indicated later by the interventricular 


Fig. 177. — Diagrams to show the development of the septa of the aortic 
' bulb and ventricles. (Bom.) 
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sulcus. Its dorsal part increases more rapidly than its ventral portion, and fuses with 
the dorsal part of the septum intermedium. Above its ventral portion there exists 
for a time an interventricular foramen (fig. 175), but this is ultimately closed by the 
fusion of the bulbar septum with the ventricular septum. 

When the heart assumes its S-shaped form the bulbus cordis'lies in front of and 
ventral to the ventricle. The adjacent walls of the bulbus cordis and ventricle 
approximate, fuse, and finally disappear, and the bulbus cordis now communicatos 
freely with the right ventricle, while the junction of the bulbus with the truncus 
arteriosus is brought directly ventral, and applied, to the atrial canal. By the up- 
growth of the ventricular septum the bulbus cordis is in great measure separate 
from the left ventricle, but remains an integral part of the right ventricle, of which 
it forms the infundibulum (fig. 176). 

The truncus arteriosus and bulbus cordis are divided by a septum (fig. 177) which 
makes its appearance in three portions. (1) Two distal ridge-like thickenings project 
into the lumen of the tube ; these increase in size, and ultimately meet and fuse 


Fig, 178. — tTransverse sections through the aortic bulb tc» show the growth of the 
aortic septum. The lowest section is on the left, the highest on the right of 
the figure. (After His.) 
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to form the aortic septum, which takes a spiral course towards the proximal end 
of the truncus arteriosus. It divides the distal part of the truncus into two vessels, 
the aorta and pulmonary artery, which lie side by side above, but near the heart, 
the pulmonary artery is in front of the aorta. (2) Four endocardial cushions 
appear in the proximal part of the truncus arteriosus in the region of the future* 
semilunar valves ; the manner in which these are related to the aortic septum 
is described below. (3) Two endocardial thickenings-— anterior and posterior — 
develop in the bulbus cordis and unite to form a short bulbar septum ; this joins 
al^ve with the aortic septum and below with the ventricular septum. The bulbar 
septum grows down into the ventricle as an oblique partition, which ultimately 
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blends .yfith tke ventricular eeptum in such a w»y as to bring the bulbus cordis into 
cbmiawicatlpn with the pulinonaiy artery, and through the latter with the sixth 
pair of aortic arches ; while the left ventricle is brought into continuity with the 
.aorta, which communicates with the remaining aortic arches. THie completed 
ventricular septum consists of a lower, muscular, and an upper, membranous^ part ; 
the former is developed from the septum inferius, the latter from the bulbar septum. 

The valves of the heart,— The atrioventricular valves are developed in relation to 
the atjial canal. By the upward expansion of the bases of the ventricles the canal 
becomes invaginated into tne ventricular cavities. The invaginated margin forms 


Fig. 179. — Profile view of u human embryo estimated to be twenty or twenty-one 

days old. (After IT is.) 
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It has been SMn (page 111) that each prunitive aorta consists of a ventral and 
a dorsal part which are continuous through the first aortic arch. The dorsal aortie 
at first run backwards separately on either side of the notochord, but in the third 
week they fuse from about the level of the fourth thoracic to tliat of the fourth 
lumbtt. segment to form a single trunk, the descending aorta. The first aortic 
arches mn '^^u^ the mandibular arches, and behind them five additional pairs are 
developed within the corresponding visceral arches ; so that, in all, six pairs of aortic 
arches are formed (figs. 179, 180). The fifth arches are very transitory vessels 
connecting the truncus arteriosus with the dorsid ends of the sixth arches. The first 
and second arches pass between the ventral and dorsal aortse, while the others arise 
at first by a common stem from the truncus arteriosus, but end separately in the 
dorsal aortae. As the neck elongates, the ventral aortas are drawn out, and the third 
and fourth arches arise directly from these vessels. 


Fio. 180,~Schernc of the aortic nrches and their transformations. 
(Modified from Kollrrmnn.i 
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In fiisheB the aortic arches persist and giv'c off branches to the gills, in which the 
blood is oxygenated In mammals some of the arteries remain as permanent 
structures, while others disappear or are obliterated (fig. 180). 

The verbal aaitw. — ^Th^se persist on both sides. The right ventral aorta forms, 
as far as t£e fourth aortic arch, th^ innominate artery, and beyond that arch the right 
common and external ca^-itid arteries. Tho left gives rise to (a) the portion of the 
aortic arch between the orimns of the innominate and left common carotid arteries ; 
(6) the left common and exuerral carotid arteries. 

The OiOrtic arches . — ^The first and second arches disappear, but the dorsal end of 
the second gives origin to the stapedial artery (fig. 181), a vessel which atrophies in 
man but persists in some mammals (e.g. the rat). 

The stapedial artery passes through the ring, of the stapes and divides into supra-, 
orbital, infraorbital, and mandibular branches which follow the three divisions of the 
trigeminal nerve. The infraorbital and mandibular branches arise from a conmiou 
stem, tho terminal part of W'hich anastomoses with the external carotid. On. tlie 
obliteration of the stapedial artery this anastomosis enlarges and fonhs the internal 
maxillary artery, and the branches of the stapedial artery are now' branches of this vessel. 
The common stern of the infraorbital and mandibular branches passes between the two 
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roots of the auriculotemporal nerve and becomes the middle meningeal artery, the 
original supraorbital branch of the stapedial is represented by the orbital twigs ot tne 
middle meningeal artery. 

The third aortic arch constitutes the commencement of the internal carotid 
artery, and is therefore named the carotid a/rch. The fourth arch forms the 
right subclavian as far as the origin of its internal mammary branch, while the fourth 
left arch constitutes the arch of the aorta between the origin of the left common 


Fig. 181. — Diagram showing the origins of the main branches of the carotid arU?ries. 
(Founded on Tancller.) (From Qiiain’s Elements of Anatomy, vol. i., 
Embryology, T. H. BryiJO.) 
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carotid artery and the termination of the ductus arteriosus. The fifth* arch dis- 
appears on both sides. The sixth right arch disappears ; the sixth left arch gives 
off the pulmonary arteries and forms the ductus arteriosus ; this duct remains 
pervious during foetal life, but is obliterated a few days after birth and forms the 
ligamentum arteriosum of the adult. His showed that in the early embryo the sixth 
arch on either side gives a branch to the corresponding lung, but later both pul- 
monary arteries take origin from the left arch. 

The dorsal aortce . — In front of the third aortic arches the dorsal aortas' persist 
and form the contmuations of the intenial carotid arteries ; these arteries pass to. the 
brain, and each divides into an anterior and a posterior branch, the former giving 
off the ophthalmic and the anterior and middle cerebral arteries, while the latter 
turns back and joins the cerebral part of the vertebral artery. Behind the third 
arch the right dorsal aorta disappears as far as the point where the two dorsal aortss 
fuse to form the descending aorte. The part of the left dorsal aorta between the third 
and fourth arches disappears, while the remainder persists to form the descending 
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part of the .arch of the aorta. A constriction, the aortic isthmus , is sometimes 
seen in the aorta between the origin of the left subclavian and the attachment 
of the ductus arteriosus. 

Sometimes the right subclavian artery arises from the aortic arch distal to the 
orim of the left subclavian and passes upwards and to the right behind the trachea 
and oesophagus. This condition may be explained by the persistence of the right 
dorsal aorta and the obliteration of the fourth right arch. 

- ' In birds the fourth right arch forms the arch of the aorta ; in reptiles the fourth 
arch persists on both sides and gives rise to the double aortic arch in these animals. 

The heart originally lies on the ventral aspect of the pharynx, immediately 
caudal the stomodseum ; with the elongation of the neck and the development of 
the lungs it recedes within the thorax, and, as a consequence, the anterior ventral 
aortce are drawn out and the original position of the fourth and fifth arches is greatly 
modified. Thus, on the right side the fourth arch recedes to the root of the neck, 
while on the left side it is withdrawn within the thorax. The recurrent nerves origi- 
nally pass to the larynx under the sixth pair of arches, and are therefore pulled back- 
wards with the descent of these structures, so that in the adult the left nerve hooks 
round the ligamentum arteriosum ; owing to the disappearance of the fifth and the 
sixth right arches the right nerve hooks round that immediately above them, i.e. 
the commencement of the subclavian artery. 

The"* primitive dorsal aortss give off ventral, dorsal, and lateral groups of 
segmental arteries. ^ 

The vefnital segmental arteries, the first to be developed, are originally paired 
vessels, but, after the fusion of the dorsal aortas, appear as unpaired trunlm ; they 
are distributed to the primitive digestive tube and to the wall of the yolk-sac. 
Three of them persist and constitute the cceliac, superior mesenteric, and inferior 
mesenteric arteries of the adult. As the viscera supplied by these three arteries 
descend into the abdomen, the vessels at the same time wander in a caudal direc- 
tion ; thus, the origin of the cceliac artery is transferred from the level of the 
seventh cervical to that of the twelfth thoracic segment, the superior mesenteric 
from the second thoracic to the first lumbar segment, and the inferior mesenteric 
from the twelfth thoracic to the third lumbar segment. 

The dorsal segmental arteries are at first distributed to the neural tube, but 
later give off parietal branches to the body-wall ; they persist in the thoracic and 
lumbar regions as the intercostal and lumbar arteries. From the seventh pair 
the entire left subclavian artery, the greater part of the right subclavian artery, 
and the proximal part of the vertebral artery are derived ; the main part of the 
cervical portion of the vertebral artery is developed from a longitudinal anastomosis 
between the first seven dorsal segmental arteries. The second dorsal segmental 
arteries run alongside the hypoglossal nerves to the brain and are named the hypo- 
glossal arteries. Each sends forwards a branch which forms the cerebral part of 
the vertebral artery and anastomoses with the posterior branch of the internal 
carotid artery ; the cerebral portions of the two vcrtebrals unite on the ventral 
surface of the pons to form the basilar artery. The hypoglossal arteries atrophy, 
and then the cervical and cerebral parts of the vertebrate are connected by means 
of the first pair of segmental arteries. 

The lateral segmental arteries supply, on either side, the mesonephros or Wolffian 
body and give branches to the testis (or ovary) and the suprarenal glands. One 
testicular •(or ovarian) artery and three suprarenal arteries persist on either side. 
The inferior phrenic artery arises as a bi^ch from the first, and the renal artery 
as a branch from the third suprarenal artery. Additional renal arteries are fie* 
quently present and may be looked on as branches of persistent lateral segmental 
arteries. 

Recent observations show that several segmental arteries contribute branches 
to the upper limb-bud and form in it a free capillary anastomosis. Of these branches 
only one, viz. that derived from the seventh segmental artery, persista to form the 
suWavian artery. The subclavian artery is prolonged into the limb under the 
names of the axillary and brachial arteries, and these together constitute the arterial 
stem for the* upper arm ; the direct continuation of this stem in the forearm is 
the volar interosseous artery. A branch which accompanies the median nerve 
soon increases in size and forms the main vessel (meditm artery) of the forearm, 
while the volar interosseous diminishes. Later the radial and ffinar arteries are 
developed as branches of the brachial part of the stem and coincidently with their 
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enlargement the median artery recedes occasionallv it persists as a vessel of some 
size and accompanies the median nerve into the palm oi the hand. i + i 

Inte primary arterial stem for the lower limb is formed by the mfenor glutei 
(sciatic) artery, which accompanies the sciatic nerve along the posterior 
the thigh to the back of the- mee, whence it is continued as the peroua»l artery. 
This arrangement persists in reptiles and amphibians. The external iHw 
and its continuation the femoral artery arise later from the common Ibac. The 
femoral passes down the front and medial side of the thigh to the bend of the hnje 
and joins the inferior glutssal artery. It quickly enlarg^, and, coinci^ntly with 
tbisj the lower part of the inferior ^utseal atrophies. The anterior and posterior 
tibial arteries are branches of the main arterial stem. 

Further Development of the Veins —The principal veins of the embryo may be 
divided into two groups, visceral and parietal. 


Fjg. 182. — The liver, and the veins in connexion therewith, of a hiifnau embi^o, twenty - 
four or twenty-five days old, as seen from the ventral surface. (After His.) 
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The visceral veins are the two vitelline veins bringing the blood from the yolk-sac, 
and the two umbilical veins returning the blood from the placenta ; these four 
veins open close together into the sinus venosus. 

The vitelline veins run upwards at first in front, and subsequently on either 
side, of the digestive tube. They unite on the ventral surface of the tube, and 
beyond this are connected to one another by two anastomotic branches, one on the 
dorsal and the other on the ventral aspect of the duodenal portion of the intestine, 
which is thus encircled by two venous rings (fig. 182) ; into the middl(ior dorsal 
anastomosis the superior mesenteric vein'x>pens. The portions of the veins above 
the upper ring become interrupted by the developing liver and . broken up by it 
into a plexus of small capillary-like vessels termed sinusMs (Minot). The vessel 
conveying the blood to this plexus are named the vencs advehmtes, and become 
the branches of the portal vein ; while the vessels draining the plexus into the 
sinus venosus are termed the venw revehentes, and form the future hepatic veins 
(figs. 183, 183). After a time the left vena revehens no longer communicates dirootlv 
with the sinus venosus, but opens into the upper part of the right vena revehens 
i(right hepatic vein). The persistent part of the upper venous ring, above the 
opening of the superior mesenteric vein, forms the trunk of the portal vein. 

The two umbilical veins fuse to form a single trunk, the vena unmlicc^ impdlr, 
in tW umbilical cord ; this trunk divides within the embiyo into the right andlbft 
umbilical vdna which pass forwar4a to the sinus vouosus in the side walls of the 
b^y. lihe the vitelline veins, th^ direct connexion of the umbUioal Veins with 
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the sinus venosus becomes interrupted by the developing liver, and the whole of the 
blood from the yolk-sac and placenta passes through the substance of the liver before 
it reaches the heart. The right umbilical and right vitelline veins shrivel and 
disappear ; the left umbilical, on the other hand, enlarges and opens into the upper 
venous ring of the vitelline veins ; with the atrophy of the yolk-sac the left vitelline 
vein shrivels and disappears. Finally, a direct branch named the ductm venosus 
is established between the upper venous ri^ and the right hepatic vein ; the ductus 
venosus enlarges rapidly and forms a wide channel through which most of the 
blood, returned from the placenta, is carried direct to the hearr, without passing- 
through the liver. A small part of the blood from the placenta is, however, conveyed 


Fig. 188 .— Human embryo with the heart and anierior body wall removed* to show 
the sinus venosus and its tributaries. (After His") (From Kollmann’s 
Entwickelungsgeschichte . ) 
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from the left umbilical vein to the liver through the left vena advehens. The left 
umbilical vein and the ductus venosus, are obliterated after birth, and form respec- 
tively the ligamentum teres and ligamentum vonosum of the liver. 

The parietal vei'ns, — h pair of short transverse veins, named the ducts of Cmier, 
open, one on either side, into the sinus venosus. Each of these ducts receives an 
ascending and a descending vein. The ascending veins return the blood from the 
parietes of the trunk and from the WolflSan bodies, and are called posterior cardinal 
veiUs. The descending veins return the blood from the head, and are called the 
anterior cardinal (primitive jugular) veins (fig. 184). The blood from the lower limbs 
is collected by the right and left iliac and hypogastric veins, which, in the earlier 
stages of development, open into the corresponding right and left posterior cardinal’ 
veins ; later^#a transverse branch (the left common iliac vein) is developed between 
the lower ]paris of the posterior cardinal veins (fig. 186), and through this the blood 
is carried into the right posterior cardinal vein. The portion of the left posterior 
cardinal vein beloW the left renal vein atrophies and disappears up to tno point 
of entrance of the left testicular vein ; the portion above the left renal vein persists 
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as the hemiazygos and accessory hemiazygos veins and the lower portion of the 
left superior intercostal vein. The right posterior cardinal vein, which now receives 
the blood from both lower extremities, forms a large venous trunk along the posterior 
abdominal wall ; up to the level of the renal veins it forms the lower part of the 
inferior vena cava. Above the level of the renal veins the right posterior cardinal 
vein persists as the azygos vein and receives the right intercostal veins, while the 
hemiazygos and accessory hemiazygos veins are brought into communication 
with it by the development of transverse branches in front of the vertebral column 
(figs. 186, 187). 

Becent observations support the view that the azygos and hemiazygos veins are^formed 
independently of the posterior cardinal veins, and Sabin* has shown, by dissections of 
injected pig embryos, that the two sets of veins are present at one and the same tiihe. 
“The posterior cardinal vein is always farther ventral and farther lateral than the 
azygos.” 


Fio. 184. — Scheme of the arrangement 
of the parietal veins. 
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Fig. 185. — Sdheme showing the 
early stages of the development 
of the inferior vena cava. 
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Inferior vena cava . — The development of the inferior vena cava is associated 
with the formation of two veins, the sybcardinal veins (figs. 184, 186). These run 
obliquely along the mesial surfaces of the Wolffian bodies parallel to the posterior 
cardinal veins ; they communicate with the posterior cardinal veins above and 
below, and also by a series of transverse branches. The two subcardinals are for 
a time connected with each other in front of the aorta by cross branches, but these 
disappear and are replaced by a single transverse channel at the level where the 
renal veins join the posterior cardinals, and at the same level a cross communication 
is established on either side between the posterior cardinal and subcardin^ (fig, 186). 
The portion of the right subcardinal behind this cross communication disappears, 
while that in front J[i.e. the prerenal part) forms a connexion with the right hepatic 
vein, and, rapidly enlarging, receives the blood from the postrenal part of the 
right posterior cardinal through the cross communication referred to. In this 
manner a single trunk, the inferior vena cava (fig. 187), is formed, and consists of the 
proximal part of the right hepatic vein, the prerenal part of the right subcardinal 
vein, the postrenal part of the r^t posterior carfinal vein, and the cross branch 
which joins these two veins. The left subcardinal disappears, except the part 
•immediately in front of the renal vein, which is retained as tue left suprarenal vein. 
The testicular (or ovarian) vein opens into the postrenal part of the corresponding 
posterior cardinal vein. This portion of the right posterior cardinal, as already 
explained, forms the lower part of the inferior vena.cava, so that the right spermatic 
opens directly into that vessel. The postrenal segment of the left posterior sardinal 
1 •Sabin, F. The Amtomkal Ptcord^ voL viii. 19U, , 
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tlisappears, with the exception of the portion between the testicular and renal veins, 
which is retained as the ternlinal part of the left testicular vein. 

In consequence of the atrophy of the Wolffian bodies the posterior cardinal veins 
diminish in size ; the anterior cardinal veins, on the other hand, become enlarged, 
owing to the rapid development of the head and brain. They are further augmented 


Fig. 186. — Diagram showing the development of the main cross branches 
between the cardinal veins. 
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Fiti. 187. — Diagram showing the completion of the dovelopmont of the parietal veins. 
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by receiving the veins {subclavian) from the upper extremities, and so come to form 
the chief veins of the ducts of Cuvier ; these ducts gradually assume an almost 
vertical position in consequence of the descent of the heart into the thorax. The 
right and left* ducts of Cuvier are originally of the same diameter, and are frequently 
termed the right and left superior vems oaves. By the development of a transverse 
branch (the innominate vein) between the two anterior carainal veins, the blood 
is carried across from the left to the right anterior cardinal (figs. 186, 187). The 
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portion of the i^t anterior cardinal vein between the left innonunate and the* 
azygos vein forme the ajmer part of the superior vena cava of the adult ; the lower 
part of this vessel (i.e. below the entrance of the azygos vein) is formed by the 
right duct of Curier. 'Below the origin of the transverse branch the left anterior 
cardinal vein and left duct of Cuvier atrophy, the former constituting the upper 
part of the left superior intercostal vein, while the latter is represented by the 
ligament of the left vena cava (vestirial fold of Marshall) and the oblique vein 
of the left atrium (oblique vein of Marriiall) (fig. 1S7). Both right and left superior 
vensB cavse are present in some animals, and are occasionally found in the adult 

human being. The oblique 
vein of the left atrium 
passes downwards acrosd 
the back of the left atrium 
to open into the coronary 
Binus> which, as already 
indicated, represents the 
persistent left horn of the 
sinus venosus. 

The anterior cardinal 
veins drain the blood from 
the brain, and th^ir proxi- 
mal parts form the internal 
jugular veins. The distal 
portion of each has been named the vena capitis medialis (fig. 188) ; it runs on 
the medial side of the auditory vesicle and cerebral nerve-roots, and the portion 
of it situated in the neighbourhood of the trigeminal nerve becomes the cavenious 
sinus. The greater part of the vena capitis medialis is replaced, however, by the 
vena capitis lateralis (fig. 189), which is developed on the lateral aspect of the 
cerebral nerves from the trigeminal to the h3q>oglossal. This vein receives three 
principal tributaries, viz. the anterior cerebral vein from the eye, fore-brain and 
mid-brain, the middle cerebral vein from the cerebellum, and the posterior cerebral 
vein from the lower part of the hind-brain. At this stage, therefore, practically 
the whole of the blood from the brain is drained into the vena capitis lateralis 
which leav^ the skull in company with the facial nerve and opens into the anterior 
cardinal vein. The terminal branches of the two anterior cerebral veins anastomose 


Fio. 188. — Diagram of the veins of the head of an 
embryo four weeks old. (After Mall.) 
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Fig. 189. — Diagram of the veins of the head of an embryo five weeks old. (After Mall.) 
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IB the middle line and form the superior sagittal sinus (fig.. 190). By the lAkurard 
growth of the cerebral hemispheres this sinus comes to ancetomose '«dth the middle 
and posterior cerebral veins, the latter of which leaves the skull through the jogtilar 
foramen; this last anastomosis forms the greater part of the transverse sinus. 
The vena capitis lateralis atrophies ; the mi^e cerebral yein forms the supeHor 
petrosal sinus (fig. 191). The inferior petroul sinus is a later formation.* Yhe 
•extania] jugular vein at first drains the region behind the ear (posterior aoridililar) 
a;$d enters the anterior cardinal as a lateral tritotaiy... A gtO)^ fcom the 

f^^and lingual region converge to form a cooimon the lmgnofikbla);t which 

* 3^11, Anurkan Journal <)f VoL iv. 1908i^ . 

tLewia, v^. 1x1 19^. ' ' 
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tlieir connexiona with the venous system, but subsequently, on the formation 
of the sacs, regain them. The lymphatic system is therefore developmentally an 
ofehoot of the venous system, and the lining walls of its vessels are always- 
endothelial. 

In the human embryo the lymph-sacs from which the lymphatic vessels are 
derived are six in number ; two paired, the jugular and the posterior lymph-sacs ; 
and two unpaired, the retroperitoneal and the cisterna chyli. In lower mammals 
an additional pair, the subclavian, is present, but in the human embryo these are 
merely extensions of the jugular sacs. 

The position of the sacs is as follows : (1) the jugular, the first to appear, at 
the jimction of the subclavian vein with the anterior cardinal ; (2) the posterior, 
at the junction of the iliac vein with the posterior cardinal ; (3) the relroperitoneaU 


Fig. 192. — Scheino showing the relative positions of the primary lymph-sacs based 
on the description given by Florence Sabin. • 
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in the root of the mesentery near the suprarepal glands ; (4) the cisti^ma chyli, ' 
opposite the third and fourth lumbar vertebra (fig. 192). From the lymph saos 
the lymphatic vessels bud out along fixed lines corresponding more or less closely 
with the course of the embryonic blood-vessels. In the body-wall and in the wall 
of the intestine,* the deeper plexuses are the first to be developed ; by continued 
growth of these the vessels in the superficial layers are gradually formed. The 
thoracic duct is probably formed from anastomosing outgrowths from the jugular 
sac and cisterna chyli. At its connexion with the cisterna chyli it is at first double, 
but the two vessels soon join. 

All the lymph-Bacs except the cisterna chyli are, at a later stage, divided up by 
slender connective tissue bridges and transformed into groups of lymph-glands. 
The lower portion of the cisterna chyli is similarly converted, but its upper portion 
remains as the adult cisterna. 


DEVELOPMENT OF THE DIGESTIVE AND RESPIRATORY 

APPARATUS 

The Digestive Tube.*— As already indicated (p. 56), the primitive digestive 
tiibe consists of two parts, viz. : (1) the fore-guty within the cephalic flexure, and 
d<9sal to the heart ; and (2) the hind-gtU, within the caudal flexure (fig. 193). 
^ Hener, American J&umal of Anatomy, vol. ix. 1909. 
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Between these is the wide opening of the yolk-sac, which is gradually narrowed and 
reduced to a small foramen leading into the vitelline duct. At first the fore-gut 
and hind-gut end blindly ; the anterior end of the fore-gut is separated from the 
Btomodseum the buccopharyngeal membrane (fig. 193) ; the hind-gut ends in 
the cloaca, which is closed oy the cloaca] membrane. 

The "mouth. — ^The mouth is developed partly from the stomodseum, and partly 
from the floor of the anterior portion of the fore-gut. By the growth of the head- 
end of the embryo, and the formation of the cephalic flexure, the pericardial area 
and the buccopharyngeal membrane come to lie on the ventral surface of the embryo. 
With the further expansion of the brain, and the forward bulging of the pericardium, 
the buccopharyngeal membrane is depressed between these two prominences. 
This depression constitutes the stomodcBum (fig. 193). It is lined by ectoderm, 
and is separated from the anterior end of the fore-gut by the buccopharyngeal 

Fio. 193, — Human embryo about fifteen days old. The brain and heart are repre- 
sented from right side: the digestive tube an(i yolk-sac in median section. 
(After His.) 
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membrane, which is formed by the apposition of tlie stomodsoal ectoderm with 
the fore-gut entoderm ; at the end of the third week the membrane disappears, and 
a communication is established between the mouth and the future pharynx. No 
trace of the’membrane is found in the adult ; and the communication just mentioned 
must not be confused with the permanent isthmus faucium. The lips, teeth, and 
gums aie formed from the walls of the stomodaeum, but the tongue is developed 
in the floor of the mouth and pharynx. 

The visceral arches grow in a ventral direction and lie between the stomodseum 
and the pericardium ; with the completion of the mandibular arch and the formation 
of the maxillary processes, the mouth assumes the appearance of a pentagon^ll 
orifice, bounded in front by the frontonasal process, oehind by the mandibular 
arch, and laterally by the maxillary jaocesses (fig. 194). With the inwai'd growth 
and fusion of the palatine processes (figs. 123, 124), the stomodaaum is divided into 
an uppsT nasal and a lower buccal part. Along the free margins of the processes 
bounding the mouth cavity a shallow groove appears ; this is termed the 'primary 
,, hdbicil groove^ and from the bottfom of it a dbwngrowth of ectoderm into the underlying 
mesoderm takes place. Owing to the degeneration of the central cells of this 
^ ectodermal downgrbwth the groove is deepened and a secondary labial groove is 
G.A. 
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formed, and separatjes the lips and okoeks from the alveolar processes of the n^xill^ 
and mandible. 

The salivary glands arise as buds from the epithelial lining of the mouth ; . the 
parotid appears during the fourth week in the angle between the maxillary process 

and the mandibular arch ; the 
submaxillary appears in the si:^ 
week, and the sublingual during 
the ninth week, in the hollow 
between the tongue and the mandi* 
bular arch. 

The tongue (figs. 195 to 197). 
— The tongue consists of an anterior 
or buccal and a posterior or pharyn* 
geal part. During the third week 
there appears,' immediately behind 
the ventral ends of the two halves 
of the mandibular arch, a rounded 
swelling named the Wherculum 
impar, which was described by 
His as undergoing enlargement to 
form the buccal part of th^ tongue. 
More recent researches, however, 
show that this part of the tongue 
is mainly, if not entirely, developed 
from a pair of lateral swellings 
which rise from the inner surface 
of the mandibular arch and meet 
in the middle line. The tulwrculum 
impar is said to form the central 
part of the tongue immediately in 
front of the foramen c sec urn, but 
Hammar insists that it is purely a 
transitory structure and forms no 
part of the adult tongue. From the ventral ends of the fourth arch there arises 
a second and larger elevation, in the centre of which is a median groove or furrow. 
This elevation was named by His the furmla^ and is at first separated from the 
tuberculum impar by a depression, but later by a ridge, the copula, fonned by 
the forward growth and fusion of the ventral ends of the second and thin! arches. 
The posterior or pharyngeal part of the tongue is developed from the copula, whicli 


Fjo. 194. — Head cud of a human embryo 
of about thirty to thirty-ono days. 
(From model by Peter.) 
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Fio. 195. — Floor of the i)harynx of a 
human embrj'O alxmt twenty-six days 
old. (From model by Peter.) 


Fig. 196. — Floor of the pharynx of a 
liuman embryo of about the end of the 
fourth week. (From model by Peter.) 
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posterior pi^rtB of the tongue is marked by the V*shaped sulcus terminalis, the apex 
of which is at the foramen eseeum, while the two limbs run lateralwards and forwards 
parallel to but a little behind the papilla vallatse. 

The thyreoid gland is developed from a median diverticulum (hg. 196), which 
appears about the fourth week on the summit of the tuberculum impar, but later 
is found in the furrow immedi- 1:^1 1 , ^ t 

197.— Floor of the phurynx of a Jnunan 
T ^berculum embryo of about thirty clays old. (From 

(fig. 196). It grows downwards model by Peter.) 

and backwards as a tubular 
duct, which bifurcates and sub- 
sequently divides into a series 
of cellular cords, from which the 
isthmus and lateral lobes of the 
thyreoid gland are developed. 

As already stated (p. 79), the 
ultimobranchial bodies from the 
fifth pharyngeal pouches are 
enveloped by the lateral lobes 
of the thyreoid gland, but they 
undergo atrophy and do not form 
true thyireoid tissue. The con- 
nexion of the diverticulum with 
the pharynx is termed the ihjreoghssal dmt ; its continuity is subsequently inter- 
rupted, and it undergoes obliteration, its upper end bedng represented by the foramen 
caecum of the tongue, and its lower by the pyramidal lobe of the thyreoid gland. 

The palatine tonsils are developed from the dorsal angles of the second pharyngeal 
pouches. The entoderm which lines these pouches grows in the form of a number 
of vSoUd buds into the surrounding mesoderm. These buds are excavated by the 
degeneration and casting off of their central cells, and by this means the tonsillar 

crypts are formed. Lymphoid cells 
Fig. 108.— Scheme showing the development accumulate around the crypts, and 
of branchial cpitholial bodies. (^lodified grouped to form the lymphoid 

follicles! the latter, however, are 
not well defined until after birth. 

The thymus appears in the form 
of two flask-shaped entodennal 
diverticula, which arise, one on 
either side, from the third pharyn- 
geal pouch (fig. 198), and extend 
lateralwards and backwards into 
the surrounding mesoderm in front 
of the ventral aortse. Here they 
meet and are subsequently joined 
to one another by connective tissue, 
but there is never any fusion of the 
thymus tissue proper. The pharyn- 
geal opening of each diverticulum 
is soon obliterated, but the neck 
of the flask persists for some time 
as a cellular cord. By * further 
proliferation of the cells lining the 
flask, buds of cells &re formed, 
which ^oome surrounded and isolated by the invading mesoderm. In the latter, 
Numerous lymphoid oalls make their appearance, and are aggregated to form lym^ 
phoid foUiedes. Those lymphoid cells are probably derivatives of the entoderamli 
celjs which lined the original diverticula and their subdivisions. A.dditional portions 
of thymUs tissue are sometimes developed from the fourth branchial pouches. The 
thyAttO continues to grow until the time of puberty and then begins to atrophy. 

Tto t^o pairs of pifofhjnteoid bodies are developed as outgrowths from the third 
'and.fOiMh branchial pouohf»s^ (fig. 198) ; the diverticula from the third pouches 
.migrate to a lower level thafi thpse from the fourth pouches, and consequently the 
of parath^^eoids is derived from the third, and the superior pair from 
■ the foififth, pbasyn^^^ 
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Two diverticula arise from the fifth pharyngeal pouches and form what are 
termed the uUimcbranchial bodies (fig. 198) : these fuse with the thyreoid gland, 
hut do not form true thyreoid tissue. 

The hypophysis cerebri.— In the adult the hypophysis cerebri consists of an 
anterior and a posterior lobe : the former is deriv^ from the ectoderm of the 
stomodroum, the latter from the floor of the fore-brain. Previous to the rupture 
of the buccopharyngeal membrane a pouch-like diverticulum of the ectodermal 

lining of the roof of the 


Fig. 199. — Vertical sectious of the liea<3s of early embryos 
of the rabbit. Magnified. (From Mihalkovics.) 


stomodsBum appears. 
This diverticulum (powcA 
of Rathke) (figs. 199, 
200) is the rudiment of 
the anterior lobe of the 
hypophysis ; it extends 
upwards in front of the 
cephalic end of the 
notochord and in front 
of the buccopharyngeal 
membrane, and comes 
into contact with the 
under surface* of the 
fore-brain. It is then 
constricted ofi to form 
a closed vesicle, but 
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long. G. Vertical section of the anterior end of tlio notochord and 
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of the stomodsBum by 
a solid cord of cells. 
Masse.-* of epithelial cells 
form on either side and 
in the front wall of the 
vesicle, and J)y the 
growth of a stroma from 
the mesoderm between 
the masses the develop- 
ment of the anterior lobe 
is completed. A canal 
(craniopharyngeal canal) 
sometimes opens from 
the anterior part of the 
fossa hypophyseos of 
the sphenoidal bone on 
to the under surface of 
the skull, and marks 
the original position of 
Rathke’s pouch j while 
at the junction of the 
septum of the nose with 
the palate traces of the 
stomodseal end of the 


pouch are occasionally present. (Frazer.) The upwardly directed hypophysial 
involution becomes applied to the anterolateral aspect of a downwardly directed 
diverticulum from the base of the fore-brain (p. 96). This diverticulum constitutes 
the future infundibulum ol the floor of the third ventricle, and its inferior extremity^ 
is modified to form the posterior lobe of the hypophysis. In some of the lower 
animals the posterior lobe contains nerve-cells and nerve-fibres, but in man and 
the higher vertebrates these are replaced by connective tissue. 

. A small entodermal diverticulum, termed SeesseVs pouch, projects towards the 
brain from the anterior end of the fore-gut, close to the buircopharyngeal membrane. 
I'he fate and significance of this pouch have not yet been detorminea. 

Xfeveloiniient of the Digestive Tube. — The upper part of the fore-gut 
dils^to form the pharynx (fig. 193) in the lateral walla of which the branchial 
ar^hei^ aT6,developeoh<see page 77) ; the succeeding part' remains tubular, and is 
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elongated to form the oesophagus. About the fourth week a fusiform dilatation, 
the future stomach, makes its appearance, and beyond this the gut opens into the 

Flo. 200. — Sketches in profile of two stages in the development of the human 
digestive tube. (His.) Fig. A x 30. Fig. B x 20. 
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volk-s*c (fiffi. 200, 201) ; tiiis opening is at first vide, but is gradually nanoved 
Into a tubular stalk, tbe ydh-sUm or vUdUne dutt. Between the stomacfii and tbs 
tnquth of the yolk-sao the liver, diverticuluni at»p<Mr8. From the stomach to the 
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rectum the alimentary canal is attached to the notochord by a band of niesodetm, 
from which the common mesentery of the gut is subsequently developed. The 
stomach is also attached to the anterior abdominal wall as far as the umbilicus 


Fxg. 201. — Front view of two successive stages in the development of the 
digestive tube, (llis.) 




by the septum transversum. The cephalic portion of the septum takes part in the 
. formation of the Diaphragm, while the caudal portion into which the liver grows 
forms the ventral mesogastrium (fig. 202). The stomach undergoes a further dilata* 
tion, and its two curvatures can be recognised (figs. 200, B, and 201), the greater 
directed towards the vertebral column and the lesser towards the anterior wall of the 
abdomen, while its two surfaces look to the right and left respectively. Distal to 


Fig. 202. — The primitive mesentery of rf six weeks’ human embryo, 
half schematic. (Ki’)llraann.) 
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tl^stcmwchth^^ undergoes ^eat elongation, and forms a V-shaped loop which 
i downwiifls aiidttoiwatw ; from the b^/or a&gie of t^e tbo 

(6^. 202),^ f For a toe a large part of tbe. Itfop b^r^iw the 

' cavil^ into the umbilici^, cord, but by the^obd .pf the'thfrd ti^atb .it ia 
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withdrawn within the cavity. With the lengthening of the tube, the mesoderm, 
which attaches it to the future vertebral column and carries the blood vessels for 
the Buwly of the gut, is thinned and drawn out to form the fostericr common nmeU’ 
tCfy. The portion of this mesentery attached to the greater curvature of the stomach 
is named the dorsal mesogastrium, and the part which suspends the colon is termed 
the meBOColon (fig. 203). About the sixth week a diverticulum of the gut appears 
}ust behind the opening of the vitelline duct, and is differentiated into the future 
csecum and vermiform process. The part of the loop on the distal side of the csecal 
diverticulum increases in diameter and forms the future ascending and transverse 
portions of the large intestine. Until the fifth month the csecal diverticulum has 
a uniform calibre, but from this time onwards its caudal part remains rudimentary 
and forms the vermiform process, while its Cephalic part expands to form the csecum. 
Changes* also take place in the shape and position of the stomach. The fundus 


Fio. 203. — ^Abdominal part of digestive tube and its attachment to the primitive 
or common mesentery. Human embryo of six weeks. (After Toldt.) (From 
Kollmann m Entwiokolimgsgeschichte.) 
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is developed as a localised outgrowth or diverticulum from the cardiac end of the 
greater curvature (Keith and Wood Jones*). P. T. Lewis! points out that in a 
16 mm. embryo a canal (gastric canal) passes along the lesser curvature of the 
stomach from the oesophagus to the pars pylorioa, and that in a 44*3 mm. embryo 
this canal is more distinct than in the earlier stages and reaches from the antrum 
cardiacum to the incisura angularis. 

The dorsdl part or greater curvature of the stomach, to which the dorsal meso- 
gastrium is attached, grows ^uch more rapidly than its ventral part or lesser 
curvatlire, to which the ventral mesegastrium is fixed. The greater curvaturp 
is also carried downwards and to the left, and the right surface of the stomach 
in now directed backwards, and the left surface forwards (fig. 205) — a change in 
position which explains why the left vagus nerve is found on the front, and the 
right vagus on the back of the stomach. The dorsal mesogastrium being attached 
to the greater cutvatuie necessarily follows its movements, and hence it is greatly 
elongated and drawn lateralwards and ventralwards from the vertebral column, 

. ^.Proei^ings AytotoaitW Socittg of Great Britain and Ireland^ November 1901. 
t vol xUk 1912. v 
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aad, as in the case of the stomach, the right surfaces of both the dorsal and ventral 
mesogastria are now directed backwards, and the left forwards. In this way a 
pouch, the hufsa cmentalis, is formed behind the stomach, and this increases in size 
as the digestive tube undergoes further development ; the entrance to the pouch 
constitutes the future epi^oic foramen (foramen of Winslow). The duodenum 
IS developed ^m that part of the tube which immediately succeeds the stomach ; 
it undergoes little elongation, being more or less fixed in position by the liver and 
pancreas, which arise as diverticula from it ; for a time its lumen is occluded by an 
epithelial plug. The duodenum is at first suspended by a mesentery, and proiects. 


Fig. 204. — Eeconstruction of a human embryo of 17 mm. (After Mall.) (From 
Qiiain's Elements of Anatomy, vol, i,. Embryology.) 
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forwards in the form of a loop ; but the loop and its mesentery are subsequently 
displaced by the transverse colon, so that the right surface of the duodenal mesentery 
IS directed backwar^, and, adhering to the parietal peritoneum, is lost. The 
remomder of the digestive tube elongates greatly, and ia thiown into coils, 
rad this elongation demands a comspdnding increase in the width of the 
intestinal attachment of the mesente^, which becomes folded. 

, At this stage the small and large intestines are attached to the vertebral column 
by a common mesentery, the coils of the small intestine falling to the right of the 
middle line, while the large intestine lies on the left side.* 

>. condition pereigtathrougliont life, and the dwxleiram lies witirdy on the 

right side of the med»n plane, where it is continued into the jejunum : the arteries to the small 
1 if***l2. **** of the lp{t side of the superior meaen- , 
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The gut is now rotat^ upon itself, so that the large intestine is carried over in 
front of the small intestine, and the csecum is placed immediately below the liver ; 


Fig. 205.<^Diagrams to illustrate two stages in the development of the digestive tube 
and its mesentery. The arrow indicates the entrance to the bursa omentalis. 
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Fig. 206. — Final disposi- 
tion of the intestines 
and their vascular rela- 
tions. (Jonnesco.) 



teria artery- jUenal artery. 


Fig. 207. — Schematic figure of the bursa omentalis, &c. 
Human embryo of eight weeks. (Kollmaun.) 
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about the sixth month the .cum descends into the right iliac fossa, and the large 
intestine forms an arch coltisi^ting of the ascending, transverse, and descending 
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portions of the coloh'^the transverse portion orossing in front of the duodenum and 
lying just below the greater curvature of the stomach ; within this arch the coils 
of the small intestine are disposed (fig. 206). Sometimes the downward progress of 
the csecum is arrested, so that in the adult it may bo found lying immediately 
below the liver instead of in the right iliac region.* 


Fig. 208.-r-DiagraiJis to illustrate the development of the greater omentum 
and transverse mesocolon. 
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Further changes take place in the bursa omentalis and in the common mesentery, 
and give rise to the peritoneal relations seen in the adult. The bursa omentalis, 
which at first reaches only as fay as the greater curvature of the stomach, grows 
downwards and in front of the transverse colon and the coils of the small 
intestine to form the greater omentum (fig. 207). Before the pleuroperitoneal 
opening is closed, the bursa omentalis sends a diverticulum upwards on 


Fig. 200. — ^Tail end of a hunmn embryo 
from fifteen t(^ eighteen days old. 
(From model by Kcibel.) 


*Aorta 



Fig . 210. — Cloaca of a human embryo 
from twenty-five to twenty-seven 
days old. (From model by KeibeJ.) 



either side of the oesophagus ; the left diverticulum soon disappears, but the 
right is constricted off and forms the Imrsa tn/rocordtaca which may pei^dbt va the 

' ejdult as a small sac lying within the thorax on the right side of the lower end of the 

* oesophagus. The anterior layer of the transverse mesocolon , is at* first distinct 
fron^ the posterior layer of the greater omentum,^ but the two layers blende wd. then 
^eater omentum appears as if attached to the tranlSverse colon (fig. 208)# The 

article by J, Ernest Fraser and R, H* Robbins ‘On ttle footors concerned in ejausittg 
ipiatiOii of the intestine in man,’ Journal of Anoitomy qnd voj. L. . . 
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mefiienterieB of the ascending and descending parts of the colon disappear in the 
majority of cases, while that of the small intestine assumes the oblique attachment 
characteristic of its adult condition. 

Tlte lesser omentum is formed, as indicated above, by a thinning of the meso- 
derm {mUral mesogastrium) which attaches the stomach and duodenum to the 
anterior abdominal wall. By the subsequent growth of the liver this leaf of meso- 
derm is divided into two parts, viz. the lesser omentum between the stomach and 
liver, and the falciform and coronary ligaments between the liver and the abdominal 
wall and Diaphragm (fig. 207). 

The Beotmn Uni Anal Canal, — The hind-gut is at first prolonged backwards 
into the l^dy-stalk as the tube pf the allantois ; but, with the growth and flexure 
of the tail-end of the embryo, the 
* body-^talk, with its contained allantoic 
tube, is carried forwards to the ventral 
aspect of the body, and consequently 
a oend is formed at the junction of 
the lund-gut and allantois. This bend 
dilates to form a pouch, which con- 
stitutes the entoderivM cloaca \ into 
its dorsal part the hind-gut opens, and 
from its ventral part the allantois 
passes into the body-stalk. At a 
later stage the Wolffian and Mullerian 
ducts open into the ventral portion of 
the cloaca. The cloaca is, for a time, 
shut off from the exterior by the 
cloacal membrane which is formed by 
the apposition of a thick ectodermal 
and a thin entodermal layer, and 
reaches at first as far forwards as the 
future umbilicus. Behind the umbili- 
cus, however, the mesoderm subse- 
quently extends to form the symphysis puUs and tlie low^er part of the abdominal 
wall. By the growth of the surrounding tissues the cloacal membrane comes to 
lie at the bottom of a depression, which is lined by ectoderm and named the 
ectodermal cloaca (fig. 209). 

The entodermal cloaca is divided into a narrow dorsal and a wide ventral part 
by means of a partition, the urorectal septum (fig. 210), which grows downwards 
from the ridge separating the allantoic from the cloacal opening of the intestine 
and ultimately fuses with the cloacal membrane and divides it into an anal and 
a urogenital membrane. The dorsal part of the cloaca forms the rectum, and the 
anterior part the urogenital sinus and bladder. For a time a communication 
named the doacal duct exists between the two p^rts of the cloaca below the urorectal 
septum ; this duct occasionally persists as a passage between the rectum and the 
bladder or urethra. By the upj?rowth of the surrounding parts the anal {>art of 
the cloacal membrane comes to lie at the bottom of a depression, the proctodesum 
OT'anal jrfi. On the absorption and disappearance of this membrane the rectum 
communicates with the anal canal (fig. 211). A small part of the hind-gut pro- 
jects backwards beyond the anal membrane ; it is named the post-anal gut 
(fig. 209), and usually becomes obliterated and disappears.'*' 

The Livtt arises as a diverticulum from the ventral siuface of the 'lore-gut 
immediately cranial to the opening of the guh into the yolk-sac (figs. 200, 212). 
This diverticulum is lined by entoderm, and grows upward and forwards into the 
septum transversum which is a mass of mos^enn between the vitelline duct and 
the pericardial cavity *, there the diverticulum gives ofi two solid buds of celte 
whicli represent tHo ri^t and left lobes of the liver. The solid buds of cells 
grow into columns or cylinders, termed the hepatic cylinders, which branch and 
anastomose to form a close meshwork. This network invades the vitelline and 
umbilical veins, and breaks them up into a series of capillary-like vessels termed 
^umds (Minot), which ramify in the meshes of the cellular network. By tbe 
continued gro^h and ramification of the hepatic cylinders the mass of the liver 

. .* Consult in this ocsinexipn the follpuring artiolo ; * A eontribution to the morphology of the 
hutnan urinogeuital traot,' by JD. Berry Hart, Jotcrml cf dnatemy and Physidogy, vol. xxxv. ‘ 


Fig. 211. — Tail end of a human embryo, 
from eight and a half to nine weeks . 
S)ld. (From model by Keibel.) 
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is gradually formed^ The original diverticulum from the duodenum forms the 
common bile-duct, and from tUs the cystic duct and gallbladder arise as a solid 
outgrowth which later acquires a lumen. The opening of the common duct is at 
first in the ventral wall of the duodenum ; later, owing to the rotation of the gut 


Fig. 212. — Liver with the septum transversum. Human embryo. 
(After model and figure by His.) 
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the opening is carried to the left and then dorsalwards to the position it occupies 
in the adult. 

As the liver undergoes 'enlargement, )x>th it and the ventral mesogastrium of 
the fore-gut are gradually Uiflerentiated from the septum transversuiii ; and from 
the under surface of the latter the liver project , downwards into the abdominal 
cavity. By the growth of the liver the ventral mesogastrium is divided into two 
parts, of which the anterior forms the falciform and coronary ligaments and the 
posterior the lesser omentum. About the third month the liver almost fills the 
abdominal cavity, and its left lobe is nearly as large as its right. From this period 


Fig. 213. — ^Pancreas of a human cn. jryo Fig. 214, — Pancreas of a human embryo 

of fivjB weeks. (Kollmann). at end of sixth week. (Kollmaun.) 



, tllie Illative development of the liver is less active, more especially that of the left 
which actually undergoes some degeneration and becomes smaller than the 
4ght ; but up to the end of foetal life the liver remains relatively larger than in 
file e&ult, , 
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Tbd Panereas (figs. 213> 2]R).— The pancreas is developed in two parts, a dorsal 
and a ventral. The former arises as a diverticulum from the dorsal wall of the 
duodenum a short distanee above the hepatic diverticulum, and, growing upwards 
and backwards into the dorsal mesogastrium, forms the whole of the body and tail 
of the pancreas and a part of the head and uncinate process. The ventral part 
appears in the form of a diverticulum from the primitive bile-duct at the spot where 
the latter opens into the duodenum ; from the ventral pancreas the remainder 


Fig. 216. — Schematic and enlarged transverse section through the body of a human 
embryo, in the region of the mesogastrium. Beginning of third month. 
(Toldt.) - 



of the head and uncinate process of the pancreas are developed. The duct of the 
dorsal part (accessory pancreatic duct) tlierefore opens into the duodenum, while 
that of the ventral part (pancreatic duct) opens with the common bile-duct. About 
the sixth week the two parts of the pancreas meet and fuse, and a communication 
is established between their ducts. After this has occurred the terminal part 
of the accessory duct, i.e. the part l)etween the duodenum and the point of meeting 
of the two ducts, undergoes little or no enlarcrem while me du(!t of the ventral 
part increases in size and forms the main duct of tlie gtand. The opening of the 
accessory duct into the duodeaum is sometimes 'obliterated, and even when it 
remains patent it is probable that the whole of pancreatic secretion is conveyed 
through the pancreatic duct. 

At first the pancreas is directed upwards and backwards between the two layers 
of the dorsal mesogastrium, wliich ’ve to it a complet** peiironeal investment, 


Fig. 216. — Transverse section thic^uf^h same iniig. 215, at eml of third 

mouth. (Toldt ) . 



and its sfirfaces look to the right and left. With the change in the position of the 
stomach the do/sal mesogastrium is drawn downwards and to the left, and the 
right side of the pancreas is directed backwards, and the left forwards (fig. 2l6). 
The right surface becomes applied to the posterior abdominal wall, and the perito- 
neum which covers it undergoes absorption (fig. 216) ; and thus, in the adult, the' 
gland appears to lie >)cMnd tpe peritoneal cavity. 

The Spleen (fig. ^2GJ>) . — ^Although the spleen belongs to the group of ductless, 
glands, its development may be conveniently referred to here. It appears about 
the fifth week as a localised thickening of the mesoderm in the dorsal mesogastrium 
above the tafi "of , the pancreas. With the change in position of the stomach the 
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spleen ia carried to ty left, and comes to lie behind the. stomach and in contact 
with the left kidney. The part of the dorsal mesogastrinm which intervened 
between the spleen and the greater curvature of the stomach forms the gastrolienal 
ligament. 

The Respiratory Organs. — The rudiment of the respiratory organs appears as 
a median laryngotracheal groove in the ventral wall of the pharynx. The groove 
deepens and its lips fuse to form a septum which grows from below upwards and 
converts the groove into a tube, the laryngotracheal tube (fig. 217), the cephalic 
end of which opens into the pharynx by a slit-liko aperture formed by the persistent 
anterior part of the groove. The tube is lined by entoderm, and from this, the 
epithelial lining of the respiratory tract is developed. The cephalic part of the tube 
forms the larynx, and its next succeeding part the trachea, while from its caudal 
end two lateral outgrowths, the right and left lung buds, arise, and from them the 
bronchi and lungs arc developed. The fiirst rudiment of the larynx consists of two 
aryteenoid swellings, which appear, one on cither side of the- cephalic end of the 


Fig. 217. — Tlio head and neck of a human embryo thirty- two days old, seen from 
the vftitral surface. The floor of the iiiouth and pharvnx have, been removed. 
(Ills.) 
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laryngotracheal groove, and are continuous in front of the groove with a transverse 
ridge {furcula of His) which lies between the ventral ends of the third branchial 
arches and from which the epiglottis is subsequently developed (figs. 196, 197). 
After the separation of the trachea from the oesophagus, the arytsenoid swellings 
come into contact with one another and with the. back of the epiglottis, and the 
entrance to the larynx assumes the form of a T-shaped cleft, the margins of the 
cleft adhere to one another and the laryngeal entrance is for a time occluded. The 
arytsenoid swellings arc differentiatea into the arytajnoid and comiculate cartilages, 
and the folds joining tliem to the epiglottis form the aryepiglottic folds in which 
the c uneiform cartilages are developed as derivatives of the epi^ottis. The thyreoid 
cartjkge is developed from the ventral ends of the cartilages of the fourth aad 
fifth or£^hial arches ; it appears as two lateral plates, each chondrifi:ed from two 
centimes and united in the mid-ventral line by membrane in which an additional 
centre of chondrification develops. * The cricoid cartilage arises from two cartila- 
ginous centres, which soon unite ventrally and gradually extend and ultimately 
fuse on the dorsal aspect of the tube * 

According to J. ^zicst Frazer ,t who has made an important investigation on the 
development of the larynx, the glottis or space between the vocal folds is the primary 
opening of the larynx. During the second and third months a lateral mass (^ytss- 
noid^Bwelting), derived from the fourth and fifth arches, grows fprvrard either side 

* oU'p: 78# * t Jouriial of Anatomy toid PtJynolp^, vcl. xlivf 
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of the priory opening, and from these masses the lateral walls of the vestibule of 
the larynx are developed. A third elevation or ‘ central mass ’ is formed behind the 
second and third arches. These three masses bound the secondary opening of 
the larynx. In the lateral masses the arytonoid cartilages and aryepiglottic folds 
are developed ; from the central mass the epiglottis is formed. 

The right and left lung buds grow out behind the ducts of Cuvier, and divide 
into lobules, three appearing on the right, and two on the left, lung-bud ; these 
subdivisions are the early indications of the corresponding lobes of the lungs (figs. 218, 
219)< The buds undergo further subdivision and ramification, and ultimately 


Fig. 218.— ^Lung buds from a 
human embryo of about four 
weeks, showing coVnmenciug 
lobulation. (His.) 



Fio. 21U. — Lungs of a human embryo more 
advanced in development. (His.) 



end in minute expanded extremities — ^the infundibula c^f the lung. After the 
sixth month the air-sacs begin to make their appearance on the infundibula in the 
form of minute pouches. The pulmonary arteries are derived from the sixth 
aortic arches. During the course of their dcvelcpment tl e lungs migrate in a 
caudal direction, so that by the time of birth the bifurcation of tl.e trachea is opposite 
the fourth thoracic vertebra. As 'the langs grow tfiey project into the pleuro- 
peritoneal canals or parts of the coelum which will ultujiately form the pleural sacs, 
and the splanchnic mesoderm enveloping the lung ruidoient expands on the growing 
lung and is converted into the pulmonary pleura. 


DEVELOPMENT OF THE BODY-CAVITIES 

In the human embryo described by Petcis the mesoderm outside the embryonic 
disc ig split into two layers enclosing an cxtra-embiyonic cceloin ; there is no trace 
of an intra-embryonic ccolom. At a later stage four cavities are formed within the 
embryo, viz. one on either side within the mesoderm of the pericardial area, and (ne 
ill either lateral mass of the general mesoderm All these are at first independent 
of each other and of the extra-embryonic coeloiii, but later they become continuous. 
The two cavities in the general ..mesoderm unite on the ventral aspect of the gut 
and form the pleuroperitoneal cavity, which is contmuous for a time with the 
remains of the extra-embryonic coelom round the umbilicus ; the two cavities 
in the pericardial area rapidly join to form a single pericardial cavity, and fioro 
this two lateral diverticula extend caudalwards to open into the pleuroperitoneal 
cavity (fig. 220). Between the two latter diverticula is a mass of mesoderm con- 
taining the ducts of Cuvier, and this is continuous ventrally with the mesoderm in 
which the umbilical veins are passing to the sinus venosus, A septum of mesoderm 
thus extends across the body of the embryo. It is attached in front to the body- wall 
between the pericardium and umbilicus ; behind to the body-wall at the level 
of the second cervical segment ; laterally it is deficient where the pericardial and 
pleuroperitoneal cavities communicate, while it is perforated ^in the middle line’ 
by the fore-gut. This partition is termed the septum iremsversum, and is at first 

bulky plate of tissue ; from it the principal part of the Diaphragm is formed. 
As, developmeiit proceed the dorsal end of the septum transveraum is carried 
j^a^uallv catmlW^ds, and wheh.it reaches the fourth cervical segment muscular 
tissue witb^ the ^htenic nerve grow into it. It continues to recede, however, until 
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it reaches the position of the adult Diaphragm on the bodies of the upper lumbar 
vertebras. As already described (page 139), the liver buds grow into septum . 
transversum and undergo aevelopment there. 


Fig. 220. — Figure obtained by combining several successive sections of a human 
embryo of about the fourth week. (Kollmann.) 
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The upper arrow ia in the pleuroperitoneal opening, the lower in the pleuropericardial. 


The lung buds meantime have grown out from the fore-gut, and project laterally 
into the forepart of the pleuroperitoneal ce vity ; the developing, stomach and liver 
are embedded in the septum transversum ; caudal to this the intestines project into 
the back part of the pleuroperitoneal cavity (fig. 204). Owing to the descent of the 
dorsal end of the septum transversum the lung buds come to lie above the septum, 
and thus pleural and peritoneal portions of the pleuroperitoneal cavity (still, however, 
in free commimication with one another) may be recognised ; the pericardial cavity 
opens into the pleural part. 


Fui. 221. — Upper part of ccelomof human embryo of 6’8 mm. (seen from behiud). 
(From model by Piper.) 
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The^ ultimate separation of the pericardial, pleural, and peritoneal cavities from 
one another is effected by the growth of a ridge of tissue {pumonary ridge of Mall) on 
either sidejrom the mesoderm surrounding the duct of Cilvier (figs. 220, 221)^ 
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With the continued growth of the luiies the pie jral cavities are pushed forwards 
in the body- wall towards the ventral median line, thus separa ting the pericardium 
from the lateral thoracic walls (fig. 222). The further development of the peritoneal 
cavity has been described with the development *'E the digestive tube (page 1B2 

Fio. 223. — The thoracic aspect of the Diaphragm of a newly horn hi which the 
communication between the pcritoncuiii and pleura has uoi ncen closed on 
the left side; the position of the opening is marked on the right side by the 
.spinocoatal hiatus. (After Keith.) 
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and the Wolfi^n and Mullerian duot<s. The pronephros disappears very early ; 
the structural elements of the mesonephros mostly degenerate, but in their place 
is developed the genital gland in association with which the Wolffian duct remains 
as the duct of the male genital gland, the Miillerian as that of the female ; sQmc: 
of the tubules of the metanephros form part of the permanent Iddney. 

Fig. 224. — Section of the nrogenitai fold of b chick t'nibryo of the fourth day. 

(W^ldeyer.) 
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The Pronephros and Wolffian duct. — ^In the outer part of the intermediate 
cell-mass, immediately under the ectoderm, in the region from about the fifth 
cervical to the third thoracic segment, short evaginations from each segment grow 
dorsalwards and extend caudalwards, fusing successively from before backwards 
to form the pronephric duct This duct continues to grow caudalwards until it 
opens into the ventral part of the cloaca ; beyond the pronephros it is termed the 
Wdffian duct 

The original evaginations form a series of transverse tubules each of which 
cotumunicates by means of a funnel-shaped ciliated opening with the coeloniic 

Fig. 225. — Enlarged view, from the front, of the left Wolffian body before any 
distinction of sex has appeared. (Fi’om Farre, after liobelt.) 


h 



a, a ^b,Ctd. Tubular structure of the Wolffian body. e. Wolffian duct. /. Its upper extromlty. 
g. Its termination lii the urogenital sinus, h. MttUerian duct. i. Its upper, funnel-shaped extremity. 
k. Its lower end, terminating in the urogenital sinus. I, The genital gland, x. Urogenital sinus, 

cavity, and in the course of each duct a glomerulus also is developed. Secondary 
glomeruli are formed, and the complete group constitutes the wonephros. The 
tubules of the pronephros undergo rapid atrophy and disappear, but the Wolffian 
diict persists as the duct of the mesonephros. 

The Jbsone'ptarosk HOllerian duct, and Genital gland. — On the medial side of 
the Wprffian duct, and extending from the sixth cervical to the third luzbbar seg- 
mepf, the Wolffim tubules (fig. 224) are developed. Each tubule first appears as 
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a solid mass of cells, which later becomes hollowed in the centre ; one end grows 
towards and finally opens into the WolfiBan duct, the other dilates and is invaginated 
by a tuft of capillary blood-vessels to form a glomerulus. The tubules collectively 
constitute the mesonephros or Wolffian body (figs. 204, 225). " By the fifth or sixth 

Fig. 226. — Broad ligament of adult, showing epoophoron. 

(From Farro, after Kobelt.) 



fl, a. Epofiphoron formed from the upper part of the Wolffian body. b. Remains of the uppermost 
tubes, sometimes forming appendices, e. Middle set of tubes. d. Some lower atrophied tubes. 

«. Atrophied remains of the Wolffian duct. /. The terminal bulb or hydatid, h. The uterine tube 
originally the Mtillerion duct. t. Appendix attached to the extremity. 1. Th' ovary. ’ 

week this body forms an elongated spindle-shaped stmetme, termed the urogenital 
fold (fig. 224), which projects into the ccelomic cavity on either side of the dorsal 
mesentery, reaching from the septum transversum in front to the fifth lumbar 
segment behind ; in these folds the genital glands are developed. The Wo lffian 
bodies persist and form the pernunent kidneys in &hes and amphibians, but 
in reptiles, bi^, and mammals they atrophy and for the most part disappear 
coincidently with the development of the |}<!rmanent kidneys. The atrophy begins 
during the sixth or seventh week and 

proceeds rapidly, so that by the beginning 227 .— Urogenital sinus of a female 

of the fifth month only the ducte and a 
few of the tubules remain. 

In the male the Wolffian duct persists, 
and forms the tube of the epididymis, the 
ductus deferens, and the ejaculatory duct ; 
during the third month the seminal 
vesicle arises as a lateral diverticulum 
from the hinder end of the duct. A large 
part of the head end of the mesonephros 
atrophies and disappears ; of the re- 
mainder the anterior tubules form the 
efierent ducts * of the testis ; while the 
TOsterior tubules are represented by the 
ductuli aberrantes, and by the paradidymis 
which is sometimes found in front of the 
spermatic cord above the head of the 
epididymis (fig. 228, C). 

In the female the Wolffian bodies and 
ducts atrophy. The remains of the 
Wolffian tubules are represented by the epoophoron or organ of Rosenmiiller/ and 
the paro5phoron, two small collections of rudimentary, blind tubules which are 
situated in th^ mesosalpinx (fig. 226). The lower part of the, Wolffian duct dis- 
appears, while the upper part persists as the longitudinal duct of the epoophoron 
or duct of Gartner * (^. 228, B). 

* Berry Hart {op. cit ) has described the Wolffian ducts as* ending at the site of the future 
hynveu in bulbous enlargements, which he has named the Woljfian bulbs ; and states that the 
hymen is formed by these bullra, ‘ aided by a special involution from below of the cells lining 


human embryo, from eight and a Imlf to 
nine weeks old. (From model by K(ubeL) 
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Fig. 226.--^l>iagram« to siow the 
development of male atid female 
generative organs frcsm a common 
type. (Allen Thomson.) 


A.— Dlaaram <yi t^e primitive urogepital organs in 
the embryo ptevioaB to sexual distinction. 

3. Ureter. 4. Urinary bladder. 5. Urachns. 
el. Cloaca, ep. Elevatioii which becomes clitoris <or 
penis), i. Lower part of the intestine, ffc. Genital 
cord. If. Fold of integunmt from which the labia 
majora (or scrotum) are formed, m, m. Blglit and 
left Mdllerian dncts nniUng together and running 
with the Wolfttan ducts In ge, the genital cord. of. 
The genital ridge from which either the ovary (or 
testis) is formed, ng. Sinus urogenltalis. W. Left 
Woliflan body, w, w. Jliglit and left Wolfllan ducts. 



B.-- -Diagram of the female typo of 
sexual organs. 

C. Greater vestibular gland, and 
immediately above it the urethra. 
cc. Corpus cavemosum clitoridls. dQ. 
Remains of the left Wolffian duct, 
persisting as the duct of G&rtner, 
represented by dotted lines; that 
of the right side is marked w. /. 
The abdominal opening of the left 
uterine tube. g. Bound ligament, 
corresponding to gubeniaculum. A. 
Situation of the hymen. i'. Lower 
part of the intestine. U Labium 
majus. n. Labium minus, o. The 
left ovary, po. EpoCphoron. sc. 
Corpus cavemosum urethras, u. 
Uterus. The uterine tube of the 
right side is marked m. v. Vulva. 
va. Vagina. W. Scattered remains 
of Wolffian tubes near it (paro- 
dphoTon of Waldeyer). w. Right 
Wolffian duct. 



C.- -Diagram of the male type of sexual 
organs. 

(7, Bulbo-uxeiltral gland of one side. cp. 
Corpora cavernosa penis cut short, s. Caput 
epididymis, g. The gubemacufnm. i. 
part of the intestine, w. Aftillerlan ^duct, 
the upper part ot wMch remains as the 
hydatid of Horgagni; the lower part, re* 
presented , by a dotted line descending to 
the piostatlc utricle, constitates the occa- 
slonally existing oomn aodv tube Of the 
uterus maseullnUB, pt. The prostate, 
s. Scrotum. sp.Corpnsnfvwiioeiimuiothifn.. 
f. Testis In, the of Itspriidfua forma- 
tion.. r, toget^ wilh dottjsd lilies 
above, indicates rim ditecliton in teliloh rim 
testis aind epinidyihSp" dSsisend from .the 
abdOmcfr ifito ^ fifrOttaa. Dpotda 

deferens. «n. .OhCitttihiff VjS«'The 

vesl(mlaSemlfinl&:' Tf.8te4!tejteAKte|de^ 

t|iB ^ miffliii 

of Olial^ or pcu^^ 
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. Into HiU| 9 Hill'dftbte 07 r-Shorti^ after the formation pf the Wolfhan ducts a second 
pair of ducts is deveto^d; these are named the liiltlerim ducts. Each arises 
on the lateral aspect of the corresponding Wolffian duct as a tubular invagination 
of the. cells lining the coelom (fig. 224)« The orifice of the invagination remains 
patent^, and undergoes enlargement and modification to form the abdominal ostium 
of the uterine tube. The ducts pass backwards, and run at first lateral to the 
Wolffian. ducts towards the posterior end of the embryo they cross to the medial 
side of the Wolffian ducts, and run side by side between and behind them — ^the four 
dncts forming what is termed the genital cord (fig, 227). The Mullerian ducts end 
on the Mullerian eminence^ an epithelial elevation in the ventral part of the cloaca 
between the orifices of the Wolffian ducts ; at a later date they open into the cloaca in 
this situation. 

, In the male the Miillerian ducts atrophy, but traces of their anterior ends are 
represented by the appendices of the testes (hydatids of Morgagni), while their 
terminal fused portions form the 

Fio. 229. — Transverse section of human 
einbrjo, from cif 2 [ht and a half to nim* 
weeks old. (From model by Koibol.) 
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utricle which opens into the floor 
of the prostatic portion of the 
urethra (fig. 228, C). 

In the female the Mullerian 
ducts persist and undergo further 
development. The portions which 
He in the genital cord fuse to form 
the uterus ; the parts in front of 
this cord remain separate, and each 
forma the con-esponding uterine 
tube— the abdominal ostium of 
which is developed from the 
anterior extremity of the original 
tubular invagination from the 
coelom (fig. 228, B). The fusion of 
the Mullerian ducts begins in the 
third month, and the septum 
formed by their fused medial walls 
disappears from below upwards, 
and thus the cavity of the uterus 
is produced. In some animals, and 
occasionally in the human subject, 
the septum persists, giving rise to a 
bicornuate uterus. About the fifth 
month an annular constriction 

marks the position of the neck of the uterus, and after the sixth month the walls 
of the uterus begin to thicken. The vagina is formed from two solid extensions 
from the ends of the Mullerian ducts ; these grov^ at first as solid cords which push 
their way towards the urogenital septum. The ends fuse with one another, and by 
the brealdng down of the central cells the cavity of the vagina results, and this cavity 
opens on the exterior through the urogenital septum ; a portion of the septum 
remains to form the ^meu. 

Ch^tal iduds. — first appearance of the genital gland is essentially the 
same in the two sexes, and consists of a thickening of the epithelial layer which 
linex the coelomic cavity on the medial side of the urogenital fold (fig. 224). The 
thick plate of epithelium extends deeply, and, pushing the mesoderm before it, 
forms a distmet projection. This is termed the genitd ridge (fig. 224), and frOm 
it the testis in the male and the ovary in the female arc developed. At first the 
mosonephros and genital ridge are suspended by a common mesentery, but as the 
enibryp grows the genital ridge is gmduaUy pinch^ off from the mesonephros, with 
Wldch is dt first continuous, though it still remains connected to the remnant 
of this body bjr a fold of peritoneum, the mesorchium or fnesovariwn (fig. 229). 
The distinction pf sex in the genital ridge is perceptible about the seventh week. 



the urogenital sfauB,’ Re further Ijeliovea that Hhe lower thiixl of the vagina is due to the 
eoalesci^ee of the upper portion of the urogenital sinus and the lower encis of the WolOian 
duets,’ mild that,* the epithelial lining of the vagina is derived from the Wolffian bulbs.’ He 
the opUipuius seminalis of the male urethra as being formed from the lower part 
(pf the Wolffian: duets. " 
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In a 10 mm. embryo the genital gland reaches from about the sixth to the 
twelfth thoracic segment. It subsequently extends as far as the second sacral 
segment, but simultaneously with this caudal extension the cranial three*fourths 
of the gland undergo degeneration. 

The ovary, formed from the genital ridge, is at first a group of cells derived 
from the coelomic epithelium ; later the group is differentiated into a central mai^ 
and a layer of surface epithelium (fig. 230). Between the cells of the surface epi* 
thelium a number of larger cells, the primitive ova, are found, and these are carried 
into the subjacent stroma by bud-like ingrowths {genital cords) of the surface epi- 
thelium (fig. 231). The surface epithelium ultimately forms the permanent epithelial 
covering of this organ ; it loses its connexion with the central mass of cells, and 

Fig. 230. — Longitudinal section of ovary of cat embryo, 9*4 cin. long. (Schematic.) 

(After Coert. from Ilertwig’s Handbuch der Entwickelungslchre.) 



a tunica albuginea develops between them. The ova are chiefly derived from 
the cells of the central mass ; the latter are separated from one another by an 
irregular growth of connective tissue; each ovum assumes a covering of con- 
nective tissue (follicle) cells, and in this way the rudiments of the ovarian follicles 
are formed (fig. 231). 

It was formerly supposed tliat the primitive germ-cells were derived from the 
coelomic epithelium covering the genital ridge, but it has been shown that, in the lower 
vertebrates at least, they are probably formed during the later stages of cell -cleavage. 
They can be distinguished from the somatic cells by the largo size of their bodies and 
nuclei, and by their cytoplasm which is only faintly granular and has no affinity for 
<»rdinary stains, but assumes a brownish colour when treated by osmic acid. These 
primitive germ-cells migrate first into the root of the mesentery and from there into the 
co?lomi(5 epithelium covering the genital ridge. A considerable number apparently never 
reach theur proper destination, since ‘ vagrant germ-cells are found in all sorts of places, 
but Tn<;ire jparticularly on the mesentery.^* Some of these may possibly find their way 
into the ^niinal ridge; some probably undergo atrophy, while others may persist and 
l^^come the seat of dermoid tumours. 

^ Jouriial of Anat<my and Phgsidogy, voh xxxviiU 
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The testis is developed in much the same way as the ovary. like the ovary, 
in its earliest stages it consists of a central mass of epithelium covered by a surface 
epithelium. In the central mass a series of epithelial cords (testis-cords) appear 
<fig. 232) ; simultaneously the peripheral part of the central mass is converted into 


Fig, 231. — Section of the ovary of a newly born child. (Waldeyer.) 

Genital eord 



a tunica albuginea which intervenes between the testis-^ ords a )d ^he surface epi- 
thelium and excludes the latter from any part in th formation of the tissue of the 
testis. The thin inner ends of the te-stis-cords converge towarr^s the future hilum 
and there unite in a network which ultimately becomes th*, rete testis. From the 
outer parts of the testis-cords the seminiferous tubulo^. v re developed, and between 
them connective tissue septa extend. The tubules /: liie rete testis become con- 
nected with outgrowths from the 
- - „ 

Fig. -Section of a g- nital 
of a Human embryo 3*5 cui. 
and Buhler.) 
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Wolffian body, which, as already 
mentioned, form the cjBEerent ducts 
of the testis. 

Descent of the testes. — The 
testes, at an early period of foBtal 
life, are placed in the posterior 
part of the abdominal cavity, and 
each is attached to the mesonephros 
by a peritoneal fold, named the 
^nesorchium. Prom the front of the 
mesonephros a fold of peritoneum, 
termed the inguinal fold, grows 
forwards to meet and fuse with a 
peritoneal fold, named the inguinal 
crest, which grows backwards 
from the anterolateral abdominal 
wall. The testis thus acquires an 
indirect connexion with the an- 
terior abdominal wall ; and at the 
same time a portion of the peri- 
toneal cavity lateral to these fused 
folds is marked off as the future 
saccus vaginalis. In the inguinal 
crest a peculiar structure, the 
gtd)ernaoulum testis, makes its 

appearance. TThis is at first a slender band, extending from that part of the skin 
which afterwards forms the scrotum, through the inguinal canal to the body and 
epididymis of the testis. As development advances, the peritoneum enclosing the 
gubemaculum forms two folds, one above the testis and the other below it. The 


Supporting 

cell 
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oDie above the testis is the plica vascularis, and contains altimately the testicular 
vessels* The ohe below, the plica contains tie lower part of the 

gnbemaculum and ends at the abdominal inguinal ring in a tube of peritonei^ 
the saccus vaginalis, which protrudes down the inguinai caxial. By the^ fifth 
month the upper part of the gubemaculum has disappeared, while the lower part 
has become a thicK cord, and consists of a central core of unsttiped muscle-fibres, 
and outside this of a firm layer of striped elements, connected with the abdominal 
wall ; as the scrotum develops, the main portion of the lower end of the gubemaculum 
is carried, with the skin to which it is attached, to the bottom of this pouch. The 

saccus vagindis projects itself down- 
wards into the inguinal canal, and 
emerges at the sul^utaneous inguinal 
ring, pushing before it a part of the 
Obliquus intemus and the aponeurosis 
of the Obliquus externus, which form 
respectively the Cremaster muscle and the 
intercrural fascia. It forms a gradually 
elongating pouch, which eventually 
reaches the bottom of the scrotum, and 
behind this pouch the gubemaculum 
lies. The testis, being attached by the 
gubemaculum to the bottom of the 
scrotum, passes first into the inguinal 
canal and eventually into the scrotum, 
invaginating the saccus vaginalis from 
behind. It seems certain also that the 
gubemacular cord becomes shortened 
as development proceeds, and this asuists in causing the testis to reach the bottom 
of the scrotum. By the end of the eighth month the testis has reached the scrotum, 
and the upper pai-t of the saccus vaginalis is converted into a narrow canal which 
is obliterated a short time after birth, and this obliteration extends gradually 
downwards to within a short distance of the testis. The lower part of the saccus 
vaginalis is thus entirely cut off from the general peritoneal cavity and constitutes the 
parietal portion of the tunica xsaginali'i. Sometimes the testes are retained within 
the abdomen or inguinal canal, constituting what is known as crypt<yrchismm. 
Descent of the ovaries , — In the female there is also a gubemaculum, which effects 
a Qonsiderable change in the poai 
tioii of the ovary, though not so 
extensive as that of the testis. 

The gubemaculum in the female 
lies in contact with the fundus of 
the uterus and contracts adhesions 
to this organ. The part of the 
gubemaculum between the ovary 
and the uterus becomes the liga- 
ment of the tivary, the part between 
the uterus and the labium majus 
the round ligament of the uterus ; 
a pouch of peritpneum analogous 
to the saccus vaginalis in the male 
accompanies it along the inguinal 
canal ; it is called the canal of 
Nuck, In rare cases the guberna- 
culum may fail to contract adhesions 
to the uterus, and then the ovary 
d^escends through the inguinal canal into the labium majus^ and under these circuni^- 
s^nces its position resem'bles that of the testis. 

The Metaaepliros and the Permanent Kidney.— The rudiments of the per^nent 
kidn^ make their appearance about the end of the first or the b^nninig of the 
Second month. Each kidney has a twofold origin,, part, arisi^ i^m.the ^ta- 
ni^phros, and part as a diverticulum from the hind-eim of the Wolfl^n dact;cl<^ 
to where the^btter opens into the cloaca, (figs. 236, 23i). The:metahepl^s 
in.'th^intei^diate Oell nulss, caudal to t£s mesonephros which It 'resembles in 


Flo. 204. — Tail ond of human oinbryo, 
from thirty-two to thirty-thriH^ days 
old. (From model by Keibol.) 



Fig, 233. — Tail ond of human embryo, 
from twenty-five to twonty-nino days 
old. (Frominodel by KeibeL) 
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Btitaotute. Tile divectietilutiii jroiii the Wolffian duct grows dotsalwaids and forwards 
along the posterior abdonunal where its blind extremity expands and snbse- 
qni^y-' divides into seyetal. bods, wMoh form the mdiments of the pelvis and 
cidwes of the kidney ; by continued growth and subdivision it gives rise to the 
eoliecting tubules of the kidney. The proximal portion of the diverticulum becomes 
the uretet. The secretory tubules are develops from the metanephros, which is 
moulded over the growing end of the diverticulum from the Wolffian duct. The 
tubules of the metanephros, unlike those of the pronephros and mesonephros, do 
not open into the Wolffian duct. One end of each tubule expands to form a glome- 
rulus, while the rest rapidly elongates to form the convoluted tubule, the loop of 
Henle, and the junctional tubule; 


Fio. 235. — Tail c'ud of human embryo, 
from eight and a half to nino weeks 
old. (From model by Kcibel.) 
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the last joins and establishes com- 
munication with one of the collect- 
ing tubules which are derived from 
the ultimate ramifications of the 
diverticulum from ' the Wolffian 
duct. The mesoderm around the 
tubules is condensed to form the 
connective tissue of the kidney. 

The ureter opens at first into the 
hind-end of the Wolffian duct ; 
after the sixth week it separates 
from the Wolffian duct, and opens 
independently into the part of the 
cloaca which ultimately becomes 
the bladder (figs. 235, 236). 

The secretory tubules of the 
kidney are arranged into pyramidal 
masses or lobules, the bases of which 
are at the surface of the kidney, 
while their apices constitute the 
renal papilloo. The lobulated con- 
dition of the kidneys exists for some time after biith and traces of it may be found 
in the adult. The kidneys of the ox and many other animals remain lobulated 
throughout life. 

The Urinary Bladder, — The bladder is formed partly from tlio entcdermal cloaca 
and partly from the ends of the Wolffi an ducts ; the ailanU*’. • takes no share in its 
formation. After the separation of the rectum fronj the dorsal part of the cToaca 
(p. 139), the ventral part becomes subdivided into three portions : (1) a dorsal 
vesico-xirethral partion, continuous with the allantois— into this i>ortioii the Wolffian 
ducts open ; (2) an intermediate narrow channel, the pelvic portion ; and (3) a 
ventral, broad phallic portion, closed externally by the urogenital membrane 
(fig. 236). The second and third parts together constitute the urogenital sinus. 
The vesico-urethral portion absorbs the ends o" the Wolffian ducts and the associated 
ends of the renal diverticula, and these give rise to the trigone of the bladder and 
part of the prbstatic urethra. The remainder of the vesico-urethral portion forms 
the body of the bladder and part of the prostatic urethra ; its apex is prolonged 
to the umbilicus as a narrow canal, which later is obliterated and becomes the 
medial umbilical ligament (urachus). 

The prostate originally consists of two separate portions, each of which arises 
as a series of buds from the epithelial lining of the urogenital sinus and vesico- 
urethral part of the' cloaca, between the third and fourth months. These buds 
become tubular, and form the glandular substance of the two lobes which ultimately 
i|ieet and fuse behind the urethra and also extend on to its ventral aspect. The 
mhlnus or middle lobe is formed as an extension of the lateral lobes between the 
common ejctchlatory ducts and the bladder. Skene^s ducts in the female urethra 
are regarded as the homologuea of the prostatic glands. 

The hulbo-weikittd ghnas of Coi/Vper in the male, and ffreater vestibular glands 
of Barticiin^ the female, also arise as diverticula from the epithelial lining of the 
urogenital sinus. ’ . ' 

Tbe feMmial Otgmi of Osnoratton (fig. 237).— As already stated (p. 139), the 
Old^al membrane, Oomtkieed of ectoderni and entoderm, originally reaches from 
the umbilicus to the tail. The ihesoderm extends to the midventral line for some 
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distance behind the umbilicus, and forms the lower part of the abdominal wall ; 
it ends below in a prominent swelling, the cloacal tmerde. Behind tUs tubercle 
the urogenital part of the cloacal membrane separates the ingrowing she^ of 
mesoderm. 

The first rudiment of the penis (or clitoris) is a structure termed the phaUm ; it 
is derived from the phallic portion of the cloaca which has extended on to the end and 
sides of the under surface of the cloacal tubercle. The terminal part of the phallus, 
representing the future glans penis, becomes solid ; the remainder, which is 
hollow, is converted into a longitudinal groove by the absorption of the urogenital 
membrane. 

In the female a deep groove forms around the phallus and separates it from the 
rest of the cloacal tubercle, which is now termed the genital tvbercle. The sides of 
the genital tubercle grow backwards as the genital swellings, which ultimately form 
the labia majora ; the tubercle itself becomes the mons pubis. The labia minora 
arise by the continued growth of the lips of the groove on the under surface of the 
phallus ; the remainder of the phallus forms the clitoris. 


Fig. 236.- -Primitive kidney and bladder, from a reconstruction. (After Schreiner.) 
(From Quain’s Elements of Anatomy, vol. i.. Embryology.) 



In the 7nale the early changes arc similar, but the pelvic portion of the cloaca 
undergoes much greater development, pushing before it the phallic portion. The 
genital swellings extend round between the pelvic portion and the anus, and form a 
scrotal area ; during the changes associated with the descent of the testes this area 
is drawn out to form the scrotal sacs. The penis is developed from the phallus. As 
in the female, the urogenital membrane undergoes absorption, forming a channel on 
the under surface of the phallus ; this channel extends only as far forwards as the 
<‘Orona glandis. 

The corpora cavernosa of the penis (or clitoris) and of the urethra arise from the 
mesodermal tissue in the phallus ; they are at first dense structures, but later 
vascular spaces appear in them, and they gradually become cavernous. 

The prepuce is formed by the growth of a solid plate of ectoderm into the super- 
ficial part of the phallus ; on coronal section this plate presents the shape of a 
horseshoe. By the breaking down of its more centrally situated cells the plate 
is split into two lamellse, and a cutaneous fold, the prepuce, is liberated and forms a 
hood over the glans. * Adherent prepuce is not an adhesion really, but a hindered 
central desquamation ’ (Berry Hart, op. cU.). 

The TTretbra,— As already described, in both sexes the phallic pdrtion of the 
cloaca ext<i|nds on to the under surface of the cloacal tubercle as far forwards as 
the apex. ' ^At the apex the walls of the phallic portion come together and f use,^ the 
lumen iti obliterated, and a solid plate, the urethral phte, is formed. The remainder 
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wa3, avufrouiidi^ by metodertb, iVhicb ^as coxmectad by a band to that lining tho 
tVophoWaat 94).^ ® 

Second By the end of this week the ovum has increased considerably in size, and 

the it^ajority of its villi are vascularised. The embryo has assumed a definite form, 
siiii its cephalic, and caudal extremities are easily distinguished. The neural folds 
are partly^ united. The embryo is more completely separated from the yolk-sac, and 
.> the peraxial mesoderm is being divided into the primitive segments (fig. 288.) 


FlO. 240.-T-Human embryo, betvrceii twenty-seven and thirty days old 



(His.j 


Third Week , — By the end of the third week the embryo is sirongly curved, and tho primi- 
tive segments number about thirty. The primary div^>ions of the brain are visible, 
and the optic and auditory vesicles are formed, Four bvauchial grooves are present; 
the stomodaeum is well mark<^4, and tb‘ b.iccopluiryngoal membrane has dis- 
appeared, The rudiments of the limbs soon as short buds, and the Wolffian 
bodies are visible (fig. 289). 


Fig. 241. — Human embryo, between thirty-one and thirty-f:)ur days old. (Ilis.) 



Fourth lVcak, 7 “The embryo is markedly curved on itself, and when viewed in profile h 
almost circular in outline* The cerebral hemispheres appear as hollow buds, and 
the elevations which form the rudimenf^ of the auricula are visible. The limbs now 
appej^ ac C>y4l flattened projections (flg. 240). 

' * Bryce and Teacher (Skrlft Development ai\d Imbedding of the Human Ovum, 1908) are of 
•opiiflott that the age of Petex^ oimm has been understated. 
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Fifth Wcc/c. — The ettibrj^o is less curved and the head is relatively of large siase. l>iffer- 
' entiatiou of the limbs into their segments occurs. The nose forms a short', fiaUened 
projection. The cloacal tubercle is evident (fig. 241). ^ 

Sixth Week, — The curvature of the embryo is further diminished. The branchial grootres 
— except the first — have disappeared, and the rudiments of the fingers and toes can 
be recognised (fig. 242). 

Seventh and Eighth Weeks. — The flexure of the head is gradually reduced and the neck is 
somewhat lengthened. The upper lip is completed and the nose is more prominent. 
The nostrils are directed forwards and the palate is not completely developed. The 
eyelids arc present in the shape of folds above and below the eye, and the different 
parts of the auricula are distinguishable. By the end of the second month the fostus 
measures from 28 to 30 rum. in length (fig. 243). 


Fig. 242. — Human embryo about six weeks old. (Ilis.) 



Auricula 


■Foredimb 


Hind-limb 


Umbilical cord 


Third Month. — The head is extended and the neck is lengthened. The eyelids meet and. 
fuse, remaining closed until the end of thi5 sixth month. The limbs are well deve- 
loped and nails appear on the digits. The external generative organs are so far 
differentiated that it is possible to distinguish the sex. By the end ox this mouth the 
length of the foetus is about 7 cm., hut if the legs be included it is from 9 to 30 cm. 

Fourth Month. — The loop of gut which projected into the umbilical cord is withdrawn 
within the fojtus. The hairs begin to make their appearance. There is a general 
increase in sizo> so that by the end of the fourth month the foetus measures 12 to 
13 cm. in length, but if the legs be included it is from 16 to 20 cm.^ 

Fifth Month, — It is during the fifth month that the first movements of the fcctus are 
usually observed. Tli.e eruption of hair on the head commences, and the veruix 
caseosa begins to be deposited. By the end of this month the t^al length of the 
foetus, including the legs, is from 25 to 27 cm. 

Sixth Month, — The body is covered by fine hairs (lanugo) and the deposit of vemix 
cascosa is considerable. The papillae of the skin are developed and the free borders 
of the nails project from the corium of the dermis. Measured from vertex to heels, 
the total length of the fatus at the end of this month is from 80 to 32 cip. 

Seventh Month, — The pupillary membrane atrophies and the eyelids are open. The 
ttjStis descends with the vaginal sac of the peritimeum. Prom vertex to heels the 
- length at the end of the seventh month is from 85 to 36 cm. The weight is 
ab<|at 1'6 kilograms. 
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Eighth Mortth . — The skin assumes a pink colour and is now entirely coated with vernix 
cascosa^ and the lanugo begins to disappear. Subcutaneous fat has been developed 
. to a considerable extent, and the feetus presents a plump appearance. The total 
length, t.e. froni head to heels, at the end of the eighth month is about 40 cm., and 
the weight varies between 2 and 2*5 kilograms. 


Fia. 248. — Human embryo about eight and a half works old. (His.) 



Kinth Month . — The lanugo lias largely uioappeared from the truuis. The umbilicus is 
almost in the middle of the body and the testes are in the scrotuni. At. full time the 
feetus weighs from 3 to 3*5 kilograms, and meastircs ironi head to heels about 50 cim. 
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r^I|E general fratnework of the body is built up mainly of a series of bone 
-t- supplemented in certain regions by ‘pieces <>f cartilage ; 4ibia bony am 
cartilaginous framework constitutes the skeleton. ’ ' ■% 

In comparative anatomy the term skeleton has a wider application, since ij 
some of the lower animals ‘hard, protecting and supporting structures an 
developed in association with the integumentary system. In such animali 
the skeleton consists of an internal or deep skeleton, the* endosieleimi and ar 
external or superficial, the exoskeleton. In the human subject the exoskeleton 
is very rudiihentary, its only important r^resentatives being tbe'iuii]f|,and 
the enamel of the teeth, and the term skeleton .is, therefore, confined to theehdo- 
al^eton ; this is divisible into an axial part, which indudes, the tones of 
the head and trunk, and an appendimlar part, which comprises those of the 
extremities or limbs. The minute structure and the physical properties of toue 
are described on pages 17 to 24. 

In the skeleton of the adult there are 206 tones, grouped as follows — 




fVertebral column 

. 26 


Axial 


1 Skull 

... 22 


Skeleton 


1 Hyoid bone 

1 




iRibs and sternum 

. . 25 





— 

74 

endicular 

I 

fUpper extremities 

64 


celeton 

I 

[Lower extremities 

. 62 






126 



Auditory ossicles . 

• 

6 



Total 


206 


Bones are divisible into four classes : long, short, flat, and irregular. 

The long bones are found in the limbs, where they form levers ; each 
consists of a tody or shaft and two extremities. The body or, diaphysia is 
cylindrical, with a central cavity termed the meduUary cavity ; the \fAll smr- 
rotmding the cavity consists of 4ense, compact substance df^oonsiderdible 
thiekness in the middle part of tto tody,' but becoming thinner tf^wards thiei- 
, extremities ; prejecting into the medullary cavity is totne i^nW 'imbsliance, 
scanty in the middle of tne body, but plentiful towards thb endt*. ex^epvUies 

.are usually expanded, for purposes of articulation and muscular atitach^eitt ; 
they consist of spongy substance surroimded by compact tone, ^nd are usually ; 
developed from one or more' S^arate centres of e8sifi.oa^n tennedv<m^^^ses.. 
Tbe medulla^ cavity and'the spaces in the spot^'spbstaucu ere with 
martQw (mkdililla ossium). , - i . ; 

, : Short bones. — Where a part of the skeletob is mtended for''^x!eas$h:4kt^ 
rxnnpaotnjBBS oombmed with limited rnoVemeut, it is eenstracted qf ia'hunib^ 
of wort bones, as in the earpita and tarsus. Ibese odnsist of .spphjl^'etttistiMttoe 
coWed by a thin crust of compact toite. tili" - - - 

Plat bones.— WhMe the ]^cipal .]^b»wient the skelet^s 

deBoide stnidtures, or provide thStneSA tar mukctilav 
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THE V3ERTEBRAL COLUMN 

substance. V In the cranial bones^ the layers of compact bone are familiarly 
known as me tabks of the skull ; the outer table is tmck and tough, the inner 
thin, dense, and brittle. The intervening spongy substance is cfdled the 
ddpjoty and this, in certain regions of the skull, undergoes absorption, and spaces 
filled vfrith air (air-^sinuses) are left between the two tables of the slimlL 

The irregular bone^ from their peculiar form, cannot be grouped under 
the preceding heads. They consist of spongy substance enclosed mthin a 
thin layer of compact bone. 

Surfaces of bones. — On the surfaces of the bones are eminences and 
depressions, either articular or non-articular. Articular eminenceJi are seen in 
the heads of the humerus and femur ; and articular depressions in the glenoid 
cavity of the scapula, and the acetabulum of the hip-bone. Non-ariicular 
eminences are designated according to their form. Thus, a broad, rough, 
uneven elevation is called a tuberosity, trochanter, protuberance, or process ; a 
small, rough prominence, a tubercle ; a sharp, dender, pointed eminence, a spine ; 
a narrow, rou^ elevation of some length, a ridge, crest, or line, Non-^trticular 
depressions are also of variable form, and are desenbed as fossae, 'p%ts, depressions, 
jgrooves, fkrrows, fissures, notches, &c 


THE VERTEBRAL COLUMN (COLUMNA VERTEBRALIS) 

The vertebral column is a tiexuous and flexible column, formed of a 
series of bones called vertebree. These die Ihiity-threc in number, and are 
grouped under the names cervical, thoracic, lumbar, sacral, and coccygeal 
according io the regions they occupy ; there are seven vertebras in the cervical 
region, twelve in the thoracic, five in the lumbar, five 1 1 the sacral, and fom 
in the coccygeal. 

The cervical, thoracic, and lumbar vert'^bra. remam separate from one 
another throughout life, and are therefore known as trih or movable vertebrjB ; 
the sacral and coccygeal vertebr<3, on the other han 1, are termed false or 
vertebrsB, because they are united in the adud to form two bones, viz the 
sacrum and coccyx, formed respectively by fused s<xcrdl and coccygeal 
vertebrae 


GENBBAL ChABACT1J.«'>TICS of a VLBTnB ^ 

With the exception of the first and second cervical, the true or movable 
vertebras present certain common oharactenstics which are best studied by 
examining one from the middle of the thoracic region 

A typical vertebra (fig. 244) consists of two prmcipal parts, an antoiior, 
the body, and a posterior, the vertebral arch , these enclose a foramen, the 
vertebral foramen, 

Li the articulated vertebral column the bodies form a pillar for the sup^rt 
of the head and trunk, and the vertebral foramina constitute a canal in which 
the medulla spinalis or spinal cord is lodged and protected. Between every 
pair of vertebrss are two intervertebral foramina one on either side, for the 
transmission of the spinal nerves and vessels. 

The body of a vertebra is more or less (Cylindrical in shape ; its upper 
and loxver surfaces are flattened and rough, and give attachment to the inter- 
vertebral fibrocartilages, and each presents a rim around its circumference 
In front, it is convex from side to side and concave from above downwards ; 
behincl, it is slightly concave from side to sido and flat from abovo downwards 
On its anterior surface are a few small apertures for the passage of nutrient 
vessels ; on its posterior surface is a large, irregular aperture (occasionally 
more than one) for the exit of the basivertebral veins from the body of the 
vertebra. 

The vertfA>ral arch consists oi a pair of pedicles or roots and a pair of 
Um^ee ; it supports seven processes, viz. four articular, two transver^ afid one 
sp^us, ^ 

The pedmes, or roots of the vertewal arches, are short, thick pro* 
cesses, which project backwajids, one on either side, from the body, at the 

1 . * T. 



les 

of its posteiiiip aud .la’t^cal suifaces. 

Imunir tlteiiedii^e)! ate puiied 

artict^tea with one ^tber, the notoh^l of each dontj^oia :psk Of bohos ■ 
fotm the tnfemrfeAraf/oniffHna, already xeferied te. ” 

The laminae are two bioaa plates dkeoted backwards aod me^lward^ 
from the pedioleiL They fuse in the middle lioe.posterioTly, and ao complete 


Fig. 244 . — typical thoraoio vertebra, viewed from abeve. 



the posterior boundary of the vertebral foramen. Their upper borders and 
the lower parts of their anterior surfaces are rough for the attachment of the 
ligam enta flava^ 

' Bie sj^nous process is directed backwards and downwards from the 
junction of the laminse, and serves for the attachment U muscles and ligaments. 

The articular processes, two superior and two inferior, spring frOm the 
junctions of the pedicles and laminse. The superior processes project upwuds, 
and their articular surfaces are directed more or less backwards ; the inferior 
project downwards, and their srurfaees look more or less forwards. 

The transverse processes project lateralwards from the points where 

the laminsB join the pedi- 

_ - 1 - , . , i u cl®® ; they serve for the' 

Fig. 24C.-Sagittalaectiun Ota lumbar vertebra. attachm^t of muscleS 



and ligaments. 

Straetim df a vertebra > 

(fig. 246).— Bie body is 
composeo'ibf ^ngy. sub- 
stance covert by a thin . 
coaiang of oon^>aot boas ;; ; 
the^Jtittef is. pethnat^ 
nnnistouB <«ifi.es8 fof tho; 
panuge of. veesele,;. th®.^ 
interior of the ' body. 
traversed by. Otth <d tirf' 
large cahsls, ' ibr. 
reception:;, of /fshiB, whi<$ 
converge towards the large 


_^je(^d{(fK>]n it have thick coverings dteompact substanoe. 


.CnavioAL VsBTrfflttx (Vnatsmtaa 

. ^vmrtebr^ (figs, ^7 },.kv«i in^numb 




^EETEBZ^ 

4be i<^1pl«BafKRM81iE«l»ra*W W i,w i*im«»uiJ*is^wi».; ‘ 

,Thft bsotK^'&boi 8^9 to 'Side tiiMi from befoxe mokwaras. 

’Hwr aateifior and; poateribt-attrfaoeB «e flattened and of equal depth; but the 
{HOtethw iii on a l<Wfi« lever tham the post«ior, and its inferior border is 

ptolon^d^ianwatds, so as to overlap thb iipper and front part of the succeeding 
vertebra, 'file sapjsrior stqface is concave transverseiy, and presents an 


Anterior tuhercle of 
, tfO/Moeree proem 
yoramentraneveredrium. 

Posteri^ tnberole oh 
trdneoeree protfOe 


Fio. 246 .-A .typical cemcal vertebra, from above. 

*^^^^^^ransveree proeesu 

^le"\ 



Superior articular 
proecM 

Inferior articular 
proem* 


upwardly pn(ieotmg.JUlp. op.sitber.side ; the inferior surface is sad^e-shaped, 
i.e. concave freSn before backwards, convex from side tO fide, and pr^ents 
laterally shallow concavities which receive the projecting lips of the subj^ent 
vertebra. The pedicles are directed lateralwards ancU backwards, and are 
attached to the body midway l^ween its upper and lower borders, so that the 
superior and inferior vertebwd superior notch 

is, however, narrower tfian tfie mfenor. TRie IxmncB are narrow, and thinner 
above than below ; the vertebr al for emen is large, and of triangular form, ihe 

S indue process is short and bifidC the parts bein;? oftpn of un<^i^ size. 

le superior and inferior articular processes on either side fused to ^rm 
an artiQ:Ql^p|ll9Jf, which projects lateralwards from the junction of the pedicle 


Fio. 247. — Side view of a typical cervical vertebra. 
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> aeai lanriha.v'l^e articular facets are flat and of an oval form ; the supOTor 
' Tnch'-baiik^^s Upwards, and; slightly me^lwar^ ; the mfenor forwards, 
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of the postboy divisions of &e 

proeeaies are each jaei^ by'?Ifo 
yMtsii. i n; the upper six jg grte^re^,^ 

vertelaw.*' 'Wood 
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the vertebral artery and vein and a plexus of sympathetic, nerv^. Each 
process consists of an anterior ahd"^ a posterior partV ^e anterior j^rtion is 
the homologue of the rib in the thoracic region, and is therefore named the 
costal process ; it arises from the side of the body, is directed lateralwards in 
front of the foramen, and ends in a tubercle, tvbercahim mteriua. The 
posterior part, the true transverse process, springs from the vertebral arch 
behind the foramen transversarium, ivnd is directed forwards and lateralwards ; 
it ends in a flattened vertical tubercle, the tuberfi^ltm postesAus. Lateral to 
the foramen transversarium the anterior and posterior tubercles are united by a 
curved bar of bone, the concavity or sulcus on the upper surface of which 
accommodates the anterior division of the corresponding spinal, nerve. This 
sulcus is deeper, wider, and more downwardly directed in the fifth and sixth 
than in the third and fourth vertebrae.* 

Chassaignac pointed out that the common carotid artery can be compressed against 
the anterior tubercle of the transverse process of the sixth cervical vertebra ; this tuoercle 
therefore is named the tuherculutti caroticuni ‘ oi Chcissaignac^s tubercle. Tt also con- 
stitutes an important guide to the vertebral artery. 

The first cervical vertebra (fig. 248) is named the atlas because it 
supiK)rts the globe of the head. Its chief peculiarity is that it has no body, and 


Fig. 248. — First cervical vertebra, or atlas, from above. 


Transverse 

process 


Anterior tubercle 


Posterior tubercle 


Outline of section of dtns 

Outline of section of trans- 
verse ligament ol atlas 



>V Foramen 
transver- 


Groove for vtrlchral artery 
and first cervical nerve 


tliis is duo to the fact that the body of the atlas has fused with that of the second 
vertebra. It has no spinous process but is ring-like, and consists of an anterior 
and a posterior arch and two lateral masses. The anterior arch forms about 
one-fifth of the ring : its front surface is convex, and at its centre is the anterior 
tubercle for the attachment of parts of the Longus colli muscles ; posteriorly 
it is concave, and marked by a smooth, oval or circular facet (fovea dentis), 
for articulation with the dens or odontoid process of the epistropheus* or axis. 
The upper and lower borders respectively give attachment to the anterior 
atlanto-occipital membrane and the anterior atlanto-epistrophcal ligament ; 
the former connects the atlas with the occipital bone, the latter with the 
epistropheus. The posterior arch forms about two-fifths of the ring : alo the 
centre of its posterior surface is the posterior tubercle^ which is the rudiment of 
a spinous process and gives origin to the Recti capitis posteriores minores, TJie 
small size of this process prevents it from interfering with the movements between 
the atlas and the skull. The upper edge of the central part of the posterior arch 
is rounded and affords attachment to the posterior atlanto-occipital membrane, 
while immediately behind the superior articular process of each lateral mass 
is a groove, the mlcm artericB vertebralis, sometimes converted^i^to a foramen 
by a l^ny spiculnm which arches backwards from the posterior end of the 

The costal eUnnent of a cervical vertebra not only includes the portion which $prings from 
the side of iBe body, but the anterior and posterior tuWclcs and the bar of bone which connects • 
thof latter (fig. 107). , • 
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superior articular process. This sulcus transmits tj^e ye^ebral a^ery, which, 
after ascending throu^ the foramen in the transverse process, winds round 
the lateral mass in a direction backwards and medialwards ; it also transmits 
the suboccipital or first spintal, nerve. On the under surface of the posterior 
arch, behind the aiticular fac^s, are the two shallow inferior .vertebral notches. 
The lower border of the posterior arch gives attachment to the posterior atlanto- 
epistropheal ligament. 

The lateral rmeeee support the weight of the head ; each carries two articular 
facets, ^ superior and an inferior. The superior facets are of . large ‘size, oval, 
concave, and approach each other in front, but diverge behind ; they are 
directed upwards, medialwards, and a little backwards, and form cups for the 
reception of the condyles of the occipital bone, and are admirably adapted to 
the nodding movements of the head ; occasionally they are constricted near 
their centres. Just below the medial margin of each superior facet is a small 
tubercle, for the attachment of the tousverso^ligament of the atlas; this 
ligament /divides the ring of the atlas into two unequal parts — ^the anterior 
or smaller part receiving the dens or odontoid process of the epistropheus, the 
posterior transmitting the medulla spinalis and its membranes. The inferior 
articular facets are nearly circular in form, flattened or slightly convex and 
directed downwards and medialwards, articulating with the epistropheus, and 
permitting the rotatory movements of the head. Vhe transverse 'processes are 
long and project later^wards and downwards from the lateral masses ; their 
anterior and posterior tubercles are fused into one mass. The foramen trans- 
versarium is large and is directed upwards and backwards. 

The second cervical vertebra or epistropheus (axis) (figs. 249, 250) 
forms the pivot upon which the atlas, carrying the head, rotates. The chief 
characteristic of this bone 

is the strong tooth-like Fig. 249. — Second cervical vertebra, or epistio- 

process, the which pheus, from above, 

projects per^hdicularly 
from the upper surface of 
the body. The body is 
deeper in front than 
behind. On its anterior 
surface is a median ridge, 
separating two depres- 
sionsfor the attachment of 
the Lon^ colli muscles. 

Its under surface is con- 
cave from before back- 
wards and convex from 
side to side. The dens 
(odontoid process) is 
about 1'5 om. long, and 
exhibits a slight constric- 
tion, or neok, where it 
joins the body. On its 
anterior surface is an 
oval or nearly circular 
facet for articulation with Spinona proceaa 

that on the posterior 

surface of the anterior arch of the atlas. On the back of the neck, and frequently 
extending on to its lateral surfaces, is a shallow groove *for the transverse 
of the ajbl§kS, which retains the dens in position. The apex is pointed, 
a^Tglv^ait^hment to the ligamentum apiois depto below the apex, the 
process is somewhat enlarged and ^presents on either side a rough impression 
for the attachmeixt of the lateral alar ligaments which connect ,the dens to the 
Oooipitsl bone. The internal structure of tho dens is more compact than that 
of the body. The pedicles are broad and strong, especially in front, where they 
{use with the sides of the body and the root of the dens. They are oovered 
^bove by .1)he superior articular surfaces. The Umince are thick and strong, 
and the vertebral foramen large but smaller than that of the atlas. The trans- 
verse processes are very small ; each ends in a single tuberole and is perforated 
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by the foramen tra^Temarium which is directed npwakda and latMalwaards. 
The mperior arHcular swrfatea tae circular, slightly .convex, cUbceeted upwards 
and ..slightly lateralunrds, and are supported on the bodj^! proles, and ^ 
transverse processes ; the inferior have the same direction as those of the typical 
cervical vertebra.. The superior vertebral nokbes ate very shallow, and lie 
behind the articular processes ; the inferior lie in front of the articular prodbKS, 


Fio. 250. — Second cervical vertebra, or epistropheus, from the side. 
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as in the typical cervical vertebras. The apinovs process is large and very 
strong ; it is deeply channelled on its under surface, and has a bifid, tuberculated 
extremity. 

The seventh cervical vertebra (fig. 261).— This vertebra is named the 
vart^a, protmnens because of its long and prominent spinous process. This 
process is thick, and nearly horizontal in direction ; it is not bifuroat^, but 
ends in a tubercle to which the loiYcr end of the jjgamenfiun nuebm is attached. 
„ , The transverse processes are 

Fio. 2ol.~beventh cervical vertebra, from of oonsidcraWe size ; their 

posterior roots ttre large 
and prominent, the anterior 
small and faintly mar!^ ; 
the upper surface of each 
process has usually a shal- 
.. low sulcus for the lieventh 
cervical nerve, and' the ex* 
tremity of iiihe pfocess 
seldom presents more than 
a trace of lUvisum. The 
superior articular facets look 
almost directly backwards. 
The foramm transverse* 
rium is generally smaller 
t|iaa that in the other 
. ^yical vectebrm;. ntfely 
it is douUe, sometimes it 
is absent. Qh' fihfSuMM>de 
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xmts d ilijp 
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8omet^cA.thax«iEt|^ ‘ 

i . . . iMibaa!! 

of. the ttecasioijsdry tEe to ‘ 

trahsverBe iwocesses of thk vertebra toist as s^Murate betdes* ^#ioh 
tmaltoirds and forwaitls, and are kiioWh’as ceriikctl f^: .u:,^ ' . 
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ThOBAOIO VEBTBBBai! (VBBTItBBiB ThOBAOALBS) 

The tiior^ic vertebrae (%• 26^), twelve in number, inciease in size from 
above downwards. All are distii^uiah^ by the presence of foveas 6r facets 
on^ e^^^ of the bodiee for arti^a^n ^th the heads trf the ribs ; and all, 
ezce^ th e eleventh and twepth. Iby J^ts on the transverse processes, for 
art^iS^S wiwTQ ie tobMcl^^M the rito. 

.rShejfrai, ntrttii, ten^, elev^A, and twdfih thoracic vertebras present certain 
peculiarities, and must be speciadly considered (fig. 263). 

In the middle^part of the thoracic region the bodiea are heart-shaped, and 
their anteroposterior and transverse diameters are about equal, but at the 
upp^ and .lower ends of the c^ion they resemble respectively those of the 
cervical and lumbar vertebras. Iney &re sU^tly thicker behind than in front, 
flat above auid below, convex from side to ride in front, deeply concave behind, 


Fig. 252 . — K topical thoracic vertebra, from the side. 



and slightly constricted laterally and in front. They present on either side, 
two costal ij^vesB or facets, a superior near the rbot of the pedicle, and an inferior 
in front of the inferior vertebral notch ; in the articulated vertebral column 
these foveas form, with the intervertebral Jfibrocartilagos, oval surfaces for the 
reception of the heads of the ribs. The pedicles ore directed backwards and 
slightly upwards, and the inferior vertebral notches are of large size, and deeper 
than ih the cervical or lumbar vertebrae. The lamince are broad, thick, and 
overlap those of subjacent vertebras like tiles on a roof. The verte^al foramen 
is smafier than that of the cervical or lumbar vertebrae, and is of a circular form. 
The spinous process is long, triangular on coronal section, directed obliquely 
downwards, and ends in a tuberculated extremity. These processes overlap 
from ^he jQfth to the eighth^ but are less oblique in direction above and below 
^(bse levels.* Tjio sUp&rtor articuU^ processes are thin plates of bone projecting 
uiiwaisdd from the junctions of the pedicles and laminae ; their articular facets 
aite etoost flat, and are directed backwards and a little lateralwards and upwards* 
The inferior articular processes are fused to a considerable extent with tiiq 
laminae, and project but til^tly beyond their lower borders ; their facets are 

, / qaadrtL{»ods the of the abinotts processes of the thoracic vertebra) project 

ivpWfOfdB abd baekwardi^ while ^ose of the iximbar region are directed upwards and forwards, 
'uie . cbaiUEe in inoiktstibU is eflsiMl in . one of the lower thoracic vertebne, the spine of which 
poihts i^bst direotly upwards* , This vertebra is known aa the a nticlim l, and in man its 
r^^resentativa is the ^ 
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direeted forwards and a little medialwards and downwards. The transverse 
^processes arise from the aroh behind the superior articular processes and pedicles ; 
they are thick, strong, and of considerable length, directed obliquely backwards 
and lateralwai^s, and each ends in a clubbed extremity, on the front of which 
is a smaU costal fovea or facet, for articulation with the tubercle of a rib. In. 


Fio. 253. — Peculiar thoracic vertebraB. 



/ Circular fovea above, 

I Semicircular fovea below 


^‘"Semicircular fovea ahore 


--One circular fovea 


One circular fovea 

fovea on tranevcne 
process 


One circular fovea 
'No fovea on transverse 
process 
-! Inferior artic* processes 
I convex and turned 
V laterolwards 


the upper six thoracic vortebrss the costal fove$ are concave, and are placed Q|i^ 
the anterior surfaces of the transverse processes ; in the vertcibrss from the 
seventh to the tenth inclusive the costal fovess are flat and plac^ on the upper 

ma^n^pf the transverse processes. ’ ^ 

'^e,;first thoracic vertebra has on either side of the upper part of the 
body a cx^znplete fovea for the head of the first rib, and at the lower part of 
the body a, small fovea fo^ the upper half of the he^ of the second rib. The 
body n^mbles that of the seventh e^vical vertebrii, being broad transversely, 
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while its upper surf^e is concave in the same direction, and lipped on either 
side. The superior articular surfaces are directed upwards and backwards ; 
the spinous process is thick, long, and almost horizontal. The transverse 
processes are long, and the superior vertebral notches are deeper than those 
of the other thoracic, vertebrie. 

The ninth thoracic vertebra may have no inferior costal foveas, but in 
some cases these are present. 

The tenth thoracic vertebra has usually a complete costal fovea, placed 
partly on the lateral surface of the pedicle, for the head of the tenth rib, but 
the fovea for the head of this rib is sometimes completed by the body of the 
ninth vertebra. 

In the eleventh thoracic vertebra the body approaches in form and 
size those of the lumbar vertebras. The fpvjsas for the heads of the ribs are 
large, and placed chiefly on_the p^icl^, which are thicker^ and stronger in 
this and the next vertebra^han in any other part of tho thoracic region. 
The spinous process is short, and nearly horizontal in direction. The transverse 
processes are very short, tuberculated at their extremities, and have no costal 
foveae. 

The twelfth thoracic vertebra has the same general characteristics as 
the eleventh, but may be distinguished from it by its inferior “articular surfaces 
being cohvex and directed laterahvards, like those oi the lumbar vertebrae ; 
by the body, laminae, and spinous process, which resemble those of lumbar 
vertebrae ; and by each transverse process being a short irregular knob sub- 
divided into superior, inferior, and lateral tubercles : the 8ui>orior and inferior 
tubercles correspond to the mamillary and accessory processes of the lumbar 
vertebrae. Traces of similar tubercles are found on the transverse processes of 
the tenth and eleventh thoracic vertebrae. 


Lumbar VERTBBRii: (Vbrtkbe/b LuMBALKi) 

Tho lumbar vertebrae (figs, 254, 256), five in number, are the largest, 
segments of the movable part of the ^^ertebral column, and can be distinguished 


Fig. 254, — A lumbar vertebra, ironi the side. 



by the ah&i^^..Qf foraimna jn their transvprse processes, and of costal foveae 
on the sides olHhe "Godi^, ' 

The body is large, wider from side to side than from before backwards, and 
a little thicker in front than behind. It is flattened above and below, concave 
behind, and constricted in front, and at the sides. The pedicles are strong, and 
direct^ Wkwa^s from the upper part of the body ; consequently, the inferior 
vertebral notches are of considerable depth. The laminoe are broad, short, and 
strong ; the vertebral foramen is triangular, larger than in the thoracic, but 
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8DiaU«r th«i iu the cervical regton. The apiaona prociesalB tlBok, broad, and 
eosaswhat quadrilateral ; it jiroieota backwards and ends in a tou^ uneven 
border. The superior and inferior articular processes project respeotiv^y 
upwards and downwards from the junctions of pedicles and -laminsB. -The 
facets on the superior processes ore concave, and ^k backwards and medial- 
wards ; those on the inferior are convex, and are directed forwards and latocal- 
wards. Th^jaupetior. articular.. processes ate, wider ..apart, than, th e-iof^ or, 
since m the articulated column the inferior articula^rocesses are. embrace by 
the superior processes of the subjacent vertebra. The transverse process are 
situated in front of the articular processes instead of behind them .aa in' the 
thoracic vertebres, and are homologous with the ribs. Those of the upper three 
I vertebras arise from the junctions of the pedicles and lammse, and sxe long, 
‘slender, and horizontally directed ; those of the lower two vertebrae incline a 
: little upwards and spring from the pedicles and posterior parts of Jih^bodies. 


255. — A hmibar vertebra, from above aud behind. 



The transverse process of the first lumbar vertebra is Sometimes developed 
as a separate piece which may remain permanently ununited with the rest of ' 
the bone, thus forming a lu zpbar r ib. Of the tubercles noticed in connexion 
with the transverse processes ot the lower thoracic vertebras, the superior is 
connected in the lumbar region with the posterior pairt of the superior articidar 
process, and is named the mamillary process ; the inferior is. situated at the 
posterior part of the base of the transverse process, and is called the ocuessory 
process (fig. 266).* 

The fifth lumbar vertebra (fig. 266) is characterised by its bo.dy, .heihg.. 
cpusiderably deeper in, front than behind, a condition which accord the 
/prominence of the saoro vertebral articulation ; by the smril sjze of 
' pnofifias ; by the wide interval, betiween, thejlifi^j.atiiicu^ 
the thickn^.of, its. transvetsajiHJCfieses, which spring fro m the iio^y>| t lyolt 

asjfesmthe p.ediol«s- ' , ' 

* maniiilarv and accessory processes * are merely muscular {^cess^ wiMcht repre^ted 
aud'c<mloi^d in the thoracic region, hecome separated in the Itimbar the tiaei^se 

Oi tholntenlal branch of the posterior division of the Idiver tborocio dmd lamBatnerves 

lV^eMA*3ofneBfJmrmlofAm(omyandPh^^iokgye^o^'3dyih, p: X^ 
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Thb Sacsum (Os Saobum) 

' Th« sacrum is a large, triangular bone formed by the fusion of the five sacral 
v»rtei»». It is; situated in the lover part of the vertebral column and at the 
upper and posterior part of the pelvic cavity, where it is inserted like a wedge 
between the two hip-bonee ; its upper part or base articulates with the fifth 
luml^ vertebra, its apex with the cocc^. It is rather narrower at the. jevel 
o f tjti s second vertebra than at the level of the third . It is curved loi^tudiiially, 
and '^aced va^ obliquely, its base projecting forwards and forming the pro- 
minent w^en articulated with the last lumbar vertebra ; 

the eentraTp^ of the bone is projected backwards, so as to give increased 
capacity to the pelvic cavity, ^e sacrum has a pelvic, a dorsal, and two 
lateral surfaces, a base, an apex, and a central canal. ^ 


Fio. 256. — Fifth lumbar vertebra, from above. 



The pelvic surface (fig. 267) is concave from above downwards, and sliglitly 
so from side to side. Its middle part is crossed by four transverse ridges, 
which correspond in position with the original planes of separation between 
the five segments of the bone ; the portions between the ridges are the bodies 
of the sacral vertebras. The body of the first segment is of large size, and in 
form resembles that of a lumbar vertebra ; the succeeding ones diminish 
from above downwards, are flattened from before backwards, and curved to 
accomipodate themselves to the form of the sacrum, being concave in front, 
and stonvex b ehind . Lateral to the ridges are the iova anhripr, sofitalfonmim, 
somewhat rounded in form, diminishing in size from'*above downwards, and 
directed lateml’iirairds and fprwatd^ : they open into the sacral canal and give 
Writ to fH anterior divisions of ^e sacral nerves, and entr^<?e„tp,the lftt«r»l 
sanc^f^deicii^. Lateral to tEew foramina are the foferal of the sacrum, 
of five separate s^ments" at an early period of life; in the, 
. adult j these gite blended with the Bodies and with eaoh other. Each lateral 
p^ is 'travicsed bff four broad, shallow grooves, which lodge the anterior 


^visiona<dthia> 


I nm^ves, and are ^parated from one another by prominent 

tAagftft 6f hf^o Whibh give origin to the 

/^;aTsa^i$a4‘iliieeiiifo be madei tjbrough the centre of the sacrum (fig. 261), 
the Dbdi<^. ate s^ te be united at their circumferences by bone, wide, intervals 
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being left centrally, which, in the recent state, are filled by the intervertebral 
fibrocartilages. In some specimens the union is more complete between the 
lower than between the upper segments. 

The dorsal surface (fig. 258) is ’convex and narrower than the pelvic* In 
the middle line is the trivial sacral crest, surmounted by the rudimentary 
spinous processes of the upper three or four sacral vertebraj. On either side 
of this crest is the sacral groove, which gives origin to the Multifidus, the floor of 
the groove being formed by the united lamines of the vertebr®. The laminss 
of the fifth sacral vertebra, and sometimes those of the fourth, fail to meet 
behind, and thus a deficiency {hiatus sqcralis) occurs in the posterior w^all of 
the sacral canal: Lateral to each "sacral groove is a linear series of tubercles 
produced by the fusion of the articular processes which together form the 


Fig. 257. — Sacrum, pelvic surface. 



indistinct sacral articular crests. The articular processes of the first sacral 
vertebra are large ; their facets are oval or circular in shape, and are cdlicave 
from side to side ; they look backwards and medialwards, and articulate with 
the facets on the inferior processes of the fifth lumbar vertebral The tubercles 
which represent the inferior articular processes of the fifth s&oral vert^ra are 
prolonged downwards as rounded processes, which are named the sqcral cor rLW ^ 
and are connected to the cornua of the coccyx. Lateral to th^ sacral articular 
crests are the four posterior sacral foramina ; they are smaller in size and less 
regdar in form than the anterior foramina, and transmit the posterior divisions 
.of the sacral nerves. Lateral to the posterior sacral foramina are the Msmt 
sacral formed by the fused transverse processes of the sagral vertebrse. 
The transverse tubercles of the first sacral vertebra are large and very distinct ; 
they and the transverse tubercles of the second vertebra, give attachment to 
the shoit posterior sacro-iliao ligaments; those of the third vertebra give 
kttachmente to the long posterior sacro-iliae ligaments ; and those of the fourth 
WdMthto thesaototnWousVigamen^ ■’ ’ 
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1^6 lateral surface (fig. 250) is broad above, but narrowed into a thin edge 
b^low. On the upper part is an ear-shaped surface, the surface, for 

articulation with the ilium ; behind this is a rough area, the sacral tuberosity, 
on which are three deep impressions, for the' attachment of the posterior sacro- 
iliac ligament. The thin, lower part of the lateral surface gives attachment 
to the sacrotuberous and sacrospinous ligaments, to some fibres of the Glutoeus 
behind^ and to the Coccygeus in front. It ends below in a projection 
called the inferior lateral angle ; the notch on the medial side of this angle 
is converted into "a loramen by the transverse process of the first piece of the 
coccyx, and transmits the anterior division of fhe fifth sacral nerve. 


Fiq. 268 . — Sacrum, dorsal surface. 



The base of the sacrum (fig. 260) is transversely expanded, and is directed 
upwards and forwards ; it somewhat repombles the upper surface of the last 
lumbar vertebra. In the middle is the large oval upper surface of the body of 
the flm sacral vertebra, which is connected with the under surface of the body 
of the last lumbar vertebra by an intervertebral fibrocartilage ; the anterior 
projecting edge of the body is named the promontory. Behind the body is the 
superior orifice of lihe sacral canal, triangular in shape and completed posteriorly 
by the arch of the first sacral vertebra. On either side of the body is a large 
t/riangidar plate galled the ala sacralis ; its upper surface is slightly concave 
from side to side, convex from before backwards, and in the articulated pelvis 
is ' continuous with the iliac fossa. The posterior third of the ala represents 
the transy^se process, and the anterior two-thirds, the costal process of the . 
first sacral vertebra. The superior articular processes are attached to the body 
of the first sacral vertebra and to the aim by short thick pedicle^ ; they are 
concave, directed Wkwards and medialwards, like the superior articular 
[^ooesses of the lumbar vertebrse. On the upper surface of each pedicle is a 
vertebral notch, which forms the lower part of the foramen between the last 
lumbar and first sacral vertebrm. 





Fw. 264. — OsRiiication of a vertebra. 

By 3 primary ccntrts 

1 for body (8?/i week) 

1 for either half of the 
vertebral arch (Jth 
or Bth week) 

Fig. 265. 

By 3 secondary centrrs 


y eurocentral 
synchondrosis 




1 1 for each 
*[ trans. process 
'"') I { 16 lh year) 


1 for spinous process 
{16ih year) 


Fig. 26G. 
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At b^h the vertebra coneists of three pieces, viz. the body and the halves 
pf the vertebral arch. During the first year the halves of the arch unite behind, 
union taking place first in the 
lumbar re^on and then extend- 
in^^upwaros throu^ the thoracic 
and! cervical^^ repons. In the 
upper cervical vertebrae the 
bodies unite with the arches 
about^the third year; in the 
lower lumbar vertebraj union is 
not completed until the sixth 
year. Until puberty,, the upper 
and under surfaces df the bodies 
and the ends of the transverse 
and spinous processes are carti- 
laginous, but about the sixteenth 
year (fig. 265) five secondary 
centres appear, one for the tip 
of each transverse process, one 
for the end of the spinous pro- 
cess, one each for the circum- 
ferential parts of the upper and 
lower surfaces of the body 
(fig. 266). These fuse with the 
rest of the bone about the age 
of twenty-five. In the bifid 
spines of the cervical vertebrae 
there are two secondary centres. 

Exceptions to this mode of 
development occur in the fii*st, 
second, and seventh cervical 
vertebrae, and in the lumbai 
vertebrae. 

The atlas or first cervical 
vertebra, is usually ossified from 
three centres (fig. 267). One 
appears in each lateral mass 
about the seventh week of foetal 
life, and gradually extends into 
the posterior arch, where thev 
unite between the thiid and 
fourth years, either directly or 
through the medium of a sepa- 
rate centre. At birth, the an- 
terior arch consists of cartilage ; 
in this a separate centre appears 
about the end of the first year, 
and unites with the lateral masses 
between the sixth and eighth 
years — the lines of union 
tending ^ por- 

di the superior articular 
lacets. Occasionally the anterior 
arch is formed by the forwi^rd 
extension and ultimate union 
of the two lateT*al masses ; some- 
times it is ossified from two 
lateirally placed centres. 

The eptatrapheus, or second 
cervical vertebra, is ossified from 
five primary and two secondary 
centres (fig. 268). The vertebral 
arch is ossifi^^^rom two centres, 

G.A. 



3 /or upper surface 
of body 

1 for under surface 
of body 


.16^4. 

year 


Fig. 2G7.--Atlc.s. 


centres 



for anterior arch {end of 1.*^ »/« «r) 


- 1 for each 
lateral mass 


Hh wed 


Fig . 26S .- -h'Lpistropheus . 
Bjf 7 centres 


2nd year 


(ith month 

1 for (ithrr half of the verte- 
bral arch {1th or 2th week) 
* — 1 for body {^fh month) 

1 for under surface of body 



2 additional centres for mamillary processes 
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At birth 


FlO. 271. 


At 

44 7/cars 


and the body from one, as in a typical vertebra ; the centres for the vertebral 
arch appehr about the seventh or eighth week of foetal life, that for the body about 

the fourth or ihfth month.. About t^e sixth 
Fio. 270. — O.ssification of the sacrum, month of foetal life, two laterally placed 
Additional contTo, centres appear in the liMe of the dew or 

for costal elements • odoutoid process, and joiu before birth 

f to form a conical mass, deeply cleft above. 

A wedge-shaped piece of cartilage fills the 
cleft and forms the summit of the process ; 
in this a centre appears about the second 
year and unites with the main mass about 
the twelfth year. The base of the dens is 
separated from the body of the epistropheus 
by a cartilaginous disc, the circumference 
of which ossifies, but the centre remains 
cartilaginous until advanced age. In this 
Fio. 271. cartilage, rudiments of the lower epiphysial 

lamella of the atlas and the upper epiphysial 
lamella of the epistropheus may sometimes 
be found. In addition to these there is a 
centre for a thin epiphysial plata on the 
under surface of the body of the bone. 

The seventh cervical vertebra - The 
costal processes of this vertebra are usually 
ossified from separate centres which appear 
about the sixth month of foetal life, and 
join the body and transverse processes 
between the fifth and sixth years. As 
Fig. 272. already stated (p. 166), the costal processes 

Tm> epiphv,iat piau. for cuch lateral separate pieces, and 

surface » latcralwaid^ and forwards, to constitute 

t cervical ribs. 

Separate ossific centrtis have also been 

found in the costal i>rocesses of the fourth, 
fifth, and sixth cervical vertobr®. 

The lumbar vertebrae (fig. 269) have each 
two additional centres, for the mamillary 
processes. 

Sacrum (figs. 270 to 273). — Each sacral 
vertebra is ossified from throe primary 

centres, one for the body and two for the 
vertebral arch. Two epiphysial plates arc 
ossified for each body, one for the upper and 
the other for the lower surface. 

1 * 10 . 278.— Case of saenui of The anterior portions of the lateral parts 

adolescent sacnim have six additional (costal) 

centres, two for each of the first three verte- 
brae ; these appear above and lateral to the 
anterior sacral foramina (figs. 270*, 271). 

Two epiphysial plates are developed on 
each lateral surtoee oJ 372*, 
273) ; one for "the aiirip^lar *sumce,^ai!^ 
another for the thin edge of bone below 
Lateral epiphysis Lateral' epiphysis this SUrface.f 



Fig. 272. 

Thco epiphysial plaits for each lateral 
surface * 


At 

year 


Fig. 278. — Case of sacrun of 
adolescent 



Lateral epiphysis 


Lateral' epiphysis 


f The ends of the spinous processes of the upper three /sacral vertobrao are sometimes de- 
veloped from separate epiphyses, and Fawcett (Anatamiseher Anzeiger, 1907 , Bd. xxx.) has 






vertobta y' twelve-six on either aide— in oonnoxiou with the costal elements (two each for 
the second and one each for the third and fourth vertebrae) ; and eight for the trans- 

verse procesBcis— four on either side— one each for the first, third, fourth, and fifth. ' Ho is 
further of%pinion that the lower part of each lateral surface of the sacrum is formed by the 
^tension and unloii of the costal epiphyses of the third and fourth stmenta and the 
'tranaversO* epiphyses of the fourth and fifth segments, ™ s , 
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Periods of ossification . — Ossification commences in the bodies of the sacral 
vertebras as follows : in the first abodt the eighth or ninth week of foetal life; 
in tW second about the tenth week ; and in the fourth and fifth between the fifth 
and eighth months. About the twelfth week of foetal life the vertebral arch 
of. the first segment begins to ossify; and after the sixth month the costal centres 
for the lateral p«ts of the bone make their appearance. In the lower vertebr® 
the arches fuse with the bodies in the second year ; in the first vertebra fusion 
does not occur, until the fifth or sixth year. About the sixteenth year the epi- 
physial jplates for the upper and under surfaces of the bodies are formed ; and 
between the eighteenth and twentieth years those for the lateral surfaces of the bone 
make their appearance. During early life, the bodies of the sacral vertebrro are 
vseparated from each other by interv ri ^bral fibrocartilages, but about the eighteenth 
year the bodies of the two lower veriRbrsB become united by bone, and the process 
of bony union gradually extends upwards, with the result that between the twenty- 
fifth and thirtieth years of life all the vertebr® are united (fig. 261). 

tioocyx. — Each segment of the coccyx is ossified from one centre. The centres 
appear in the following order : in the first segment between the first and fourth 
years ; in the second between the fifth and tenth years ; in the third between 
tenth and fifteenth years ; in th(‘ fourth betweerj the fourteenth and twentietSfi 
years. A secondary centre for each .sacral cornu, ?^ud a pair of epiphysial plates 
for each of the nidinientary bodies hav^ been described. As age advances, the 
segments unite with one another, tho union between the first and second being 
frequently delayed until after the age of twenty-five or thirty years. At a late 
period of life, especially in females, the coc^^x often fu.se.s with the sacrum. 


Vertebral Column as a Whole 

The vertebral column is situated in the mediaS? line, at the posterior 
part of the trunk. Its average length in the mair is about 71 cm. ; of this 
the cervical part measures 12*5 cm., the thor«5'if 28 cm., the lumbar 18 cm., 
and the sacrum and coccyx 12*6 cm. The avt r length of ihe female column 
is about 61 cm. 

Owrt;ci<?.— Viewed laterally (fig. 274). the vertebral coliunn presents cervical, 
thoracic, lumbar, and pelvic curves. 1 he thoracic and pelv' curves arc termed 
primary curves, because they alone are present during fcctal life. The cervical 
and lumbar curves are compensatory or secondary, and are developed after 
birth, the cervical curve when the child is able to hold up its head (at three or 
four months), and to sit upright (about nine months), the lumbar at twelve or 
eighteen months when the child begins to walk. The cervical curve io convex 
forwards, and is the least marked of the four ; it begins at the atlas, and ends 
at the middle of the second thoracic vertelia. The thoracic curve, concave 
forwards, extends from the middle of the second to the middle of the twelfth 
thoracic vertebra. The lumbar curve is conv(?x anteriorly and is more pro- 
nounced in the female than in the male. It reaches from the middle of the 
last thoracic vertebra to th6 sacro vertebral angle, and the convexity of the 
lower threo^ segmenf 8 is greater than that of the upper two. The pelvic curve 
extends from the sacrovertobral articulatipn to the apex of the coccyx ; its 
concavity is^directe^’^owm’ivards and forwards. 

In the part ottBie thoracic region of the vertebral column there is a 
slight fatemTourwture, with its convexity directed towards the right side in 
rigJitJianded persons. Some regard this curve as being due to the greater use 
and 'muscularity of the right arm, and in support of this explanation it has 
been foimd * that in left-handed individuals the convexity ol the curve is 
directed towards the left side. Others regard it as beijig produced by the aortic 
archhnd upper p&jft of the descending thoracic aorta — a view which is supported^ 
tty the fact that in cases where the viscera are transposed and the aorta is* 
consequently on the right side, the convexity of the curve is directed to the 
left. . . 

Anterior surface. — ^When viewed from in front, the width of the bodies of 
the vertebra is seen to increase from the second cervical to the first thoracic ; 
there is tlien a slight diminution in the next three vertebrsB ; below this 
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Fio. 274. — Lateral view of the vertebral 
column. 



there is again a gradual and pro- 
gressive increase in width as low as 
the sacrovertebral angle. Prom this 
point there is a rapid diminution, to 
the apex of the coccyx. 

The posterior surface of the 
vertebral column presents in the 
median line the spinous processes. 
In the cervical region (with 4:he 
exception of the second and seventh 
vertebrae ) those are short and hori- 
with bifid extremities. In 
^ upper part of the thoracic region 
they are directed obliquely dowii- 
w^ards ; in the middle part they are 
almost vei-tical ; in the lower part 
of Iho thoracic region, and in the 
lumbar region they are nearly hori- 
zontal. They are separated by con- 
siderable intervals in the cervical 
and lumbar regions, but arc; closely 
approximated in the middle of the 
thoracic region. Occasionally one 
of Iheso processes deviates from the 
median line — a fact to bo remem- 
bered in practice, as irregularities 
of this sort arc attendant also on 
fractures or displacements of the 
vertebral column. On either side 
of the spinous processes is the 
vertebral groove formed by the lamina) 
hi the cervical and lumbar regions, 
where it is shallow, and by the 
lamina) and transverse processes 
in the thoracic region, where it 
is deep and broad ; these grooves 
lodge the deep muscles of the back. 
Lateral to the vertebral grooves are 
the articular processes, and still more 
hit orally the t l ans verse processes . In 
the thoracic region, the transverse 
processes stand backwards, on a 
plane considerably behind that of 
the same processes in the cervical 
and lumbar regions. In the cervical 
region, the transverse processes are 
placed in front of the articular pro- 
cesses, laterally to the pedicles and 
betw een the intervertebral foramina. 
In the thoracic region they are pos- 
terior to the pedicles, intervertebral 
foramina, and articular processes, hi 
the lumbar region they are in front 
of the articular processes, and behind 
the intervertebral foramina. 

The lateral surfaces are separated 
from the posterior surface by the 
articular processes in the cervical 
and lumbar regions, and by the 
traj^verse processes in the thoracic 
region. In fri)nt are the sides of 
the bodies of the vertebrec, marked 
in the thoracic region by the foveas 
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for articulation with the heads of the ribs. Between the pedicles are the inter- 
vertebral foramina, oval in shape, smallest in the cervical and upper part of the 
thoracic regions, and graduaUy increasing in size to the last lumbar. These 
foramina transmit the spinal nerves and vessels, and are situated between 
the transverse processes in the cervical region, and in front of the transverse 
processes in the thoracic and lumbar regions. 

The base of that portion of the vertebral column which is made up of the 
twenty-foTir movable vertebra is formed by the under surface of the body 
of the fifth lumbar vertebra ; and the summit, by the upper surface of the 
atlas. 

The vertebral canal follows the different curves of the column ; it is large 
and triangular in the cervical and lumbar regions, whore movement is fre^ 
and is small and rounded in the thoracic region, where motion is more 
limited. 

Applied Anatomy » — Occasionally the coalescence of the laminss is not completed, and 
consequently a cleft is left in tlic arches of the vertebne, through which a protrusion of 
the spinal membranes (dura mater and arachnoid), and generally of the medulla spinalis 
and pia mater, takes place, constituting the malforiiuition known as spina bifida. This 
condition is most common in the lun^bosacral region, but it may occur in the thoracic 
or cervical region, or the arches throughout the whole length of the canal may remain 
incomplete. 

The movable part of the vertebral column lieing coubtructed of a number of pieces, 
securely connected together and enjoying onl' ^ slight degree c t movement between any 
two individual pieces, but permitting of a very consideu*able range as a whole, allows a 
sufficient degree of mobility without any material diminution of strength. The many 
joints of which the column is composed, together with the very varied movements to 
which it is subjected, render it liable to sprains; but, so c osely are the individual 
vertebrae articulated that these sprains are rarely sc’ crc, and tii amount of violence 
sufficiently great to produce tearing of the ligaments: woaid t»"nd rallKT to cause a disloca- 
tion or fracture. The further safety of the column and its sj'ght liability to injury are 
provided for by its disposition in curves instead of in a str aight line. For it is an elastic 
column, and must bend before it breaks ; under ther.e circumstances, being made up of 
three curves, it represents three column .^and greati . to-'ce is required to produce bending 
of a short column than of a longer one of equal bxc.iJth and similar material. Again, 
the safety of the column is largely provided for by the presence between the bodies, of 
the intervertebral fibrocartilages, which .wt as buffers in ''ounici acting the effects of 
violent jars or shocks. 

Fracture -dislocation of the vertebral column may be caused by direct or indirect 
violence. Fractures from indirect violence arc the more common, and here the bodies of 
the vertebra are compressed, while the arches are torn asunder; in fracture from direct 
violence, on the other hand, the arches are conipiessed and the bodies of the vertebrae 
separated from each other. It will therefore be seen that in both classes of injury the 
medulla spinalis is the part least likely to be injured , and may escape damage even where 
there has been considerable lesion of the bony framework. When a fracture-dislocation 
is produced by indirect violence, the displacement < almost always the same — the upper 
segment being driven forwards on the lower, so that the medulla spinalis is compressed 
between the body of the vertebra below and the arch of the vertebra above. 

Lateral curvature of the vertebral column is a common affection in girls who are out- 
growing their strength and who sit or stand long at lessons, and is duo to the uneven 
transmission of weight down the column. In ndmtion to the lateral displacement of the 
spinous processes there is a marked rotation of the bodies of the vertebras, the displace- 
ment of which is far in excess of that of the spinous processes. When the curve is severe 
and the bones have actually become distorted, the condition is past cure. 

Kyphosis is an affection in which there is an increase in the normal thoracic curve, 
and is due to bending forwards of the upper part of the body carrying the weight of the 
head. It is seen in rickety children, in rapidly growing adolescents, in senile conditions, 
and in- certain diseases, such as osteo-arthritis and osteitis deformans. In the senile 
kyphosis often met with in aged labourers, the head is firmly fixed and bent forwards 
and downwards on to the chest, and the vertebral column is curved and rigid. The ribs 
are immobilised, the chest is flattened antcro-posteriorly, and breathing becomes almost 
entirely abdominal. Post mortem, bony ankylosis of the ligaments and capsules of the 
intervertebral joints is found, with ossification of the ligamenta flava, interspinal and . 
other ligaments. 

It may be noted that in marked cases of spinal deformity the trachea and aorta follow 
closely along the line of a spinal curvature occurring in their vicinity, whereas the oeso- 
phagus between the tracheal bifurcation and the stomach often passes like a bowstring 
across the concavity of the curve. 

Lordosis, on the other hand, is an exaggeration of the normal lumbar curve, the trunk 
being thrown backwards. This is always a compensatory curve, and occurs when, from 
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any cause suoK as pregnancy or tumours^ t&e abdomen is enlarged. It is more strongly 
marked in cases of disease of the liip-joint where the joint is permanently retained in a 
flexed positionV so that in order to bring the foot down to the ground the pelvis has to be 
tilted forwards^ and this is accomplished by an increase of the normal lumbdr ourye. 

Laminectomy. — The. operation of laminectomy is performed in cases of pressure on 
the medulla spinalis, where the continuity of the nerve-tracts has not been completely 
destroyed. It consists of cutting down on and removing tlie laminae and spinous pro- 
cesses in the affected region, so as to relieve the medulla spinalis from pressure; . but it 
is useless in cases of complete destruction of this structure. Laminectomy is chiefly 
performed (i) for fracture-dislocation; (ii) for localised pressure in cases of spinal caries, 
the object hero being to remove the laminie against which the medulla spinalis is pressed 
by the inflammatory mass, and (iii) for the removal of tumours growing inside the 
vertebral canal and compressing the medulla spinalis. If such cases bo taken early, very 
satisfactory results are obtained. 


The Steentjm. 

The sternum (flgs. 275 to 277) is an elongated, flattened bone, forming 
the middle portion of the anterior wall of the thorax. Its average Icn^h in the 
adult is about 17 cm., and is rather greater in the male than in the female. 
Its upper end supports the clavicles, and its margins articulate with tfie carti- 
lages of the first seven pairs of ribs. It consists of three parts, named from 
alwve dowmwards, the manubrium, the body, and the xiphoid process ; in early 
life the body consists of four segments or stemebres. In its natural position 
the inclination of the bone is oblique from above, downwards and forwards. 
It is slightly convex in front, and concave behind ; it is broad above, narrow 
at the junction of the manubrium with the body, below which it gradually 
widens as far as a point a little beneath the middle of the body, and then narrows 
to its lower^exlremity. 

The manubrium is of a somewhat iriangular form, broad and thick above, 
narrow below at its jujiction with the body. Its anterior surface, convex from 
side to side, concave from above dow^iwards, is smooth, and affords attachment 
on either side to the sternal origins of the ?g>ctoralis major and Stemqcleido; 
mastoideus. Its posterior surface, concave and smooth, gives origin on either 
side to the Sternohyoideus and Stemothyreoideus. The superior border is 
thick, and presents at its centre Xho jugular notch ; on either side of this notch 
is an oval articular surface, directed upwards, backwards, and lateralwards, 
for articulation with the sternal end of the clavicle. The inferior border, oval 
and rou^, is covered in the recent state with a thin layer of cartilage, for 
articulation with the upper end of the body. The lateral borders are each 
marked above by a depression for the first costal cartilage, and below by a 
small articular facet, AVhich, with a similar facet on the upper angle of the body, 
forms a notch for the reception of the sternal end of the costal cartilage of the 
second rib. Between the depression for the fiirst costal cartilage and the facet 
for the second is a narrow, curved edge, which slopes from above downwards 
and media] wards. 

The body^ longer, narrower, and thinner than the manubrium, attains its 
greatest breadth close to the loww end. Its anterior surface is nearly flat, 
direct^ forwards and upwards, and marked by three ridges which cross the 
bofle transversely opposite the third, fourth, and fifth articular depressions.* 
It affords attachment on either side to the sternal origin of the Pectoralis major. 
A sfernalj^gramen, of varying size and form, is occasionally seen tto 
of Jhe and fourth pieces of tho^ body. The posterior aitr/oce, afig|itly 

oonoave, is also marked by three transverse lines, less distinct, however, than 
those in front ; from its lower part, on either side, the fewaygyei^^ thoif^ 
takes origin. The upjjer end is oval and articulates udth ite manubrium, the 
•junction of the two forming the sUrwlM3sgl^ (angulus Ludovi^i t). The lower 

♦ Patersoa (The Human Sternum, lOOi) found that those ridgos were absent in 26-7 per cent. ; 
that^a ridge exited opposite the third costal oarttlagc in 69 pw cent. ; opposite' the fourth in 
39 per cent. ; and opposite the fifth in 4 per cent. 

1 after the French surgeon Antoine Louis, 1729-1792. The Lstin mgulue 
Ludovm^^ not infrequently mifitranslated into English as ' the angle of Lu^w^.’ ^ 
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artioulat^is with the xrohoid process. Each bUeral border 
(fig. 277), at Its supenor angle, has a smaU facet, which with a similar facet 
on the manotoum, foms a cavity for the reception of the sternal end of the 
cartilage of the s^nd nb ; below this are four angular depressions which 
reo^ve the sternal ends of the cartilages of the third, fourth, fifth, and sixth 


Fig. 275. — Anterior surface of sternum and costal cartilages. 

HTERN(K7LEIL>OM A STOIDEUS 



ribs j. tb6 inferior Bjiglc h&s a small facet, which., with a corresponding one 
on the xiffiioid ^cess, fbnns a notch for the cartilage of the seventh rib. 
These artionlto d^tradons are sep^ted by a series of curved interarticnlar 
intervals, which diminish in length from above downwards, and correspond 
to the intercoqted spaces. 

It will be observed that most of tiie cartilages of the true ribs articulate with the 
StenUTO at the hues of juaciioa of its primitive component s^ments ; this is well seen in 
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many of the lower animals » where the parts of the bone remain uunnited longer than 
in man. 

The xiphoid process is the smallest piece ; it is thin and elongated, carti- 
laginous in youth, but more or less ossifi^ at its upper part in the adult. Its 
anterior surfaee affords attachment on either side to the anterior cQstoidP^pi^' 
ligament and a small part of the Rectus abdominis ; its posterior surface^ to' 
the TOstOTOT costoxiphoiSniga^^ and to some of the fibres of the Oiaphtagm 
and^ansversus thoracis ; its lateral borders, to the aponeu^ses^of the.aSdb- 
minrf muscles. Above, it articulates with the lower end of the body of the bone, 
and bn the front of each superior angle is a facet for part of the cartilage of 


Fig. 276. — Posterior surface of sternum, 
Stcrnohyoideus 
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Fig. 277. — ^Lateral border of sternum. 
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the seventh rib ; its pointed inferior extremity gives attachment to the linea 
albci. The xiphoid process varies much in form ; it may be broad and thin, 
pointed, bifid, perforated, curved, or deflected considerably to one or other 
side. 

Structure. —The sternum is composed of highly vascular spongy substance 
covered by a layer of compact bone which is thickest on the manubrium between 
the articular facets for the clavicles. 

Ossification. — The sternum originally consists of two cartilaginous sternal 
plaieSyOno on either side of the median plane. Opposite, the first seven pairs of ribs 
these plates fuse with each other in the middle line to form the cartilaginous sternum. 
The bone is ossified from six centres : one for the manubrium, four for the body, 
and one for the xiphoid process (fig. 278). These centres appear in the intervals 
between the articular depressions for the costal cartilages, in the following order : 
in the manubrium and first piece of the body, during the sixth month of festal life ; 
in the second and third pieces of the body, during the seventh month of foetal life ; in 
its fourth piece, shortly before birth ; and in the xiphoid process, in the third year 
or much later.* Two small epistemal centres sometimes appear, one on either 

^ Faterson {op. ciL) found the fourth or lowest centre for the body present only in 26*9 per 
oent. of cases. 
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side of the jugular notch ; they are probably vestiges of the epistemal bone of the 
monotremata and lizards. The manubrium may have two, three, or more centres ; 
when two are present, they are generally situated one* above the other, the upper 
being the larger. The first segment of the body has seldom more than one centre ; 
but the second, third, and fourth segments are often ossified from two laterally 
placed centres, the incomplete union of which explains the occurrence of the foramen 
or fissure which is occasionally seen in this part of the bone. Union between the 
centres of the body begins about puberty, and proceeds from IkjIow upwards (fig. 279 ) ; 
by the age of twenty-five they are all united. The xiphoid process usually fuses 
with the body about the age of forty years, but may remain ununited in old age. 


Fig. 278. — Ossification of the sternum. 
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In advanced life the manubrium is occasionally joined to the body by bone, but 
when this takes place the bony substance is generally only superficial, the central 
portion of the intervening cartilage remaining unossified. 


The Ribs (Costae) 

The ribs are elastic arches of bone, which are connected behind with the 
vertebral column, and form a large part of tho skeleton of the thorax. They 
are twelve in numW on either side ; but this number may be increased by* 
the development of a cervical or lumbar rib, or may be reduced to eleven. 
The. first seven are connected in front, through the intervention of the costal 
cartilages, with the sternum (fig. 275) ; they are called iinte ribs (costse verse).* 

* Somotimes the eighth rib cartilage articulates with tlio sternum ; this condition oocors 
more frequently on the right than on the left side. 
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The remaining five are false ribs (costss spurise) ; of these the cartilages 
of the eighth, ninth and tenth are each joined to the oartUage of the rib 

Fig. 280. — central rib of the left side. Inferior aspect. 

* jlngls I Non-artieutar pari of tubercle 

Articular pirt oi iuhercle 



• Body^ 


immediately above (vertebrochondral ribs) : the 
eleventh and twelfth are free at their anterior 
extremities and are termed floating or vertebral 
ribs. 

The ribs are situated one below the other 
in such a manner that spaces, called ifitercostal 
spaces, are left between them. The length of 
each space corresponds to that of the adjacent 
ribs and their cartilages ; the breadth is ^eater 
in front than behind, and Ijetween the upper 
than ;ho lower ribs. The ribs vary in their 
direction, the upper ones being less oblique 
than the lower ; the obliquity reaches its 
maximum at the ninth rib, and gradually 
decreases from that rib to the twelfth. The ribs 
increase in length from the first to the seventh, 
below' which they diminish to the twelfth. In 
breadth they decrease successively from above 
downwards ; in the upper ten the greatest 
breadth is at the stomal extremity. 

Common characteristics of the ribs 
(figs. 280, 281). — A rib from the middle of the 
series should be taken in order to study the 
common characteristics of these bones. 

Rich rib has a posterior and an anterior 
extremity, and an intervening portion — the 
bo<ly or shaft. 

The posterior or vertebral extremity pre- 
sents for examination a head, neck, and tul^rcle. 

On the head are two facets, a superior and an 
inferior, separated by a transverse ridge named 
the crista capituli. The facets, of which the 
upper is the smaller, articulate with two con- 
tiguous thoracic vertebrae, and the crista oapituli 
is attached tp the intervertebral fibrocsirtilage 
by the interarticular ligament. . • 

iThe neck is the flattened portion which, suc- 
ceeds the head ; it is about 2'6 cm. long, and 
is placed in front of the transverse pioo^ of 
the lower of the two vertebrae with which 
head articulates. Its anferior surface consists 
of an upper and a lower area separated by a 
ridge which affords attachment to the pO |terid r 
inte^ogtal ^embrtoo and is continpovd with 
the inher lip hf theauperiojf border of tj^e bpdy 
or shaft, llie upper of varying:^ij|flee and 
xmtp ^ less triangular in shape, is separated from the post^ibr tn|orco 0 t^^ 
m^brahfe by some fatty tiMue ; the lower is smooth and cbver^ by the ^ 




BIBS 


187 


oOBt aVpl attra. Its pMterior surface is rough for the attachmeat of the ligjiaient 

perforate^ by numerous foramina. On its superior 
border is a roug^ crost, the mstjit,jio^j!gigt(e, for the attachment of the wtsiior 
oq8|^„jt!ra)(iasxKSeiigament ; from this crest a line can be followed into the outer 
1^ of the superior border of the body or shaft. Its inferior border, more or 
less rounded, gives attachment to the pogteripr. intercostal membrane and is 
continuous laterafly with the superior border of the costal groove. 

On the posterior surface of the rib at the junction of the neck and body, 
and near« the lower than the upper border, is the tubercle ; it is more prominent 
in the upper than in the lower ribs, and consists of an articular and a non- 
articular portion. The articular portion, the lower and more medial, has a 
small, Qval surface for artictilation with the end of the transverse process of 
the lower of the two vertebra) to which the head is comiected. The non-ariicular 
portion is a rough elevation, and affords attachment tp the ligament, of the 
tiubcucdo* 

The body or shaft is thin and flat, with an external and an internal surface ; 
and a superior and an inferior border. The external surface is convex, smooth, 


Fig. 281. — A. central rib c*f the left side .lewed from behind. 



and marked, a little in front of the ti berc^, by a prominent line, directed 
downwards and lateralwards ; this gives attachment to a*, tendon of the. Ilio- 
and is called the aat^le. At this point theT)one is bent in two 
(SecHons, and at the same time twisted on its long axis. If the rib be laid 
upon its lower border, the portion of the body in front of the angle rests upon 
this border, while the portion behind the angle is bent medialwards and at 
the same time tilted upwards ; as the result of the twisting, the external 
surface looks downwards behind the angle and slightly upwards in front. The 
di^ance between the angle and the tubercle is progressively greater from 
the second to the tenth ribs. Between the angle and the tubercle the external 
surface is rounded, rough, and irregular, and serves for the attachment of the 
.fepi. Near the sternal end of the external surface is an indistinct 
oT)firfue une, the anterior angle. The internal surface is concave, smooth, 
directed a little upwarSfiTBeEind the angle, a little downwards in front of it, 
and is marked by a ridge which commences at the lower extremity^ 6f the head ; 
thi^ ri^o is strongly marked as far as the angle, ^d is lost at the junction 
of the anterior and middle* thirds of the bone^ Between it and the inferior' 
border ia the cosMgx^vejJsi^ .and nerve ; witliin the 

groovb are seen the orifices of numerous small foramina for nut rient ve ssels, 
which, traverse the shaft obliquely from before backwards. At the p(£terior 
part of fjbe bone, this ^oye occupies the inferior border, but just in ficon^ ot 
angle, whi^e it is deep^t and broadest, it is on the initenial surface. T&e 
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superior edge of the groove is rounded and serves for the attaohment of an 
Intercoatalia internus ; it is continuous behind with the inferior border of the 
neck. The inferior edge of the costal groove constitutes the inferior border 
of the rib, and gives attachment to an Intercostalis externns. The superior 
border^ thick and rounded, is marked by an external and an internal lip, more 
distinct behind than in front ; the former gives attachment to an Intercostalis 
extemus, the latter to an Intercostalis internus. 

On the anterior or sternal extremity is an oval, cup-shaped depression, 
into which the lateral end of the costal cartilage is received. 

The first, second, tenth, eleventh, and twelfth ribs present certain variations, 
and require special consideration. 

The first rib (fig. 282) is the most curved and usually the shortest of all 
the ribs ; it is broad and flat, its surfaces looking upwards and downwards, 
and its Itorders inwards and outwards. The head is small, rounded, and has 
only a single, nearly circular, articular facet, which articulates with the upper 


First and second rib? 
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Angle 



part of the side of the body of the first thoracic vertebra. The neck is some- 
what rounded. The tubercle^ (hick and prominent, is directed upwards and back- 
w'ards ; on its medial surface is an oval facet for articulation with the transverse 
process of the first thoracic vertebra. At the tubercle the rib is bent, so that 
the head of the bone is directed slightly downwards. Th^iso p,o angle. The 
upper surface of the body is marked by two shallow grooves, separated from 
efiM5h other by a slight ridge prolonged internally into the sjuikneJ^f^rjde, for 
the attachment of the Scalenus anterior ; the groove in front of tEe tubercle 
transmits the subclavian vein, that behind the tubercle the subclavian aj^ry 
and the lowest trunk of the brachial plexus,* In front of the antenor" groove 
the Subclavius muscle takes origin, while behind the posterior groove is a rou^ 
area for the attachment of the Scalenus^m^us. The under surface is smooth, 
and destitute of a.cpstal^groove. TPhe outer border is convex, thick and rounded 
behind, but thin in front. Immediately behind the subclavian groove it gives 
origin to the upper part of the first digitation of the SerratUs anterior ; the 
inner border is concave and thin, and marked near its centre by the scalene 
tubi^cle. The anterior extremity is larger and thicker than that of any of 
the other ribs. 

♦ See article by Wood Jones, Anat. Anzeiger, Bd^ txxri. I WO. 
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^0 second rib (fig. 283) is about twice the length of the first, but has a 
similar curvature. The non -articular portion of the tubercle is often small. 
The anpfe te sl ight, and situated close to the tubercle. The is not twisted, 
so thaf "BolETSids of it touch any plane surface upon which it may be laid ; 
but at the tubercle there is an upward convexity, similar to, but smaller than, 
that found in the first rib. The external surface of the body is convex, and looks 
upwards and a little outwards ; near its mid<lle is a rough eminence for the 
origin of the lower part of the fost and the whole of the second digitation of 
the,,SeiT?jft:Wajant^^ ; behind and above this the Scalenus posterior is inserted. 
The internal surface, smooth and concave, is directed downwards and a little 
inwards ; on its posterior part there is a short costal groove. 

The tenth rib (fig. 284) has only a single articular facet on its head. 

The eleventh and twelfth ribs (figs. 285 and 286) have each a single 
articular facet on the head, which is of rather large size ; they have no necks 
or tubercles, and are pointed at their anterior ends. The eleventh has a slight 



angle and a shallow costal groove. The twelfth has neitlier ; it is much shorter 
than the eleventh, and its head is inclined slightly downwards. Sometimes 
the tw^elfth rib is shorter than the first. 

Structure. — The ribs consist of highly vase lar spongy substance enclosed in 
a thin layer oiicompact bone. 

Ossification. — ^Each rib, with the exception of the first and the last two, is ossified 
from four centres ; a primary centre for the body, and three secondary centres, one 
/for the head and one. each for the articular and non-a rticnlar parts of the tubercle.* 
f The first rib has three centres, viz. : a primary one for the body, a secondary centre 
for the head, and one for the tubercle. The eleventh and twelfth ribs, being destitute 
of tubercles, have each only two centres. Ossification begins near the angle towards 
the end of the second month of foetal life, and is seen first in the sixth and seventh 
ribs.' The epiphyses for the head and tubercle make their appearance- between the 
sixteenth and twentieth years, and are united to the body about the twenty-fifth 
year. 


The OosTAii Cartilages 

The costal cartilages (fig. 275) are bars of hyaline cartilage which extend 
forwards from the anterior ends of the ribs and coiitriSute very materially to 
the elasticity of the walls of the thorax. The first seven pairs are oonne^ed 

* Fawcett {Journal of Anatomy and Physiology, vol. xlv.) states that ‘ in all probability there 
is usually no epiphysis on the non-articular part of tho tuberosity below the sixth or seventh 
rib.’ 
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^^ith tho sternum ; the eighth, ninth, and tenth are each articulated with the 
lower border of the cartilage immediately above ; the last two have pointed 
e^remities Which end in the wall of the abdomen. The costal cartilages vary 
in their length » breadth, and direction. They increase in length from the first 
to the seventh, then gradually decrease to the twelfth. . Their breadth, and 
the intervals between them, diminish from the first to the last. They 
are broad at their attachments to the ribs, and taper towards their sternal 
extremities, excepting the first and second, which are of the same breadth 
throughout, and the sixth, seventh, and eighth, which are enlarged where their 
margins are in contact. The first cartilage descends a little, tho second is 
horizontal, the third ascends slightly, while the others are angular, following 
the course of the libs for a short distance, and then ascending to the sternum 
®br preceding cartilage. 

Each costal cartilage has tw’O surfaces, two borders, and two extremities. 
The anterior surface is convex, and looks forwards and upwards : that of the 
first gives attachment to the cost(C)cl§rvioular ligament and thfiuSubclaviiis 
muscle ; those of tho first six or seven at their sternal ends, to the Pectoralis 
major. The others are covered by, and give partial attachment to, some of 
the flat muscles of the abdomeii. The posterior surface is concave, and directed 
backAvards and downwards ; that of the first gives attachment to the Stqrim' 
thyreoideus, those of the third to the sixth inclusive to the Transversus*thoraois, 
and tfie six inferior ones to the Transyerisus abdominis aiid the l^pbjcagm. 
The superior border is concave, the inferior convex ; they afford attachment 
to the Intercostalcs interni. The inferior t>orders of the sixth, seventh, eighth, 
and ninth cartilages present heel-like projections at the points of greatest 
convexity; a similar hcel-Iike pn3j action occurs on the lower border of the 
fifth right cartilage in 72 per cent, and on the fifth k‘ft cartilage in 60 per cent. 
(Fawcett). On these projections are oblong facets which articulate respectively 
Avith facets on slight projections from the superior borders of the sixth, seventh, 
eighth, ninth, and tenth cartilages. The lateral end of each cartilage is con- 
tinuous Avith the osseous tissue of the rib to AV'hich it belongs. The medial end 
of the first is continuous Avith the sternum : the medial ends of the six succeeding 
ones are roimded and articulate with shalloAV concavitif^s on the lateral margins 
of the sternum. The medial ends of the eighth, ninth, and tenth costal cartilages 
are pointed, and each is connected Avith the cartilage immediately above. Those 
of the eleventh and tAvelf th are pointed and free. In old age the costal cartilages 
are prone to undergo superficial ossification. 


THE THORAX 

The skeleton of the thorax, or chest (fig. 287), is an osseocartilaginous 
cage, containing and protecting the principal organs of respiration and circula- 
tion. It is conical in shape, being narrow above and broad below, flattened 
from before backwards, and longer behind than in front. It is reniform on 
horizontal section on account of the forward projection of the vertebral 
bodies. 

Boundaries. — Posteriorly it is formed by the tw^elve thoracic vertebras 
and the posterior parts of the ribs. On either side of the vertebral column is 
a deep groove in consequence of the lateral and backward direction wUol^ the 
ribs take from their vertebral extremities to their angles. Ankfiorly it is 
formed by the sternum and costal cartilages, and this surface is flattened or 
slightly convex. Laterally it is convex, and is formed by the ribs. The ribs 
and costal cartilages are separated from each other by the intercostal spaces, 
eleven in number, Avhich are occupied by the Intercostal mdscles and mem- 
bmnes. 

The upper opening of the thorax is reniform in shape ; its anteropos^te^or 
diameter is about 6 cm., its transvei^e about 10 cm. It sloped dpwhwords 
■and forwards, and is bounded by tho first thoracic vertebia behind, the superior 
bord^ of the manubrium stemi in front, and the first rib on either side. The 
liimf^opening is bounded by the twelfth thoracic vertebra be^nd, by the 
eliTVeuth and twelfth ribs at the sides, and in front by the ciK^jlagcH of tho.;i 
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tenth, ninth, and seventh ribs, which ascend on either side and form 

an .angle, the subcoaUilangh^ into the apex of which the xiphoid process projects. 
The lower opening is wider transversely than from before backw'ards, and 
slopes obliquely downwards and backwards ; it is closed by the Diaphragm 
which forms the floor of. the thorax. 

The thorax of the female differs from that of the male as follows : 1. Its 
capacity is leas. 2. The sternum is shorter. 3. The upper margin of the 
sternum is on a level with the lower part of the body of the third thoracic vertebra, 
whereas in the m^e it is on a level with the lower part of the body of the second, 
4, The upper ribs are more movable, and so allow a greater expansion of the 
upper part of the thorax. 


Fig. 287. — Front view of the skeleton of the thorax. 



Applied Anatomy , — Fracture of the sfrmum is bv no means common, owing, no 
doubt, to the elasticity of the ribs and their curtilages, which support it like so many 
springs. The fracture usually occurs in the upper iialf of the body. Dislocation of the 
body from the manubrium may take place, and is sometimes described as a fracture. 

The bone is frequently the seat of gummatous tumours, and not uncommonly is 
affected with caries. 

The ribs are frequently broken, though from their connexions and shape they are able 
to'withstand p;reat force, yielding under the injury and recovering themselves like a spring. 
The middle ribs are the most liable to fracture. The first, and to a less extent the second , 
being protected by the clavicle, are rarely fractured j and the eleventh and twelfth on 
ace.ouut of their loose and fioating condition enjoy a like immunity. The fracture 
generally occurs from indirect violence from forcible compression of the chest walls, and 
the then gives way at its weakest part, i.e. just in front of the angle. But the ribs 
may also be b^ken by direct violence, in which case the bone is driven inwards at the 
point struck. Fracture of the ribs is frequently complicated with some injury to the 
viscera contained within the thorax or upper part of the abdominal cavity; this is most 
likely to Occur in fractures from direct v&lenoe. 

Fracture of the costal cartilages, or separation of the cartilages from the ribs, may also 
take phce,,'thapgh they are comparatively rare injuries. In workman the pressure of 
stools may the xiphoid process inwards. ^ 
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The ribs are frequently the seat of tuberculous disease, with the formation.of a chronic 
abscess in the chest- wall. This may not immediately overlie the carious portion of rib, as 
the pus is often directed a considerable distance along the costal groove before appearing' 
beneath the integument. \ 

Bescction of a portion of a rib is often required in order to give efficient drainage to an 
empyema ; this is referred to in the description of the respiratory organs. 

Cervical riba derived from the seventh cervical vertebra (page 166) are of not infrequent 
occurrence, and are important clinically because they may give rise to obscure nervous or 
vascular symptoms. The cervical rib may be a mere epiphysis articulating only with the 
transverse process of the vertebra, but more commonly it consists of a defined head, neck 
and tubercle, with or without a body. It extends lateralwards, or forwards and lateral- 
wards, into the posterior triangle of the neck, where it may terminate in a free end or may 
join the first thoracic rib, the first costal cartilage, or the sternum.* It varies much in 
shape, size, direction,, and mobility. If it reach Lir enough forwards, part of the brachial 
^plexus and the subclavian artery and vein cross over it, and are apt to suficr compression 
in so doing. Pressure on the artery may obstruct the circulation so much that arterial 
thrombosis results, causing gangrene of the finger-tips. Pressure oh the nerves is com- 
moner, and affects the eighth cervical and first thoracic nerves, causing paralysis of the 
muscles they supply and neuralgic pains and paraesthesia in the area of skin to which they 
are distributed : no oculopupillary changes are to be found. If these symptoms be severe, 
removal of the rib or as much of it as causes pressure on the vessels and nerves is called for. 
The operation is not free from difficulty, and has been followed by paralysis of the muscles 
and by subclavian aneurysm, due to injuries inflicted in the course of the operation. 

The thorax is frequently found to be altered in shape iu certain diseases. 

In rickets^ the ends of the ribs, where they join the costal cartilages, become enlarged, 
giving rise to the so-callcd ‘ rickety rosary,’ which iu mild cases is only found on tho 
internal surface of the thorax. Lateral to these enlargements the softened libs sink in, so 
as to present a groove passing downw^ards and lateralwards on either side of the sternum. 
This bone is forced forw'ards by tho bending of the ribs, itnJ the anteroposi evior diameter 
of the chest is increased. The ribs affected are Ihe second to the eighth, the lower ones 
being prevented from falling in by the presence of the liver, stomach, and spleen; and 
when the abdomen is distended, as it often is in rickets, the lower ribs may be pushed out- 
wards, causing a transverse groove (Harrison’s sulcus) just above the costal arch. This 
deformity or forward projection of the sternum, often asymmetrical, is known as ‘ pigeon- 
breast,* and may be taken as evidence of active or old rickets except in cases of primary 
spinal curvature. In many instances it is associated in children with obstruction in the 
upper air-passages, due to enlarged tonsils or adenoid growths. In some rickety children 
or adults, and also in others who give no history or further evidence of having had rickets, 
an opposite condition obtains. The low'cr part of the sternum and often the xiphoid 
process as well arc deeply cle[n'essed backwards, producing an oval hollow' in the lower 
sternal and upper epigastric regions. This is known as * funnel-breast ’ (German, 
Trichterhruat) ] it never appears to produce the least disturbance of any of the vital 
functions. The phthisical cheat is often long and narrow, with great obliquity of the ribs 
and projection of the scapula?. In pulmonary emphysema the chest is enlarged in all its 
diameters, and presents on section an almost circular outline. It has received the name 
of the ‘ barrel-shaped chest.* In severe cases of lateral curvature of the vertebral column 
the thorax becomes much distorted. In consequence of tho rotation of the bodies of the 
vertebrje which takes place in this disease, the ribs opposite the convexity of tho dorsal 
curve become extremely convbx behind, being thrown out and bulging, and at the same 
time flattened in front, so that the two ends of the same rib are almost parallel. Coinci- 
dcntly with this the ribs on the opposite side, on the concavity of the curve, arc sunk and 
depressed behind, and bulging and convex in front. 

It is commonly said that in tuberculosis of the lungs the chest is characteristically 
‘ flat,’ that is to say, that the ratio of its anteroposterior to its transverse diameter is less 
than the normal. But by careful measurement in a large number of cases, Woods 
Hutchinson has shown that this is not so. Taking the transverse diameter of the chest at 
the nipple level as =100, he finds that in the normal adult man between the ages of 20 and 
44 the anteroposterior diameter=71. In 82 phthisical subjects it was =79*5, and in 30 
' flat-chested ’ persons was =80. He explains the error as an optical illusiou, dtie to roll- 
ing forwards of tho shoulders in the ‘ flat-chested the back is seen to be correspondingly 
roimded and protuberant, while the forward position of the shoulders and clavicles lends 
an appearance of flattening to the chest. 

More or less shrinkage of one side of the thorax is often seen as a consequence of 
adhesive pleurisy, in wmch the pulmonary and parietal pleurae adhere closely to. one 
another and the lung becomes collapsed and fibrosed. If tms process be at all OQP^plcto^ 
great deformity of the chest results, the ribs on the affected side falling in^ together with 
obliteration of the intercostal spaces; the contents of the mediastinal cavity are pulkd 
over towards the affected side, and tho other lung becomes, emphysematous compensa- 
The veltebral column becomes scoliotic, with the concavity of the curve towards the 
affected side. 

* W. Thorbntn, The Med, Ohrmkle, Manohester,. 4th sories, xiv. 1S|07«> > 



OCCIPITAL BONE 


193 


THE SKULL 

The skull is si^ported on the top of the vertebral column, and is of an 
ovoid shape, wider behind than in front. It is composed of a series of flattened 
or irregular^ bones which, with the exception of the mandible, are immovably 
jointed together. It is divisible into : (1) the cranium, which consults of fifteen 
bones, and ( 2 ) the skeleton of the face, which consists of seven, as follows : 

'Occipital, 
i^henoidal. 

Two Temporal S 4 
Two Parietals. 

Frontal. 

Eihmoidali 

Two Inferior Nasal Conchso# 
Two Lacrimals. 

Two Nasals, 

. V^omer, 
rT\vo IVIaxillfle. 

I Two Palatines. 
xo Z> gomatics* 
andiblot 

The hyoid bone, situated at the root of the tongue ar*d attached to the base 
of the skull by ligaments, is describtKl in this section. 


CRANIAL BONBkS (OS^W CRANII) 

The OcciPiTAT. Bone (Os Occipital^) 

The occipital bone (figs. 288, 280), situated at (lu^ postmor and inferior 
part of the cranium, is trapezoid in shape and concave forwards. It is pierced 
by a largo oval aperture, ihe foramen magmim. through which the cranial cavity 
communicates with the vertebral canal. The exx)anded plate above and 
behind this foramen is named the squanm ; the thick, somewhat quadrilateral 
piece in front of it is called the basilar 'part ; whilst on either side of it is the 
laUral portion . 

The squama, situated above and behind the foramen magnum, is curved 
from above downwards and from side to side. ^ 

The external surface is convex and presents midway between the summit of 
the bone and the foramen magnum a promiiiciice, the external occipital pro- 
tuberance, Extending lateralw^ards from this on either side are two curved 
lines, one a little above the other. The upper, often faintly marked, is named 
the highest nuchal line (liriea nuch«o suprema), and to it the galea aj)oneurQtica 
(epicranial aponeurosis) is attaclied. The lower is termed the superior nuchal 
line. The part of the extenial surface above the highest nuchal lines is named 
tEe planum pc^pitak ; it is smooth, and covered by the Occipitalis muscle ; 
the part below, termed the planum nuchah, is rough and irregular for the 
attachment of several muscles. TVom tlie external occipital protuberance a 
ridge, the median ^ nu^l line, often faintly marked, de.scends to the foramen 
magnum, ^nd.a^ords attachment to the ligamciitum niiqhas ; running lateml- 
wards.from the middle of this line on either side is tlio inferior nuchal line 
Several muscles (fig. 288) are attached to the outer surface of tKe squama, 
thus : the superior nuchal line gives origiii tp_tbe..OcQip.italfa Trapoziius, , 
and insertion to the ^eimoqleidqpxai^tbJaei^ and Splenius capitis ; into the 
surface betwl^h the suj^riof inferior nuchal lines the Semispinalis capitis 
and the Obliquus capitis superior are inserted ; the inferior nuchal line ana the 
area bdo^lfjrecm^ tM insefEi^pl a^d 

po steri or atlanlp^ gc^^^ membrane is attached axpnim the 

a.A, — N * ' ‘ ' 


(Cranium, 15 bones 

Skull, 22 bones 

Face, 7 bones 
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posterolateral part of the foramen magaum, just outside the margin of the 
foramen. 

The tntemal surfoce is deeply concave and divided into four fossas by a 
cr’UciaM eminence. The upper two fossae are triangular, and lodge the posterior 
of the“ occipital lobes of the cerebrum ; the lower two are quadrilateral 
and support the hemispheres of the cerebellum. At the point of intersection 
of the four divisions of the cruciate eminence is the jatfertmj 
The imper division of the median part of the cruciate eminence runs from this 
protuberance to the superior angle of the bone, and on one side of it (generally 
the right) is a wide groove, the sagittal mlcu9» which lodges the hinder part of 
the siinerior samttal sm to the margins of this sulcus the pqstemr part 
of th^^f^cerebri is attached. The lower division of the median part of the 

Fig. 288. — Occipital bone. External surface. 



cruciate eminence is prominent, and is named the 
it gives attachment to the falx^jD^rebelli, and bifurcates hear the foramen 
magnum ; in the attached rnarpii of this falx is the ocoipiteil. sinus,- which is 
sometimes duplicated. At the lower part of the internal occipatal crest, a 
small depression is sometimes distinguishable ; it is termed the fossa^ 

since it is occupied by part of the vermw of the cerebellh^ 

one on either side, extend lateralwards from the^mtemal oedpit^ 
tuberance ; they accommodate the transverse cuad thdr mar|pns 

give attachment to the tentorium jjpr||belU."*T^^^ transyeme" shlcus is 

usually larger than the left, and oonrinuous with the sagittal sulcus ; . btrt the 
left , may be larger than the right, or the two, may be almost eqpial ip sizef. 
Thq angle of union of the superior sagittal and transverse amuses is nhmw the 
cfm^mce of ^ sinuses or and its position is by 

a (£e|Ki[^sk)n bn one or other side of the protuberance, • / ' i ^ : 

^ ^ diftermt dhasWoiis 
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The mperior angle of the squama articulates with the occipital angles of 
the parietal bones,' and, in the festal skull, corresponds in position with the 

’The hieral angles are at the extre- 
mities of the transverse sulci ; each ih received into the interval between the 
mastoid angle of the parietal and the mastoid part of the temporal. The 
Umhdoidal or superior borders extend from the superior to the lateral angles ; 
they are serrated for articulation with the occipital Orders of the parietal bones, 
and form by this union the lambdoid al suture. The mastoid or inferior borders 
extend from the lateral anglS to tKe jugular .processes ; each articulates with 
the mastoid process of the corresponding temporal bone. 

Fig. 289. — Occipital bone. Internal surface. 


Superior Angle 



The lateral parts are situated at the sides of the foramen magnum ; on 
their inferior surfaces are two oval processes named the occijpital^ condyles for 
articulation with the superior facets of the atlas or first cervicarvertefera. The 
condyles are oval or reniform in shape, with their long axes running forwards 
and medialwards, so that their anterior extremities are closer together than 
their posterior, and encroaeh on the basilar portion of the bone ; the posterior. 
ea^jjremitieB extend back to the level of the middle of the foramen magnum. 
The articular smfaocs of the condyles are convex from before backwar<& and 
from side tfO side ; they look downwards and lateralwards, and are occasionally 
' constiiotednear their centres. On the medial side of each is a rough impression 
dr tubercle for the Above the anterior part of either condyle 

is foramen) ; this begins on the cranial 

surfoce mThe bone a short distance abo imTEe anterior part of the foramen 
magmutu 'wd is dhceoted lateralwards s.nd forwards. It may be partkbXly ’or 
into two by a spicule of bone ; it 
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arteiy. Behind either condyle is a depression, the condyhiid which 

receives the posterior margin of the corresponding superior facet of the atlas 
when the head is bent backwards ; the floor of this fossa is sometimes perfomted 
by the condyloid canal, through which an emissary vein pass^ from the^trans- 
ver^, sinus. Extending lateralwards frdm the posterior half of the condyle 
is the iugnlm^^sa, a quadrilateral plate of bone, indented in front by the 
jn quim wfiich, in the articulated skull, forms the posterior part of the 
iu^T^FjOTame . The jugular notch may be divid^ into two by a bony 
spicule, \he intrajjigular j^rocess, which projects forwards and lateralwards. 
The under surface of the jugular process is rough, and gives attachment to the 
Rectus capitis lateralis muscle ; from this surface an eminence, the paramas^id 
process, sometimes projects do’wiiwards, and may be of sufficient length to 
articulate with the transverse process of the atlas. Laterally the jugular 
process presents a rough quadiilateral or triangular i^rea which is joined to the 

jugular surface of the temporal bone by 
Fig. 290.— Occipital lK.no at birtli. ^ cartilage ; after the age of 

twenty-five this plate tends to ossify. 

On the upper surface of the lateral 
part is an oval eminence, the tuberculum 
jugulare, which overlies the hy^)- 
glos^l canal; it is crossed by the 
Upptrpart glossopharyngeal, vagus, and iujcessory 
o/srjnama ihtvcs. On the Upper surface of the 
jugular process is a deep groove which 
curves mcdialwards and forwards and 
is continuous with the jugular notch. 
of fqmma gi'oove lodges the terminal part of 

the transverse sinus, and, close to its 
Kfrekring 1 edial margin, the condyloid canal 
( ntre opens into it. 

Lntirai basiluF part extends forwards 

part and upwards from the foramen mag- 

11 ’ i, and presents m front an area 
*nore or less quadrilateral in outline. 
In the young skull this area is rough 
and uneven, and is joined to the body 
of the sphenoidal bone by a plate of 
cartilage. By the twenty-fifth year 
this plate of jarti^ ^e has undergone ossification, and the occipital and 
sphenoidal bones arc fused. 


M* 



Lower part 
of squama 

K( rckring 
( ntre 


La 1 1 rat 
part 


On its lower swjace, about 1 cm. in front of the foramen magnum, is the 
pharyngeal tubercle which gives attachment to the fibrous raphe of the pharynx. 
On cither side of the middle line the Longus capili.s and Rectus capitis anterior 
are inserted, and immediately in front' of tlie foramen magnum the antsdSL 
atlanto-occipital membrane is attached. 

The ujtper surface consists of a broad, shallow^ groove which inclines 
upw^ards and fonvards from the anterior border of the foramen magnum ; 
it supports the medulla oblongata and lower part of the pons, and near the 
margin of the foramen gives attachment id'tho meinbrana tectoria. Oil the 
lateral margins of this surface are the infers pcffoiaCmhuA for.tto JpferiQr 
petrosal siiiuscs, and below' each of these sulci the lateral margui of tfio basilar 
part 18 rough for articulation with the petrous part of ^the temppigjjtone. 

I The foramen niagnum is a large oval aperture with its lon^ (uameter antero- 
I posteriorly ; it is wider behind than in front, where it is tmoroach^ upon by the 
j occipital condyles. It transmits the medulla oblongata and its membranes, 
,the spinal portions of the accessory nerves, the vertebral arteries, the anterior 
^and posterior spinal arteries, the membrana tectoria, and the alar ligameoitB. 

Structure. — The occipital, like the other crania! bones, consists of two compact 
lamellae, called the outer and nine)' tables, between which is the spongy , substance 
o^ the bone is especially thick at the ridges, protuberances, condyles, and 

anttoor portion of the basilar part ; in the lower parts of the inferior fossee it is thin, 
seuriilansparent, and destitute of diploe. 

(fig. 290). — The upper part of the squama, i.e. the part above the 
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hipest nuchal line, ig developed in membrane, and is ossified from two centres 
(Ifoll),* one appearing on either side of the middle lino about the second month 
of foetal life ; it may remain separate throughout life, when it constitutes the 
irUerparietal horn. The rest of the bone is devSoped in cartilage. The lower part 
of the squama is ossihed from two cefitres, which appear about the seventh week 
of foetal life and soon unite to forxp a single piece. Union of the upper and lower 
portions of the squama takes place in the third month of foetal life. An occasional 
centre appears in the posterior margin of the foramen magnum about the sixteenth 
week (Eerckring) ; this forms a separate ossicle (sometimes double) which unites 
with the rest of the squama before birth. Each of the lateral parts begins to 
ossify from a single centie during the eighth week of foetal life. The basilar 
portion is ossified from one centre (Mall), which appears about the sixth week of 
foetal life. About the fourth year the squama and the two lateral portions unite, 
and about the sixth year the bone consists of a single piece. Between the 
eighteenth and twenty-fifth years the occipital and sphenoidal bones unite to form 
a single bone. 

The SriiENOiDAii Bone (Os Sphenoidale) 

Tho sphenoidal bone (figs. 291 to 293) is situ '^.ed at the base of the skull 
in front of tho temporals and the basi^r r part of the occipital. It .somewhat 
resembles a bat with its u ings extended, and consists of a central portion or 


Fig. 291. — Splicnoidfll boue. Superior surface. 



body.,, two greiitjind two .small wings cxioiiding lateralwards from tlie sides 
of the Ibody, and two, pterygoid processes w'hich are directed downwards from 
the adjoining parts of the body and great wdngs. 

The body, more or less cubical in shape, contains two large cavities, the 
separated from each other by a septum. 

"T&e cerelkat or sujyerior surface of the body (fig. 291) presents in front the 
for articulation with the lamina cribrosa of the ethmoidal 
bone ; behind this is a smooth surface faintly gronved on either side of the 
middle line, fo^ the olfactory This surface is bounded 
behind by a ridge, ^whfcR forms t£e anterior border of a transverse groove, the 
sukus^ chda sintilis (op tic g rppye) ; this sulcus ends on either side in the opHc 
foramen. Posterior to the sulcus is a more or less oval elevation, the 
sdk e and behind this is a deep depression, the ^sMsktWCic^, the deepest^ part 
oTw^hich lodges the h ypemhy sis cewori and is known as the fossa 




eminences, called the whilst the posterior bo]gmdary 

\Atnmcan Jourml of Anatomy, vol. v. 1906, 
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is formed by a sq^uare-shaped plate of bone, the dorgum ^Um . sap^ior 
angles of which end m two tubercles, the pfwfrnoft .fiftdofd , gwiac«tW ; these 
procemm vary considoably in form and size, and y yp tf t the 

lateral borders of the t^ptorium c er^d li. On either side of the dorsum 
sellse is qjjatfih fpc the passage of th^iSavissait and below this notch a 
sharp process, the pefeoaol p r(^s. which articulates with the apex of the petrous 
portion of the temporalbone. Behind the dorsum sellas is a shallow. ^QKseKjpn, 
which slopes obliquely biickwards, and is continuous with the upp^ surface of 
the j^msilar portion of the occipital bone ; it suppocts^tha np par myt-nt t b** 
Boaa. 

He lateral surfaces of the body are united with the • great wings and with 
the medial ptery^id laminse. Above the attachment of each wing is a brood 
groove, the earsiid.mlmSi craved somewhat like the italic letter /; it 


Fig. 292. — Sphenoidal bone. Superior and posterior surfaces. 
Anterior clinoid process J 


Scaphoid fossa 
Pterygoid fossa 


Poramcn totundum 



’Spina angularis 

Pterygoid canal 
Lateral pterygoid lamina 
Medial pterygoid lamina 

Hamulus 


Vaginal process 


Rostrum 


the internal carotid artery and the Q 2 tverjvo„us aumiB. The carotid sulcus is 
deepest at the posterior part of the body where it is overhung by the petrosal 
process, and limited anterolateraliy by a sharp margin which is called the 
; the latter overlies the posterior opening of the pterygoid canal. 

' The posterior surface^ quadrilateral in form (fig. 292), is joined, during 
infancy and adolescence, to the basilar part of the occipital bone by a plate of 
cartilage which becomes ossified between the eighteenth and twenty-fifth years. 

The anterior surface of the body (fig, 293) presents, in the middle lino, a 
triangular crest, the sphenoidal crest, which fo rmtf a sn^all part of the s§|^ti|pQL 
pf.,the..noao. ; itd anteHtrrbdrder afticulates^.wth .tho 

the ethmoidal bone'l; ' its' lQ:fcer#, with the .-vomer. On either side of the p^^t 
is an opening leading into the corresponding sphenoidal air-sdnus,* These 
sinuses are two large, irregular cavities in the body of the hone, s^rated from 
one another by a bony septum, which is commonly bent to one or the other 
side. They vary considerably in form and size,t are seldom symtnetrioal, tod 


* Same confusion is occasioned to students commencing the sttidy of anatomy by the nsaie 
* having been given to two different kinds of spaces connected with the skttfi. It may 
be as well, therefore, to state here that the < sinusos ’ in the interior of the cranium whi(^ produce 
the grooves on the ixmer surfaces of the bones are venons channels which' convey the, hhK)d 
flrom the brain, while the ^sinuses' external to the cranial cavity (the htmtal 
lettubaoidai, and maxillary) are hollow spaces in the hches themselves ; they cemn 
thcipasal cavities, and contain air. - 

aimer {The Awssory Sinuaeo of Ihe Ifcse, IdOl) giv^^ folloii^^ messufweiita 
of average size : heightf 2 om. i tereadiih^ l*9 om* ,« an'toropcem^K cm^ 

. Accessory Sinuses of fhe Nose in Cfk&ikmg 1211} sUM thst iii the infaii^,; 

jir M 4 miu. and tbehr width 2 mm., and Wkt vt the.ij^tn yee^ heifiM Is feom. 
iny'-'f^their wHthll mm. ^ ■ 
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a/re oftei^rj^rtially subdivided by bony laminas. A lateral recess may extend 
from on^^or other sinus into the great wing and lingula, while occasionally 
they reach into the basilar part of the occipital bone nearly as far as the foramen 
magnum. In the articulated skvdl they are closed, in front and below, by 
the (see p. 201), only a round opening being left in the anterior 

wall of each sinu^ by which it communicates with the upper and ^sterior part 
of the nasal cavity and occasionally with the posterior ethmoidal air-cells. 
Each half of the anterior surface consists of two parts : (a) an uppt^r and lateral 
depressed area which comipletes, with the labyrinth of the. ethmoidal bone, 
the posterior ethmoidal cells its lateral mar^ articulates with the lamina 
papyrape?^ of tire ethmoidal , bone above, and with the orbital process of the 
palatine bone below ; (6) a lower and medial, tnangular, area which is smooth 
and fonns the posterior part, of the roof of the nose ; near its superior angle is 
the round orifice of the sphenoidal sinus. 


Fig. 293. — Sphenoidal bone. Anterior and inferior surfaces. 
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The inferior mrface (fig. 293) presents, iA the middle line, a triangular spine, 
the s phen oidal rosiatajm. which, in the articvJated skull, projects into a deep 
fissure between the anterior parts of tbe.aia) of the vomer. The posterior, 
triangular parts of the sphenoidal couchin extend backwards on the sides 
of the iostrum, and articulate with the also of the vomer. On either side of 
the posterior part of the rostrum, and immctliately behind the apex of 
the sphenoidal concha, is a projecting lamina, the va^nal prosi^s, direct^ 
m^alwards from .the base of the medial pterygoid lamina, with which it will 
be described^ 

The gr^at wings (alsa magnee) are two strong processes of bone, which 
curve upwards and lateralwards from the sides of the body. The posterior 
, part of each is triangular and fits into the angle between the squama and the 
petrous , portion of the temporal bone ; projecting doumwards from the apex 
of this triangular portion is a point^ process named the 
on the medial side of which there is usually a ffioqyq, directed 'aovmw and 
forwards, foxJ&e.;Qh9i;da To %o"spina angularis axe attached 

the s pfaen om^tofla^Jiggm» ^ of the Tensor veli palatini, 

*V. Z. Cope {Jgurmt of An^aUmy and PhyaiologUf vol. li. part iL) found a well-marked 
lateral recem in 12 out Binuses examined, and has pointed out that the hypophysis, tbo 

anterior part o]f m intmal carotid artery, the optic and maxillary nerves, and tKe nerve of 
the pterygoid dtnal ipay gh^ rise to el^i^tlons in the walls of the sinuses. 

tB.'Cif»iEi6atis Lucimj Anatomical /Society cf Oreat Britain avA 

1894.' • ^ ^ ^ K 
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Tbe cerebral or mperior surface of the great iving (fig. 201) forme part of 
the floor of the middle fossa of the skull ; . it is deeply concave, and presents 
depressions corresponcKng with the convolutions of the anterior part of the 
teini)oral lobe of the brain. At its antero-medial part is a circular aperture, 
the foramen roturiduni, for the passage of tbn r^A^nllAry nAggft Behind and 
lateral to this foramen is the f(( ^ amen. ovale, for the transmission of the man - 
dibnlai nerve, the accessory mexunge^ artery, and i|j;^m^tiines the lesser superficial 
petrosal nerve.* Medial to the foramen ovale, a small aperture, the 

is sometimes seen ; when present it opens below at the lateral side of The 
Rca^oid fossa, and transmilaa small vein feom the. cav^ous sinus. In the 
posterior angle, near to but in front of the spina angularis, is a short canal, 
the /orawen which transmits the nervus spinosus and the middla 

meningeidiitery. 

The lateral surface (fig. 293) is convex, and divided by a transverse ridge, 
the infratemporal crest, into an upper or temporal and a lower or infratemporal 
surface. The temporal surface, concave from before backwards, forms a part 
of -the temporal fossa, and gives ori^n to the Tempor^tlis. The infratemporal 
surface is concave and directed downwards ; it forms a part of the infratemporal 
fossa, and, together with the infratemporal crest, gives origijQL.ift;«.thn.,Etery' 
gpideus extemus. It is pierced by the foramen ovale and foramen spinosum, 
and at its posterior part is the spina angularis. Medial to the anterior extremity 
of the infratemporal crest is a triangular process which serves to increase the 
attachment of the Pterygoideus extemus ; a ridge extends downwards and 
medialw'ards from this process on to the front of the lateral pterygoid lamina ; 
it forms the anterior limit of the infratemporal surface, and, in the articulated 
skull, the posterior boundary of the pterygomaadllary fissure. 

The orbital surface of the great wing (fig. 293), quadrilateral in shape, is 
directed forwards and medialw^ards and forms the posterior part of the lateral 
w^all of the orbit. Its upper serrated edge articulates with the orbital plate 
of the frontal bone : its lateral serrated margin with the ^sygomatio bone. 
Its inferior smooth border forms the posterolateral boundary of the inferior 
orbital fissure. Its medial sharp margin forms the loww boundary of the 
superior orbiUl fissure ; projecting from near the centre of this margin is a 
little tubercle which gives attachment to the inferior head of the Rectus lateralis 
ocuji ; at the upper end of the margin is a ju0ch fpr the transmission of the 
recurrent, meningeal branch of the lacrimal artery. Below^ the medial end of 
the superior orbital fissure is a grooved surface, which forms the posterior wall 
of the pterygopalatine fossa, and is pierced by the foramen rotundum. 

Margin ^ great win^ (fig. 291). — ^Thc portion which extends from the body 
to the spina angularis is irregular. Its m^ial half forms the anterior boundary 
of the foramen lacerum, and presents the posterior aperture of the pterygoid 
<^.nal for the passage of the corr^ponding nerve and artery. Its lateral half 
articulates, by means of a synchondrosis, with the petrous portion of the 
temporal bone, and between the two bones, on the unaer surface of the skull, 
is a furrow, the f^>r the lodgment of the c(|||1;d]|ginpj!^...p^^ of the 

auditory tube. Extending forw ards from the spina angulam is the sgjia^iifkl 
rmrgin, a concave, serrated edge, bevelled at the expense of the inner sunace 
below', and of the outer surface above, for articulation M^ilh.the temporal squama. 
The tip of the great wing, or postal angle, is. bevelled at the expense, of the 
inner surface, for articulation with the sphenoidal angle of thq|)arictal.boiie. 
Medial to this is a triangular rough area, for articulation ; 

the medial angle of this area is continuous with the sharp edge which forms 
the lower boimdai^ of the superior orbital fissure, and the anterior angle with 
the serrated mar^n for artiemation with the zygomatic bone. 

The small wings (alss parvse) are two triangular pltites, which project 
laterally from the upper and ant^or parts of the body, and end in sharp 
* points (fig. 291). Tlie cerebral surface of each is smooth, and suppqufej^^rt- 
. ofJhe-faoiifcaLlahfc o£ the briain. inferic^ surface fonns^]&e posterior part 
<o|^e roof of .the orbit, and the upper boundary of the ; 

its posterior part overhangs the anterior part of the fos&ia of the skull. 

The orbital fissure is triangular in shape, and leads from the cavity 

lesser superficial petrosal nerve sometimes pasies through a special canal 
^ : situated medially to the foramen'i^nosum. 
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of the oranium into that of the orbit ; it is bounded medially by the body of 
the sphenoid ; above, by the small wing ; below, by the medial margin of the 
orbital BXtrfaoe of the great wing ; and is completed laterally, between the 
greater and lesser wings, by the frontal bone. It transmits to the orbitaP, 
cavity the oculomotor, trochlear, and abducent nerves, the three branches/ 
of the ophthalmic division of the trigeminal nerve, some filaiiients from the: ' 
cavernous plexus of the sympathetic, and the orbital branch of the middle 
meningeal artery ; and from the orbital cavity the recurrent branch from thoJ 
lacrimal artery to the dura mater, and the ophthalmic veins. The frontal or 
anterior border is serrated for articulation wdth the posterior edge of the orbital 
plate, oi the frontal bone. 'Th.o jpostenor border is smooth and is received into the 
lateral cerebral fissure ; the medial end of this border forms the anterior clinoid 
process, which gives attachment to the free border of tho tentorium cerebelli. 
The anterior and middle clinoid processes are sometimes united by a spicule 
of bone, and when this occurs the end of the groove for the internal carotid 
artery is converted into a foramen {caroticoolinoid). The small wing is con- 
nect^ to the body by two roots, the upper thin and flat, the lower thick and 
triangular ; between these is tho oj}fic foxOimcn, for the transmission of the 
optic artery to tho orbita* cavity. 

TECpterygoid processes (figs. 292, 293), one on either side, descend 
perpendicularly from the region nhere the body and great wings unite. Each 
process consists of a medial and a lat‘ t*al lamina, the upper parts of which 
are fused anteriorly ; a vertical groove, the pterygopalatine sulcus, descends 
on the front of the lino of fusion, and forms, in the articulated skull, the jicsterior 
wall of the pterygopalatine canal. The JamiTise arc separated below by an 
angular cleft, the pterygoid, fissure, the rough margins i r which articulate with 
the pyramidal process o£ tlie palatine bone. 1‘lic two luiainre diverge behind 
and enclose bet ween them the V-shaped j^'^rygoid j^ssa, w^hich contains the 
Pte^goideus intenius and Ten.sor-.veli palatini. Alio/e this fossa is a small, 
ovaC shallow' depression, the s^phoid. fossa, whicn gives origin to part of the 
Tensor ypli. palatini. The anterK r siirfaco a ho ptt iygoid process is broad 
and triangular near its root, where it forms ihe poaterior wall of the pterygo- 
pilatine fossa and presents the anterior orifice of tho.p/e/ Vf/oid canal. 

The lateral lamina of the pter>%"'‘id process is oi*oad thin, and everted; 
its lateral surface forms part of the inediai w^all of the infratemporal fossa, and 
gives origin the lower head of the Pterygoideus ext emus ; its mtflial surface 
forms the latbral Avail of tho pterygoid fos.sa, aud gives origin to the Pterygoideus 
intemus. 

The medial lamina of the pterygoid i^roccss is irirroAver and longer than the 
lateral ; it projects backwards, but curves latoralwards at its lower extremity 
into a hook-like process, the pterygoid Jmff ^Uus,^ around Avhich the tendon of 
tha.JJ'ea 84 «:.Teli paktini glides: The lateral surface of this plate forms pairt 
of the pterygoid fossa, and tho Tei\sor veli palatini lies against it ; the 'tnedial 
surface constitutes tho lateral boimdary of the choaua or posterior aperture 
of the corresponding nasal cavity. Sup«*riorly "he medial lamina is prolonged 
on to the under surface of the body as a thin plate, named tho vaginal process, 
which articulates anteriorly with the sphenoidal process of the palatine bone 
and medially Avitfe the ala of tlio vomer. On the under surface of the vaginal 
process is a fflUpw, which is converted into a canal by the sphenoidal process 
of the palatine bone, for ihe transmission of the pharyngetil branch of the 
internal nj tffi l lary artoiy'ancr the pharyngeal nerve from the sphenopalatine 
ganglidnr ^e'pharjpigotesjkr iai^fik-sCpAi^CTigeal aponeurosis) is attache<i 
entire fengfh'jof the posterior edgp of the medial lamina, and the Qpn- 
sfnclS^^^n^^sj^ At the upper 

end^’oTnio^^medial pterygoid lamina is a small pyrainiaal process named the 
pterygoid tubercle, and immediately atove this tubercle is the posterior opening 
ofine" pterygoid canal. Projecting bickwards from near the middle of the' 
posterior edge of this lamina is an angular process, the which 

support^; thejph^rvnA ef^^^ tube. The anterior margin of 

the lamina of the vertical part ^ the 

pajatme bone. ^ " /' 

sphenoidal conchae acetwo thin, curved plates, situated at the anterior 
and lower parts of the body of the sphenoidal bone \ the upper, oonofirve surfacfe 
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of each forms the anterior wall and the greater part of floor of the corre- 
sponding sphenoidal sinus. Tbey are usually more or 1^ destroyed in the 
process of disarticulating the skull, but when seen in situ, each consists of 
an anterior, vertical, quadrilateral part and a posterior, horissontal, triangular 
part. The anterior* vertical .portion consists of, (a) an upper and lateral, 
depressed area which completes the posterior ethmoidal cells and arbicnla'tes 
below with the orbital process of the. palatine bone; and (6) a 
jarc^rsinoot^ and triangular, which forms part of the 
cavity, and is perforated near its superior angle by a round opening through 
which the sphenoidal sinus communicates with the spheno-ethmoidal recess 
of the nasal cavity. The anterior, vertical portions of the two bones meet 
in the middle line, and are there continued backwards as the sphenoidal crest. 
The horizontal triangular portion of the concha forms a 'part of the roof of 
the nasal cavity, and complgtgg^ the ^benopalatinc fo^^en ; its medial 
margin articulates with the rostrum of the sphenoidal boiie, and with the ala 
of the vomer; the apex, directed backwards, lies medial to and above the 
vaginal process of the medial pterygoid lamina, and articulates with the posterior 
part of the ala of the vomer. A small portion of thesphenpidal concha .some- 
times appears in the m.edial wall of the orbit, between the lamina papyracea 
of the ethmoidal bone in front, the orbital plate of the iialatine bon^ below, 
and the frontal bone above. 

Ossification. — Until the seventh or eighth month of foetal life the body of the 
sphenoidal bone consists of two parts — ^viz. one in front of the tuWculum sell®, 
the presphemidal part, with which the small wings are continuous ; the other 
comprising the sella turcica and dorsum sellse, the postsphenoided part, with which are 
associated the great wings, and pterygoid processes. The greater part of the bone is 

ossified in cartilage. There 
' Fio. 294.— Suhenoidal bone at birth. Posterior are fourteen centres in all, six 
aspect. for the presphenoidal and 

eight for the postsphenoidal 
part. 

Presphemidal part. About 
the ninth week of foetal life 
an ossific centre appears for 
each of the small wings, just 
lateral to the optic foramen ; 
shortly afterwards two nuclei 
appear in the presphenoidal 
l)art of the body. The sphe- 
noidal conchse are each de- 
veloped from a centre which makes its appearance about the fifth month * ; at 
birth they consist of small triangular laminse ; about the third year they become 
hollowed out and cone-shaped ; about the fourth year they fuse with the Iab 3 rrinth 8 
of the ethmoidal bone, and between the ninth and twelfth years with the sphenoidal 
bone. 

Postsphenoidal part. — The first ossific centres are those for the great wings. On^ 
appears oclow the foramen rotundum in the cartilage wUch forms the base of each 
wii^ about the eighth week ; the orbital plate and that part of the sphenoidal bone 
which is found in the temporal fossa, as well as the lateral pt0xy|^oid lamina; ^re 
ossified in membrane.f About the fourth month, two centres appear in the post- 
sphenoidal part of the body, one on either side of the sella tuicfea, and fuse atout 
the middle of foetal life. Each medial pterygoid lamina (with esmeption oiits 
hamulus) is ossified in membrane, and its centre probablj^ appeats about the ninth 
or tenth week ; the hamulus is chondrified during the third month, and almost at 
once begins to ossify (Fawcett j;). The medial and lateral pterygoid laminee join 
about the sixth month. About the fourth month a centre appears for each lingula 
and speedily joins the rest of the bone. , \ 

^e presphenoidal and the postsphenoidal. parts fuse abouh/the eighth month 
life, and at birth the bone is in three pieces (fig. .2^)^; a cen$m> consisting 

*A<^ording to Cloland, each sphenoidal ocmeha > ossified 
, t Fawcett, Journal of Anatomu and PA^sMof^, rpl xUv;. 1010. 
.:iAlwlomi^erAniieiffer,MnTohlW(h 
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of tie body and amell win^e, and two lateral, each comprising a great wing and 
pterygoid process. In the first year after birth the great wings and body unite, and 
the small wings extend medialwards above the anterior part of the body, and meet 
to form an elevated smooth surface, termed the jt^gum sphenoidale. By the twenty- 
fifth year the sphenoidal and occipital bones are completely fused. In the anterior 
part of the fossa hypophyseos there are occasionally seen the remains of the 
canalis crantopharyngeus, through which, in early fcetal life, the hypophysial 
diverticulum of the buccal ectoderm is transmitted (see page 132). ^ 

Traces of the sphenoidal sinuses are seen as early as the third month of foetal 
life, but the sinusJ^s do not attain their full size until after puberty. 

Certain parts of the sphenoidal bone are connected by ligaments which occasionally 
ossify. The more important of these ligaments are : the pterygospinous , stretching 
betroen the spina angularis and the upper part of the lateral pterygoid lamina (see fascia 
colli); the interclinoidf joining the anterior to the posterior clinoid process; and the 
caroticoclinoidt connecting the anterior to the middle clinoid process. 

Applied Anatomy, — Premature ossification or synostosis of the intersphcnoidal suture 
(which normally begins, to join at birth) and of the sphenobasilar suture produces a 
characteristic physiognomy. This is best seen iu profile, and consists in an abnormal 
depression of the bridge of the nose ; it is a feature of’ a observed in dwarfs. 


The Tempoeai. Bon^^. (Ossa Temporalta) 

The temporal bones arc situated a< the sides and base of the skull. Each 
consists of five parts, viz. the sqnama, the petrous, mastoid, and tympanic parts, 
and the styloid pro(‘es^. 

Tlie squama forms the anterior and upper part of the bone, and is scale- 
like, thin and translucent. Its ^mporaloi ^ixternal nrface (fig. 295) is smo'^th 
and slightly convex ; it forms part of the temporal ossa and gives origin to 
the Temporalis muscle ; on its hinder part, above the openin^r of tho eternal 
acoustic mi^tus, is a vertical groove for the ‘OiMle tomporal^rtery. A curved 
lino, the temp or al line ov j 8 U 2 ^mmastoid \ backwaids and upwards, 
across its posterior part. ; it servS?s for the atla jsivniebi )f (he teimK>ral fascia, 
and limits the origin of the Temi^nalis muscle. 0 ‘»a'^'lary betw'een the 

squama and the mastoid portion of vlio lione aboin t. < below this line, 
and is frequently indicate by traces of the origin^dl amosal suture. 

Projecting from the lower part of the squama is a long, arch'-.i process, the 
zygpn^UiQ..^iii^ This pmcess is attached by a broad b’ *<, and is at first 
Erected laterally, its surfaces looking upwards and downwards ; it then 
twists inwards and runs forwards, its siuiaces now looking medially and 
laterally. The superior border, long and thm. gives attachment to the temporal 
fascia ; the inferior, short and arch^, gives ^^ri gin to some fibres of th<jMas^ter. 
The lateral surface is convex and subcutaneous ; the medial is concave, and 
gives origin to part of the Masseter. The anterior end is deeply serrated and 
cut obliquely at the expense of the lower border ; it articulates with the zygo- 
,^atio bone. The posterior end is connected to »the squama by two roots — 
interior and porterior. The posterior root, a prolongation of the upper border, 
runs backwards, ttbove the opening of the external acoustic meatus, and is 
continuous wii^ the temporal line. Between the opening of the external 
acoustic meat^ and the posterior root of the zygomatic process is the 

through which an instrument may be pushed into 
The anterior root, continuous with the lower border, 
is short biftOTOad and strong ; it is directed medially and ends in an eminence, 
the qrftc ufar JuberQle (enmentia^ artioul^ris). This tubercle is convex from 
before^cKards, aSadTor^^^^ boundary of the luandihull^r.fpssa. 

In front of it is a small triangular area which forms part of the it^ratemporal 
fojftsi;; and is separated from the outer surface of the squama by a ridge whiohr 
is continuous behind with anterior root of the zygomatic process, and in 
front, in ihe articulated sk^f ^th the infnitemiOTal crest on the groat wing 
o| the jimotioii; of the anterior root with the s^ipfEi^tie 

proeesis is isi tubei!^ for of the tem poi om^ndibidar 

and behind the anterior root je an oval depression, fommg part 6| the 
buhup fossa. ,Tke mgmdihuhr (g^woid fossah is bonded, in 
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the articular tubercle ; it consists of an anterior, articular portion, formed by 
the squama, and a posterior non -articular portion, formed by the tympanic 
part of the bone. The articular portion, smooth, oval and deeply concave, 
articulates with the articular disc of the tempofomandibular joint ; the non- 
articular portion sometimes lodges a small part of the parotid j^and. A small, 
somewhat conical, eminence (postglcnoid tuberclb) scpafat'es the lateral half 
of the articular portion from tKe anterior margin of the tympanic part, and 
is the representative of a prominent tubercle which, in some mammals, descends 
behind the condyle of the mandible, and prevents its backward displacement. 
The medial half of the articular portion of the mandibular fossa is separated 
from the tympanic part of the bone by the lower edge of opiate which projects 


Fig. 29^1. — fieft tomporal bono. Extcrnjil surface. 
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downwards the tegmen tympani of the petrous part ; the fissure between 
this plate and the tympanic part is named the peprolyrtvpmic 
fissure). The pctrotympinic fissure leads into the middle ear or tympanic 
cavity ; it lodges the anterior process of the mt^Ueus, and transmits the^antonor 
tympjvnic branch of the internal maxillary artery. The m^al part of fibe 
fissure is known as the canal o^Hugtiier it transmits the chor da tvmp j^i nerve. 

The ^rebraloT internal surfao»o{ the squama (fig. 296) is concave ; » {ov^nts 
depressions corresponding to the convolutions of the temporal lobe of tha brain, 
and grooves for the branches of the mid(Ue jnQitingeai vessels ; its lower border 
is united to the anterior surface of the petrous portion by the rn troamom ma 
sjiLute, traces of vrhich are frequently seen. 

• The parietal ox superior border is thin, and bevelled at the expense of the 
internal surface ; it overlaps the squamous border of the parietal bone, 
forming with it the squamosal nature. Posteriorly, the su^rioc border forms 
an an^, the patifital mOoh, with the mastoid portion X)f boirei The 
now to^ o r ankro-inferior border, thin above and thick below, ittticulates with the 
' gs^t w^ of the sphenoidal bone ; its upper mrt is bevelled at the expense of 
tire hmet sutfoce, its lower at the expense of me outm* snrfacO. 



TEMPORAL BONES 206 

The mastoid portion forms the posterior part of the bone. Its oukr surface 
(fig. 296) is rou^, and gives attachment to the Occipitalis and Auricularis 
noat^i^ It is frequently perforated near the posterior border by the mastoid 
jCff<iW>en which transmits a vein, from the. transverse sinus and a small brwch 
of the. oecipi^ul artery to the dura m.fi'ter ; the position and size of this foramen 
are very variable ; it may he situated in the occipital bone, or in the suture 
between the temporal and the occipital. The mastoid portion is continued 
below into a conical projection, the maspid^XQcess, the size and form of which 
vary somewhat ; it is larger in the male than in the female. This process 
serves for the attachment of the Stcrnocleidomastoidcus. Splenius capitis, and 
I^iijgisrimus capjtis ; on its medial side is a deep groove, the unastoid notch 


Fig. 296. — Left temporal bone. Internal surface. 



PoruH acni^licHs intcrnun 


(diga^trjic ia^a), for the attachment of the posterior belly of the JMcastricus ; 
m^M to this notch is a shallow furrow-, the occipital groove, which lodges the 
occroijtalqrtery. 

On the Inner surface of the mastoid ]X)rtion is a deep, curved groove, the 
lodges part of the transverse sinus ; in it may be 
seen tho opening of the mastoid foramen. ,Tho sulcus sigmoideus is separated 
frqm the iimcrmbst of the masl-oid air-cells by a thin lamina of bone w^hich 
may b© partly deficient. 

The superior border of the mastoid portion is thick and serrated for arti- 
culation with the mastoid angle of the parietal bone. The posterior border, 
also serrated, articulates with the inferior border of the occipital tone betw^een 
th© .lateral angle and jugular process. Anteriorly the mastoid portion is fused 
with the descending process of the squama above ; below it enters into tho 
formation of the external acoustic meatus and tho tympanic cavity. 

A section of tb^ foastoid process (^. 297) exhibits a number of spaces, 
the mas1mij0B, vary greatly in size and number. At tho upper and 

front part, of the process they are large and irregular and contain air, but 
tow^ards the lower pari they ^minish in size, while those at the apex of the 
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from the antrum, and begin to appear at or before birth ; by the fifth year 
they are well marked, but their development is not completed until towards 
puberty. 

^e petrous potion or pyramid is wedged between the sphenoidal «md 
occipital bon^ at the base of the skull. It is directed medialwards, forwards, 
and a little upwards, and has a base, an apex, three surfaces; ^nd three angl«w ; 
the essential prts of the organs of hearing and equilibration ate jdaeed within it. 

The base is fu^ with the squama and the mastoid portion. ' 

Hw (^ex, rough and uneven, is received into the anspaler interval hetwe^i 
the postCTiot border of the great wing of the sphenoidal tone and the ba^dlar 
part of the occipital tone ; it is pierced by the anterioi^or 
cargHfl canal, and forms the posterolateral toundary of tiieioraa^iy$oerum> 

• anterior surface forms the posterior part of the middle fossa" of tV- 
skili^, and is continuous with the inner surface of the sqwrina, to whieh it & 
uniti^J)y the primsqwmms suture, remains of which ate distiiie^'even at' ft* 
lete ^@<sKod of fife. It is marked by dejnesskHis for tbe .:eonvD!Tii^e':t)f the 
presents s ix ixfin ts for examination : , (1> neior 'i^ ^tie is fhft 
WQueki wlidch indicates the situktibn of <i%e.8tmeifior 
; . ^) hi fe^t of and e little, later^ to t^is mhinenoern.a; depteaped^aeee^ 






TEMPORAL BONES 


207 


Flo. 298. — Diagraininatic view of the 
lateral end of the right internal 
fieoiifltic ine.,tu'’. (Testut.) 


te hich foms th^ roof of the tympanic capty and consi&ta of a thin plate of 
me kno?5m oa the tegvmn tympani ; a thin scale of this descends between 
the squama ^d the tympanic plate, and forms the anterior boundary of the 
petTOtyxnpanie, fissure, and the greater part of the, lateral wall of the semicanal 
for the T fflgpr ; (3) a shallow groove, sometimes double, 

. leads backwarcB anomeraTw^^ to an oblique opening, the higfus^qf thejacial 
; passage of the petrosal nerve and the pkrosal 

S branchy of the middle meningeal artery; (4) lateral to the hiatus there is 
‘Occasionally a smaller opening for thejassage of the lesser ..superficial petrosal 
jugece ; (5) near the apex of the bone is the termination of the carotid canal, 
jthe anterior wall of which is here deficient ; (6) above this canal is the shallow 
fri ^erninal ipipres aion for the reception of the semilunar ganglion of the trige- 
bimSTnerve. 

\ The posterior surface (fig. 296) forms the anterior part of the posterior fossa 
oj^ the skull, and is continuous with the inner surface of the mastoid portion. 
Nbar the centre is an orifice of varying size, the pprus acystieus intemus loading 
into the interml OLcomtic nieatus, a short canal, about 1 cm. in length, which 
runs lateralwards. It transmits the facial and acoustic nerves and the internal 
auditoiy branc^^ of the .basilar artery. We lateral end of the internal acoustic 
meatus is clos^ by a vertical plate which reparates it from the internal ear. 
This plate is divided by a horizontal .i-est, the crista transversa, into two unequal 
portions, each of which (fig. 298) is sub 
divided by a vertical ridge into an anterior 
and a posterior part. In the portion 
beneath the crista iians versa are three 
sets of foramina : one group, below the 
posterior part of the crest, and situated 
in the area veMihularis inferior, consists 
of several small openings fo.. the 
mission of the nerves, to the saeoado ; 
below and behind this area is the fQ^'^^f(^en 
singjdlSLre, which gives passage? U, he 
neryA.to the posterior, semicircular iv^t ; 
in front of and below the area vest, j 
inferior is the tractu^ spiralis forandne^ifs, 
consisting of a numfeer bf smalt spirally 
arranged openings, which encircle the 
canulis centralis cochlece ; these openings 
together with tHe'cahalis centralis cochleso 
transmit the nerves to the cochlea. . 

The portion above the crista tVansverset 
displays behind, the arm v^tibularis 
superior, pierced by a series of small 
openings for the passage of the ueryes 
‘ to the utricle and the superior and lateral 
seraicircifl’ar dim^ front, the 

area'faciatu, with one large opening which 
is the commencement of the cangiis 
fcaMis (aqu^^qa J^ltepii) and trans- 
mits tihe facialjaierye. Behind the porus 
.'acui^ious intemus is a sm^lt slit almost hidden by a thin plate of bone, leading 
to a ciiunal, the which contains the ductus endolymphatieus 

together with a smap artery and vm Above and between these two openings 
jb an irregular dep^ a. process of the dura mater and transmits 

a si^UlLyein ; in the infant this depression is represented by a large fossa, the 
which extends backwards as a short blind tunnel under the 
supe^T semicircular canal. 

inferii^ surface (fig, 299), rough and irregular, forms part of the external 
sutlape of tbs base of skull. It presents the following parts for examina* 
tion t (I) ueaf the^li'Sex is a quadrilateral rou^ surface, which seryce.p^y 
fot the and the c^ilagmaua^l^ion 

partly for connexion with baafiar 
interyartion of some dpuse fih|^ tiss^^ ; 



1. Crista traDsuvcii^a. 2. Area facialis, 
with (2') Internal opening of the fadal 
caital. 3 . Kldge separating tiie area facialis 
from the ari:a vestibularis superior. 4 . Area 
vestibularis superior, with (4') Openings 
for nerve lllamciits. 5'. I'ractus spiralis 
foraniinosus, aiul (5*) the canalls centralis 
of the cochlea. 6. llidge separating the 
tractus spiralis foraminosiis from the area 
vestibularis inferior. 7. Area vestibularis 
inferior, with (7') Orifices for nerves to 
saccule. 8. Foramen siueulare. 
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this is the largo, nearly circular aperture of the carotid canal ; this canal at 
first is vertical, and then, making a bend, runs horizontally forwards and medial- 
wards ; it transmits into the cranium the intgmaL carotid artery, ..and. the 
carotid plexus of nerves ; (3) beliind these openings is a <^p depression, 
the jugalar jassa, of variable depth and size in different skull^ it lodges the 
bulb of the internal jugidar vein ; (4) in front of the medial part of the jugular 
fossa and dir^tly below the internal acoustio meatus is a triangular depression ; 
at the apex of this depression is a small opening, the aqucediictua cochJfiCB, which 
lodges a tubular prolongation of the dura mater and transmits a v^ from the 
cochlea to join the internal jugular vein ; (6) in the bony ridge dividing riie 
carotid canal from the jugular fossa. is the small inferior tyrn^nio^qinaliculiis 
for the passage of the tympniic branch of the glossopharyngeal u^e (nerve 


Fig. 299. — Left temporal bone. Inferior surface. 
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Jugular surface 
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oi Jacobson ) ; (0) in I he Jalcral part, of the jugular fossa is the rmstoid cmiaUcJiHs 
for the entrance of the auricular branch of She vagus jierve (nerve of ,AiXuJd) ; 
(7) behind the jugular fossa is the jugulqj surface, a rough quadrilateral area 
covered with cartilage in the recent state, and articulating with the jugular 
process of the occipital bone; (8) extending lateralwards from the carotid 
canal is the sharp lower border of the tympanic part of the bone ; the lateral 
part of this border splits to ensheath the root of the styloid process and is 
therefore named the vagina proces^tts styloidei ; (0) emerging from its sheath 
is the styloid process, w'hich is about 2'5 cm. in length, and is directed downwards 
and forwards ; (10) between the styloid and mastoid processes is the 
nuisto^ jc^wrmn ; it is the termination of the facial canal, and transmits the 
facial n^orye and stylomastoid artery. 

superior angle (superior margin), the long^t, is grooved for the 
petiosal jtinus, and gives attachment to the tentQri|ux^,cgr$b^ ; at its memal 
is a shallow notch, in whioh the tr j| ii(mm<^ nerve lies.. The 2 jos<«i;ipr 
qf^fe^jCposterioT margin) is intermediate in mngth oetween the superior and. 
«thef anteribr. Its medial part is^marked by a sulons^ wkioh forms, wltSi a 
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corresponding sulcus on the occipital bone, the channel for the inferior petrosal 
sinus. Behi^ this is the jugular fossa which, with the jugular notch on the 
occipital bone, forms the jugular foramen ; an eminence occasionally projects 
from the centre of the fossa, and divides the foramen into two. The anhrior 
angle (anterior margin) is divided into two parts — ^a lateral, joined to the squama 
at the petrosquamous suture ; a medial, free for articulation with the spina 
angularis of the sphenoidjtl bone. 

At the angle of junction of the petrous part and the squama are two canals 
placed one above the other, and separated by a thin plate of bone, the septum 
caimlis (proceesiia.cochleariformiB). i^th canals lead into the 

tympanic cavity ; the upper (semi^nalis m. tensoris tympani) transmits the 
Tensor tympani muscle, the lower (aemicanalis tubas auditivaj) forms the 
bony part of the auditory tube. 


Fic. 300. — The tlircf principal purls of tbo right tcniporal bone at birth. 


Sevtum canalia museulotubarii 



Lat ral imll of i^fmpanic 

1. Outer surface of petroinastoid part. 2. Innoi •.t...aco i f tympanic 3. i .tier surface of 


The tympanic part is a curved plale of bone lying below the squama and 
in front of the mastoid process. Its posterosuperior surface is concave, and 
forms the anterior wall, the floor, and part of the posterior wall of the bony 
external acoustic meatus ; at the medial end of this surface is a narrow furrow, 
the tympaiUc sulcus, for the attachment of ti e circumference of the tympanic 
niemfetane. Its antero-inferior surface is quadrilateral and slightly concave ; 
it constitutes the posterior wall of the mandibular fossa, and is sometimes in 
contact \rith a part of the parotid gland. Its lateral border is free and rough, 
and gives attachment to the cartilaginous part of the external acoustic meatus. 
Int^m^iJly, the tympanic part is fused with the petrous portion, and appears 
in the retreating angle between it and the squama, where it lies below and lateral 
to the orifice of the auditory tube. Posteriorly, it blends with the squama and 
mastoid part, and forms the anterior boundary of the tympanomastoid fissure. 
The lateral pirt of the upper border is fused 'aith the back of the postglenoid 
process ; its medial part forms the posterior boundary of the petrotympanic 
fissure. The medial part of the lower border is sharp ; the lateral part splits 
to enclose the root of the styloid process, and is therefore named the 
vojgina procesms styloidei. The central portion of the tympanic part is thin, 
and in a considerable percentage of skulls is perforated by the fpratnen of 
Husclike. 

" Tlie external acoustic meutus, nearly 2 cm. long, is directed inwards and* 
slightly forwards and downwards, so that the floor of the meatus is convex 
upwards. In sagittal section it is oval or elliptical in shape with the long axis 
directed downwards and slij^itly backwards. Its anterior wall and floor and 
the lower part of its posterior wall are formed by the tympanic part of the bone ; 
the roof and the upper part of the posterior wall by the squama. Its inner end 
is closed, in the recent atate, by the tympanic membrane ; its outer end {jpofus 
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is bounded above by the posterior root of the zygomatic 
process, below which a small spine, the is sometimes seen 

at the upper and posterior part of the orifice. ^ 

The styloid process, slender, pointed, and averaging about 2*5 cm. 4n 
length, projects downwards and forwards, from the under surface of the temporal 
bone. Its proximal part is surrounded by its sheath (vagina 

processus styloidei), w'hile its distal part gives attachment to the 

and styloii^n(PioJiaR.Jig&j^ and to the Styl^aswu^lo- 
E^qidevis and* Stylopharyngeua muscles. 

Stoueture. — The structure oi the squama is like that of the other cranial bones : 
the mastoid portion is spongy, and the petrous portion dense and hard. 

Ossifioation. — The temporal bone is ossified from eight centres (exclusive of 
those for the internal ear and the tympanic ossicles) — ^viz. one for the squama, one 
for the tympanic part, four for the petrous and mastoid parts, and two for the 
styloid process. Just before the close of fcetal life the bone consists of three principal 
parts, viz. : the squama, the petromastoid part, and the tympanic ring (fig. 300). 
The sqmmn is ossified in membrane from a single nucleus which appears near the 
root of the zygomatic process about the seventh or eighth week of foetal life. The 
petrwnastoid part is developed from four centres, which make their appearance 
in the cartilaginous ear-capsule (page 75) about the fifth or sixth month. One 
(pro-otic) appears in the neighbourhood of the eminentia arcuata, spreads in front 
of and above the internal acoustic meatus and extends to the apex of the bone ; 
it forms part of the cochlea, vestibule, superior semicircular canal, and medial wall 
of the tympanic cavity. A second (opisthotic) appears at the promontory on the 
medial wall of the tympanic cavity and surrounds the fenestra cochlese ; it foims 
the floor of the tympanic cavity and vestibule, surrounds the carotid canal, invests 
the lateral and lower part of the cochlea, and spreads medially below the internal 
acoustic meatus. A third (pterotic) roofs in the tympanic cavity and antrum ; while 
the fourth (epiotic) appears near the posterior semicircular canal and extends to 
form the mastoid process (Vrolik). The tympanic ring is an incomplete circle 
in the concavity of which is a groove, the tympanic sulcus, for the attachment of 
the circumference of the tympanic membrane. This ring expands to form the 

tympanic part, and is ossi- 
Fio. 301.— Temporal bone ut birth. Outer aspect. fied in membrane from a 




Sqxmma single Centre which appears 

Mai^tosqimmosai The styhid process is de- 

veloped from the proximal 
part of the cartilage of the 
second branchial or hyoid 

proximal part, the 
tympamhyal, appears be- 

comprising the rest of the 

Tynvanic ring procesw, is named the styUh 

hyal, and does not appear 
until after birth. The tym-, 
/ panic ring unites with the 

Petrotnastoid portion birth ; the peteomastoid 

j . ^ and the squama, join 

during the first year, and the tympanohyal portion of the styloid process about the 
same time (figs. 301, 302). The stylohyal does not unite with tk rest of the bone 
until after puberty, and in some skulls never at all. 

The c^f subsequent changes in the temporal bone apart from increase in siae 
are : (1) The tympanic ring extends lateralwards and backwards to form the tym- 
^mc part of the bone. This extension does not, however, take place at atf equal 
rate all round the circumference of the ring, hut occurs most rapimy on its anterik 


Petromastoid portion 
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and posterior portions, and these outgrowths meet and blend, and thus, for a time, 
there exists iii the floor of the meatus a foramen, the foramen of Huschke ; this 
foramen is usually^losed about the fifth year, but may persist' throughout life. 
(2) The xnandibular fossa is at first extremely shallow, and looks more lateralwards 
than downwards ; it becomes deeper 
and is ultimately directed downwards. 

Its change in direction is accounted for 
as follows. The part of the squama 
which forms the fossa lies at first below 
the level of the zygomatic process and 
is nearly vertical, tut in consequence of 
the subsequent increase in the width of 
the base of the skull this part of the 
squama comes to be directed horizontally 
inwards, and its surfaces therefore up- 
wards and downwards ; the attached 
ortion of the zygomatic process also 
ccomes everted and projects like a shelf 
at right angles to the squama. (3) The 
mastoid portion is at first quite flat, and 
the stylomastoid foramen and ruf^* 
mentary styloid process lie immediately 
behind the tympanic ring. With the 
development of the mastoid air-cells the 
outer part of the mastoid portion grows 
downwards and forwards to form the 
mastoid process, and the styloid process and stylomastoic foramen come to lie on 
the under surface of the bone. The descent of thi' stylomasioid foramen is neces- 
sarily accompanied by a ^corresponding increu^e in the 1 ngth of the facial canal. 
(4) The downward and forward growth of the mastoid pi /cess also pushes forward 
the tympanic part, so that the portion of the latter which formed the original 
floor of the meatus and contained ^he forameT >>> Hupohke ultimately constitutes 
the anterior wall of the meatus. (5) The fossa Mibarcuata qri the posterior surface 
of the petrous portion becomes filled up and almost obliterated. 


Fio. 302. — Temporal bone at birth. 
Inner aspect. 
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The Parietal Bones (Ossa Parietalia) 

The parietal bones form, by their union, the sides and roof of the cranium. 
Each is irregidarly quadrilateral in shape, and has two surfaces, four borders, 
and four angles. 

The parietal or external surface 30-':) is convex, smooth, and marked 
near the centre by an eminence, the p^ieiai4rdi(^r.Qsii^ ot. eminence. Crossing 
the middle of the bone in an arched direction are two curved lines, the mpevipr 
Si>ii^^nfmor ter n p pr al lines ; the former gives attachment to the temporal 
fsysoicb Tatter indicates the upper limit of the or^in of the Iimiporalis. 

Above these lines the bone is covered by the galea ajgoueiirotica ; below them 
it forms part of the terupQTQ'l iossa. At the*’ posterior jmrt and close to the 
upper or sagittal border is the parv^ foramen, wliich transmits a veiaJrQm 
thuAup^rioraagittal sinus, and sometimes a small branch ojE the occipital artery ; 
the foramen is not constancy present, and its size varies considerably. 

: !Ehe cerebral or internal surf ace (fig. 304) is concave ; it presents depressions 
corres^nding to the cerebral convolutions, and numerous furrow's for the 
ramifications of the middl e ip eningeal vessels * ; the latter run upw'ards and 
backwards from the sphenoida^iUigie, and from the central and posterior part 
of the squamous border. ""Xiong the upper or sagittal border is a shallow' groove, 
which, with that on the opposite parietal, forms the sagiUgf sulcus, for the 
superior sagittal sinus ; to the edges of the sulcus the falx^cer^n is attached. 
Near the sulqus are saveial depressions, best marked in the skulls of old persons, 
tor the ara ohmid eal grani^^^ 

; * Consult articles by F. Wood tloncs. Jmmal of^ Anatomy and Physiology, vol. and 
B. Coen, JoumAl of AnaHokty and Physiol^j, vol. xlviiL , 
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The scfigi^l.Jtffirdery the longest and thickest, is dentMed and articulates 
with its fellow of the opposite side, to form the sagittal suture. The 
border is divided into three parts : of these, the anterior thin and pointed, 
bevelled at the expense of the external surface, and overlapped by the tip of the 
great wing of the spheroidal bone ; the middle portion is arched, bevelled at 
the expense of the external surface, and overlapped by the squama of the 
temporal bone ; the posterior part., thick and serrated, articulates with the 
mastoid portion of the temporal bone. The frojij^l bolder is deeply serrated, 


irticuJafi s 
with 
f ran fat 
-hone 


Fig. f30y. — Left parietal bone. External surface. 
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and bevelled at the expense of the external siuface above and of the internal 
below ; it articulates uith the frontal bone, forming one half of the corpr^t 
sutui^re. The occipiUil border^ deeply dontated, articulates with the occ^ital 
bone, forming one half of the la mbdoid al suture. 

The/rcwijjaiL^ is practicallyTnipira^^^ and corresponds with the point 
of meeting of the sagittal and coronal sutures ; this point is named the brfid^ ; 
m the foetus and for about a year and a half after birth this region of the skull 
is membranous, and is called the fronjfdjof^icuh^^ (aute)Cior.,toi3toU^^ The 
sphmoi^l angle, thin and acute, is receiv^ into tho interval between the 
frontal bone and the great wing of tho sphenoidal bone ; in some cases the 
frontal bone articulates with the squama of the temporal bone, and the parietal 
"then fails to reach the great wing of the sphenoidal bone. Its internal surf^e 
is marked by a deep groove, sometimes a canal, for tlie anterior, divisions of the 
mi(|^e meningeal vessels. The occixdtaJLOfti^ is rounded and ^ corresponds 
yfitn the h/mM a or point of meeting of the sagiittal and lambdoidal sutures ; in 
■ |ihe fmtuB, and for about a year after birth, this part of the skull is membranous, 
snd jM called the The ma stM angle 
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is blunt and articulates with the occipital bone and with the mastoid portion 
of the temporid bone ; on its internal surface is a broad, shallow groove, the 
transver^mli^iis, which lodges a small part of the transverse sinus. 

OniAc^ Ion. — The parietal bone is ossified in membrane from two centres, 
which appear one above the other at the parietal tuberosity about the seventh 
week of foetal life. These centres unite early, and ossification gradually extends 
in a radial manner towards the margins of the bone ; the angles are consequently 
the parts last formed, and it is here that the fonticuli exist. At birth the temporal 


Fig. .*i04. — Loft parietal bono. Internal siirfaco. 
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lines are situated low down ; they only rea^a their permanent position after the 
eruption of the molar teeth. Occasionally the parietal bone is divided into two 
parts, upper and lower, by an ant ropostorior suture. 


The Frontal Bone (Os Frontale) 

The frontal bone resembles a couklc-shell in form, and consists of two 
portions — a vertical part, the corresponding with the region of the 

forehead ; and a horizontal or orbital^^vi, which enters into the formation 
of the roofs of tlie orbital and nasal cavities. 

Squama.— The external surface of the squama (fig. 305) is convex and divided 
into a large frontal and two small temporal surfaces by lines which arch back- 
wards across the lateral parts of the bone. 

The frontal surface usually exhibits, in the lower part of the middle line, 
the remains of the \ in infancy this suture divides 

the bone into two, a conation which persists in about 9 iJer cent, of skulls. 
On either side of this suture, about 3 cm. above the supraorbital margin, is a 
rounded elevation, the frmM^ t^ro^^ These tuberosities 

vary in size in different indl^ualsr occasionaJly unsymmetrical, and are 
especially prominent in young skulls ; the surface of the bone above them is 
smooth, and covered by the gftlga apougurotioa. Below the frontal tuberosities, 
and separated from tHem Gy*la staUovTjpo^^ are two curved elevations, the 
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suvercili aru arckea. the medial parts of which are prominent, and joined to one 
tSuSther hy a smooth elevation named the al qf^ella . These arches are larger 
in the male than in the female, and their degree of prominenee depends to some 
extent on the size of the frontal air-sinuses ; prominent ridges are, however, 
occasionally associated with small air-sinuses. Beneath the superciliary arches 
are the curved which form the upper boundaries of the 

bases of the orbits, and separate the squama from tfie orbital portion of 
the bone. The lateral two-thirds of each supraorbital margin are sharp ; the 
medial third is rounded. At the junction of these two parts is 
npich OT foramen which transmits the supraorbital and.nCJT®. M^ial 


Fig. 305. — Fimital bone. External surface. 
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to this foramen is the small /rontol ijo/cA or foramen. The supraorbital margin 
ends laterally in the sygormlie jtroces.’t, whieh is strong and prominent, and 
articulates with the zygom'allc bone. Runniog upwards and backwards 
from this process is a line which soon divides into the supexiot.JtlgiiJiJ)feiaor 
tetnjmai. lines. 

portion of the squama which projects downwards between the supra- 
orbital margins is known as the na^^rt. It presents a rough, uneven interval, 
the n asal notch, which articulates on eillier side ot the middle line with the 
nasal HraeTand lateral to this with the frontal process of the maxdla and with 
the lacrimal. Prom the centre of the notch the nasal pwess projects downwards 
and forwards beneath the nasal bones and frontal processes of the niaxilUa, 
. and supports the bridge of the nose. The nasal process ends below in a shaip 
frotifa^ sn ine, and on either side of this is a small grooved surface which forms 
parSraT the roof of the corresponding nasal envity. frontal apino forms 
part of ,ttt6 septum of the nose ; it artioulateainJtot with the crest of the nasa l 
bones, bciihg^ with, the . lamina perpendiojdsds .xrf. the oti^oidql. bia^ * 

Tim, temponu surface, below and behind the temporal lihra, fpims the anterior 
pait,dl th» temporal fossa, and gives origin to the Tem |>maiip n^usole. 
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The c ^/ssib^l jnystja ce (fig 300) of the squama is concave. In the upper part 
of the middle line is a vertical groove, the sul cus^ the edges of which 

unite bdow to form thB frqpfyjljsMsi ; the sulcus lodges the anterior part of the 
superior sagittal sinus, while its margins and the crest afford attachment to 
the anterior part of the ffdx;.<ggrftbri. The crest ends below in a small notch 
which is converted into the foramen cmcvm by articulation with the ethmoidal 
bone. The foramen caecum vanes Tn^size'm" different skulls, and is frequentl}’' 
impervious; when o^n, it transmits a^yein from ^the no the superior 
sa^itta^ ^n\is. On either side of the midcQe "line are depressions for the 
convoTuHons of the brain, and minute furrows for the anterior branches of 


Fig. 306. — Frontal bone. Cerebral surface. 
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the midd^jncningi^l ye^gicli?,. Several small, irregular fossso may be seen 
on either side of the* sagittal sulcus, for the reception of the a^^i^chnoid^eal. 
granulations. 

The border of the squa'tna is thick, strongly serrated, bevelled at the expense 
of the Cerebral surface above, where it rests upon the parietal bones, and at 
the expense of the temporal surface on rither side, where it receives the lateral 
pressure of those bones ; it is continued below into a triangular, rough surface, 
which articulates with the great wing of the sphenoid. 

Orbital part. — ^l^his part consists of two thin triangular 
which form the vaults of the orbits, and are separated from one another by a 
wide gap, the 

The orbital surf ace (fig. 306) of each orbital plate is smooth and concave, and 
presents, lateiully, under cover of the zygomatio process, a shallow depression, 
the tocrimfLfoiia, for the laoamaLgiiwd ; below and behind the mc^al mi. 
of the supr^rbital margin is a depression, the fov^aJjCQ^^ or occasionally 
a small for the attachment of the fibrocay ; 6| t^ 
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of the Obliquus OQwli superior. The cerebral surface is convex, and marked 
by depressions corresponding to the convolutions of the frontal lobe of the 
brain, and faint grooves for the meningeal branches ot,.,tbo^jetltunoidal 
Viiasels. 

The ethmoidal notch (incisura ethmoidalis) separates the two orbital plates ; 
it is quadrilateral, and filled, in the articulated skull, by the lamina^ ccibxosa 
of the ethmoidal bone. On the margins, of the notch are several half -cells 
which, when united with corresponding half -cells on the upper surface of the 
ethmoidal bone, complete the ethmoidal air-cells. Two grooves cross each 
margin transversely ; they are converted into the anterior posterior et%xnoidal 
by the ethmoidal bone, and open on the mc^al wall o| the orbit. They 
transmit the anterior and posterior ethmoidal nerves and vessels. In front 
of the ethmoidal notch, and lateral to the frontal spine, are the openings of the 
frqiital aijr'smuses* These sinuses are. two irregular cavities, which extend 
backwards, upwards, and lateralwards for a variable distance between the 
two tables of the bone ; they are separated from one another by a thin bony 
septum, which is often deflected to one or other side of the middle line, with 
the result that the sinuses are seldom symmetrical. Rudimentarj’' at birth, 
they are usually fairly well developed between the seventh and eighth years, 
but only reach their full development after puberty. They vary iii size in 
different persons, and are larger in men than in women.* E%ph communicates 
Avjtth the middle meatus of the corresponding nasal cavity by means of a passage 
called the fronionasal dvet. 

The posterior borders of the orbital platen are thin and serrated, and articulate 
with the small wings of the sphenoidal bone ; the lateral part of each usually 
appears in the middle fossa of the skull between the great and small wings of 
the sphenoidal bone. 

Structure. — The squama and the. zygomatic processes are thick and consist 
of spongy substance contained between two compact laminae ; the spongy substance 

is absent in the regions occupied 
by the frontal air-sinuses. The 
orbital part, composed entirely 
of compact bone, is thin and 
translucent, hence the facility 
with which the cranium can be 
penetrated through the roof of 
the orbit ; when the frontal 
sinuses are exceptionally large 
they may extend backwards for 
a considerable distance into the 
orbital plates. 

Ossification, -(fig. 307) The 
frontal bone is ossified in mem- 
brane from two primary centres 
which appear in the seventh or 
eighth wfeek of foetal life, one 
above each supraorbital margin. 
From each of these centres ossi- 
fication extends upwards to form 
the corresponding half of the squama, and backwards to form the orbital plate. The 
sjpine is ossified from a pair of seconda/ry centres, one on either side of the middle 
line ; similar centres appear in the nasal part and zygomatic processes. At birth 
the bone consists of two pieces separated by the frontal suture ; union of the two 
pieces begins in the second year, and the frontal suture is usually obliterated, except 
at its lower part, by the eighth year. 

^ * Logau, Turner (op. cit.) gives the following measurements for a sinus of average size : 
height, 3'16 cm. ; breadth, i SS cm. ; depth from before backwards, 18 cm. Onodi (op. cit) 
states that in infants of from one to twelve months the height of tho frontal sinus varies from 
3-5 nui 3 ^;to 8 mm., and its \^idth from 2 mm. to 6 /nm., and that in the eighth year of life the 
height IS from 14 mm. to 17 mm., and the width from 7 mm. to 9 mm. 


Fio, 007. — Frontal bone at birlli. 
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Vi-iatii ijalli 


The Ethmoidal Bone (Os Ethmoidale) 

The ethmoidal bone is cubical in shape, and exceedingly light ; it is 
situated at the anterior part of the base of the cranium and assists in forming 
the avails i)f the. orbital cavities jDd. the ?oofs and lateral walls of the 

nasal cavities. It consists of four parts : a horizontal, perforated plate named 
the lam^a"cr ibyo aa» a lamina 

perpmiuaBlwis, and two fiq. 308.— Ethmoidal bono, from above, 

rintbs or lateral masses. 

"’ The lamina cribrosa (fig. Lamina iHrptndicularh 

308) occupies the ethmoidal ^ Alar process 

notch of the frontal bone and 
helps to roof in the nasal 
cavities. Projecting upwards 
from the median line of this 
plate is a Jihick, smooth, tri- 
angular process, the emto 
( fflZZy so called from its resem- 
blance to a cock’s comb. Its 
posterior border, long, thin, 
and curved, gives attachment 
to the falx^^cerebii. Its an- 
terior border^ short and thick, 
articulates with the frontal 
bone by two small projecting 
alar 'proc^easea which complete 
the Its sides 1 

are s^SlhTmid sometimes ^ 

bulging from the presence of a f.mall air-sinus in tl e interior. On cither side 
of the crista galli, the lamina cribrosa is narroA\ .md depressed ; it supports the 
olfactory bulb and is perforated bj foramina tot the passage of th(^ olfactory 
nerves. The foramina in its middle part are small and transmit the niJXYCS 
to the roof of the nasal cavity ; those m the medial and lateral parts are larger 
— the former transmit the ner\'es to 1: ' mucous membraiif on the upper j)art 


'"Lamina cribrosa 

Anterior ethmoidal 
ffroorr 


Vast tnur tth m o idal 
groove 



of tfeaJiasftllSEtttm. the latter the nervesji^fi imicous men^^ 
SQp%iQr..lwaaJUMiDAh{>'- At the front part of the Emina cnbrosa, on either side 
of t&e crista*sal1i, is a small fissure which is occupied bv a process of dura mater. 
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Lateral to this fissure is a foramen whioh transmit the a nterior ethm oidal 

> from this foramen a groove runs hetcKwarlsTo^he 
anterior ethmoidal foramen. 

The lamina perpendicularis (figs. 309» 310)^ thin, flattened, and polygonal in 
form, descends from the under surface of the lamina cribrosa, and forms the upper 
part of the nasal septum ; it is generally deflected a little to one or other side. 
The anterior ftorrfer articulates, with, the spine of the frontal bone and ^e cjrest 

(3 ^hejji^^^Q^bpn^ The p g^t f^rior 

Fio.*310. — Ethmoidal bone, from bcluud. aHioulates with ,fiphe- 

noidal and with the 

voi^er.below. The infeamc^^boxder 
is thick, and se^es for the attach- 
ment of the oar^agjgL.J3i...^^ 
septum.of thc.nose. The surfaces 
of t^e lamina are smooth, except 
above, where numerous grooves 
and canals are seen ; these lead 
from the medial' foramina on the 
lamina cribrosa and lodge fila- 
ments of the olfactory nerves. 

The labyrinth or ' lateral 
mass consists of a number of thin- 
walled eth moi dal air Mils, arranged 
in three groups, anterior, middle, 
and jjosterior, and interposed betw^n two vertical plates of bone ; the 
lateral plate forms part of the medial wall of the orbit, the medial plate, 
part of the corresponding nasal cavity.* In the disarticulated bone many 
of these ethmoidal air-cells are open, but in the articulated skull they are 
every^vhci’e closed, except at their openings into the nasal cavity. The 
U2yper surface of the labyrinth (fig. 308) presents a number of cells, the >vaJls 
of which arc completed, in the articulated skull, by the edges of , the ethmoulal 
notch of the frontal bone. Crossing this surface are two giooVes which are 
converted into the anterior and po-sterio^jg^^/^o/da/ camU by articulation with 
the frontal bone. X)n the posterior surface (fig. 310) are large air-cells the wcalls 
of which are comideted by the sphenoidal concha above, and the orbital process 



Labyrinth 


Sv peri or tiusat 
concha 

Snpfrior mcatm 
Vneinaie process 


Middle nasal concha. 
Kam ina perpendicularis 


Fig. yiJ.— Etliirioiclal boiir, froiu tbt^ ri^fbt side. 



bpuo .belo'A'. Tho laUral surface (fig. 311} cemsists of a thin, 
sifipoth, oblong plate, the lamina (oiy which covers fn. the 

middle and porterior ethm9fiKf"MlU and lorms a large part of the medial wall 
of th^^orbit ;3Tt articnlates ahova lyith thn nrbita^. plate 

, Anatomists divido the ethmoidal air-cells into, two groups, oom|xrisiug 

which open into the middle melitus of tho nose, .and a:jE>csterfw,:'^pse- Whioh 
thii^fh|p0ot -meatus. ' 4 ' ' ^ ' 
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wlow yyjth the maxilla an^ the orbital ptocBM of th«. palatine bone, in front 
irith tn e laojn inal, and behind with the a pheQ p i dal bone (fig. ‘324). 

K^nt air-cells, the Avails of which are 

compI^^bjrJ|eJ^^4 bcije Rd tfe^XippM proems of the maxilla. A 
curvecnamina,, the wichigiQ^process, projects downwards and backwards from 
this mft of the labyrinth ; it forms a small part of the pxe<lial wajl of the 
maxuIasEy:. sinus (fig. 324), and axticuTaW^x^^Mlir^^^ . process of the 

inferior jasal concha. ' 

lAie meSiO? surface of the labyrinth (fig. 312) forms part of tho lateral wall 
of the corresponding nasal cavity ; it consists of a thin lamella, which descends 
from the .under surface of the lamina cribrosa, and ends in a free, convoluted 


Fit>. 312. — Lateral wall of nasal cavity, showing fclie ctlunoidal bone (coloured redi 
and the inferior concha (coloured blue) in position. 



margin, the Us upper jxart is marked by numerous 

grooves, directecl nearly vertically downwards frojii tho lamina cribrosa ; they 
lodge branches of the olfactory nerves, which are distributed to the mucous 
membrane covering the superior nasal concha. The posterior part of the 
niedial surface is subdivided by a narrow’, oblique fissure, the 
(rf t ^* noi^ ,v bounded above by' a thin, curved plate, tho super^i^uaicA con^ ; 
tneposEmoir ^hmoidal colls open into this meatus. Below and in front of the 
'sui)erior meatus, is the convex surface of the middle nasal concha ; it extends 
along the whole length of the medial surface of the labyrinth. Its lower margin 
is free ^d thick, while its lateral surface is concave, and assists in forming 
the g f p ose. The middle ethmoidal cells produce a rounded 

swelling, named the on the lateral wall of the middle meatus : 

on this bulla, or immeofS^y a^vo it, the cells open into the meatus. A curvkl 
passage,' termed the extends upwards and forwards from the 

middle meatud ; it communicates with the anterior ethmoidal cells, and in 
ratlier more than SQ per cent, of skulls is continued upwards as the frcmtonasal 
into the 
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Ossification. — The ethmoidal bone is ossified in the cartilaginous nasal capsule 
by three centres ; one for the lamina perpendicularis, and one for each labyrinth. 

Tlie centre for each labyrinth appears in the region of the lamina papyracea 
between the fourth and fifth months of foetal life, and extends into the conchse. 
At birth, the bone consists of the two labyrinths, which are small and ill-developed; 
During the first year after birth, the lamina perpendicularis and crista galli begin 
to ossify from a single centre, and are joined to the labjrrinths about the- beginning 
of the second year. The lamina cribrosa is ossified partly from the lamina perpen- 
dicularis and partly from the labyrinths. The ethmoidal cells begin to develop 
during foetal life, and in the neAV-born infant have the form of narrow pouches. 


The Inferior Nasal Concha (Conchje Nasales Inferiobes) 

The inferior nasal conchae are curved lamina which extend horizontally 
along the lateral walls of the nasal cavities (fig. 312). Each bone has two 
surfaces, two borders, and two extremities. 

The medial surface (fig. 313) is convex, perforated by numerous apeitures, 
and traversed by longitudinal grooves for the lodgment of vessels. The laical 
surface is concave (fig. 314), and fornia.^art of the inferior meatus oi .^hc' nasal 
cavity. The upper border is thin and irregular, and may be divided mio three 


Fui. 310. — Itiglit inferior nasal concha. 
Medial snrfaee. 


Fig, 314. — Right inferior Jinsal concha. 
Lateral surface. 




portions ; of those, ih( anterior articulates Avith the crista conchalis of the 
maxilla, and the posterior AAuth the crista conchalis of the palatine hone. The 
middle portion presents three processes, which vary much in their size arid form. 
Of these, the lacrimal process is small and pointed and is situated at the junction 
of the anterior fourth with the posterior three-fourths of the bone : it articulates, 
by its apex, with the descending process of the lacrimal bone, and, by its margins, 
Avifb the edges of the nasolacrimal groove on the medial surface of the body of 
the maxilla, and thus assists in forming the canal tos the nasolacriuial duat. 
Behind this process a thin plate, the ethmoidal process, ascends to join, the 
uncinate process of the ethmoid ; from the middle part of the superior border 
a thin lamina, the maxilla^'y process, curves downwards and lateralwards ; it 
articulates with the maxilla and the maxillary process of tha«^palatine bone, and 
forms a part of the medial wall of the ma.xiliary sinus (fig. 324). The inferior 
border is free, thick, and spongy in structure, more especially in the middle of the 
bone. Both extremities are more or IcSs pointed, the posterior being the more 
tapered. 

Ossification. -The inferior nasal concha is ossified from a single centre; this 
appears about the fifth month of footal life in the maxilloturbinai cartilage which 
is the incurved lower border of the lateral wall of the nasal capsule. It is detached 
from the remainder of thc3 nasal capsule during ossification. 


The Lacrimal Bones (Ossa Lacrimalta) 

Tk^ lacrimal bones, the smallest and most fragile of the cranial bones, are 
situated at the front parts of the medial walls of the orbits (fig. 316). Each 
bot^ip has two surfaces and four borders. The lateral (fig. 316) 
' is by a vertical ridge, the ppj^dQr.MmfnaL£re8L into two pi^. In 
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Fig. 315. — Left lacrimal 
bone. Orbital surface, 
(Enlarged.) 

viA Frontal 


front of this crest is the lacrirml groove, the inner^mar^n of which unites with 
the fxSffljW completsLSfi!,]^ The upper 

part of this fossa lodges the laciwaal sac ; the lower, part of the nasolacrimal 
duct* The portion behind the crest is smooth, and forms part of the medial 
wall of the orbit. The crest, with a part of the orbital surface immediately 
behind it, gives oryin to the lacrimal jtart p| the 
Orbi<ndftri^v 0 puU, and ends below in a small, hook- 
like projection, the which arti- 

culates,, with the lacrimal tubercle of the maxilla 
and corapletesL-the upper , orifice ot the lacrimal 
canal ; fhe lacrimal hamulus sometimes exists as 
a separate piece, and is then called the Usier 
lacrimdJmte. On the medial or mLsal surface is a 
vertical furrow, corresponding to the posterior 
lacrimal crest on the lateral surface. The area in 
front of this furrow forms part of the middle m.oatus 
of the nose ; that behind it articulates with the 
ethmoidal bone, and completes some of the anteri^'^r 
ethmoidal’" air-cells. Of the four borders the 
anterior articulates with the frontal process of the 
maxilla ;• the. 'posterior with the lamina papyracca 
of the ethmoidal bone ; the superior w ith the 
frontal bone. The inferior is divided by 1 he lower edge of ihe posterior lacrimal 
crest into two parts : the posterior part articulates with the orbital plate of 
the maxilla ; the anterior is prolonged downwards as the descemling process. 
which articulates with the lacrimal process of the inferior r a&al concha and with 
the edges of the nasolacrimal groove on the maxilla, and assists in forming the 
canal for the nasolacrimal duct. 



Lacrimal part of 
Orbicularia oculi 


With inferior 
nasal concha 


Fkj. 316. — Articulation oi nasal ami lacrimal I 'ues with niaxilla. 



Ossification. — The lacrimal is ossified from a single centre, which appears about 
the twelfth week of foetal life in the membrane covering the cartilaginous nasal 
capsule. 


This Nasal Bones (Ossa Nasalia) 

The nasal- bones are tw^o small oblong bones, varying in size and form in 
different individuals ; they are placed side by side between the frontal processes 
of the maxillss, and form, by their junction, * tl; ^e of 316). 
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Each has surfaces and four borders. otUer smface (fig. 317) is concavo- 
convex from above downwards, convex from side to mde ; it is covered by t he 

and is perforated near 

for the transmission of a sm a ll vei n. The inner surface (fig. 318) is concave 
from side to side, and iT"Cra^fse2f"from above downwards by a OToove, the 
mkMS, for the passage of the anteijQ^^^^ file superior 

border, thick and seiTated, articulates witnttSenasal notch of the frontal bone. 
The inferior border is thin and notched, and gives attachment to the lateral 
cartilag.e..jof..the nose. The lateral border articulates* with the frontal pfoci^s 
oF the maxilla. The medial border, thicker above than below, articulates 
with its fellow of the opposite side, and is prolonged behind into a vertical 
crest wliich forms part of the septum of the nose : ^ y^c ^httes. from 

above downwards, wi th t|ie frontal s pine, the la mina py yp ^ndieul aris of the 
ethmoidal bone, and the cartilage of the sejitum of tEelnoso. 



Ossification. — Each bone is ossified from one centre, which appears at the 
l>eginning of the third month of fa»tal life in the membrane overlying the front 
part of the cartilagiifous nasal capsule. 


The Vomer 

The vomer is thin, somewhat quadrilateral in shape, and forms the hinder 
and lower part of the nasal septum (fig. 319) ; it has two surfaces and four 
borders. The surfaces (fig. 320) are marked by small furrows for blood-veaiBels, 
and on each is the mzsopalaline^ groove which runs obliquely downwards and 
forwards, and lodges the na sqpa latine ne^e and vessels. The superior border, 
th® thickest, presents a deep furrow, bounded on either side by a horiasontal 
projecting ala ; the furrow receives the rostrum of tfee splicupidal bone, and 
the alaguarticulate withjbhe s^Henoidal con^h^ the spheqoldal. the 

palatme feones and the va^al-,pEocessieii .of 

the 'Sphenoidal bone. The inferior border articulates with the isrest 

formed by the ma^tillgs and. pal?tJinQ bones. The arden&rJ^Sef is bbe longest ; 
its upper naif articulates witlvJijjo lapima the ethmoidal bone, 

its lower is gropyed foiJtbci:eqept:ipn of the mm o c, the 

Sejgtui^.pt the lipsp. The poateripr border is free, concave^ and Bepai;9ttefi.,the 
bho’a^br posterior nasal g/pertures ; it is tliick and bifid above, tbinbelow, The.. 
antetu^^eira of the vomer articulates wi|>h t hp 
crest of the maxillae and projects dQWhwai^ }}GifweovLWeM 

<^&cation . — At an early period the . septum of the nose consists of a '.plate 
of^ eaurtilage. The superior part of this cartilage is odsified to form , the i^miha 
perpendicularis of the ethmoid ; its antero-inferior portion persists as the caiidage, 
of the i^^ptUm, whilst the vomer is ossified in the membrane covering its pc^tefo- 
inferior part. About the eighth week pf foetal life two ossifio centr^, one bn father ' 
side, of the middle line, appear in this part of the membrane, mediid to and b tittle 
behind t^e paraseptal cartilages.. About the third month these ceUfrei^^WI^ be^Wyv 
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and thus a d^p groove is fbrmed (fig. 321) in which the cartilage of the septum 
ia lodged. As growth proceeds, the union of the bony lamellce extends upwards 
and forwards, aud at the same time the intervening plate of cartilage undergoes 


Fio. 319. — Modiati wall of left nasal cavity, showing vomor in situ. 



absorption. By the age of puberty the lamella) are almost completely united, 
but evidence of the bilaminar origin of the bone is seen in the everted al® of its 
upper border and the groove on its anterior border. Up to a certain stage the 
vomer is entirely derived from membrane, but ‘ it becomes added to by tne ossifica- 
tion of the hinder end of the anterior paraseptal c*artilage.”** Prom this part of the 


Fig. 320. — ^The vomer, 



ossified anterior paraseptal cartUage a plate of bone descends by the side of the 
primary part of the vomer, and fuses with it. The vomeronasal cartilage of Jacobson 
18 the persistent anterior paraseptfd cartilage.* 

, * Fawcett, Journal of 4n(Uotny md Physiology^ vol. rlv. 
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SUTURAL BONES (OSSA SUTUBARUM^ , 

In addition to the usual centres of ossification of the cranial bones, others may occur 
in the course of the sutures, giving rise to irregular, isolated, iutiiral or Wormian* bones. 
They occur most frequently in the course of the lanibdoidal suture, but are occasionally 
seen at the fonticuli, especially the posterior. One, the pterion ossicle ^ sometimes, exists 
between the sphenoidal angle of the parietal and the great wing of the sphi|in6id. They 
have a tendency to be more or less symmetrical on the two sides of the skull, and vary 
much in size. Their number is generally limited two or three ; but more than a 
hundred have been found in the skull of a hydrocephalic subject. 

Applied Anatomy . — An arrest in the ossifying process inay give rise to deficiencies, 
gaps, or fissures in the cranium, which are of importance from a medico-legal point of 
view, as they are liable to be mistaken for fractures. The fissures generally extend from 
the margins towards the centra of a bone, but the gaps may be found in the middle as well 
as at the edges. In course of time they may-become filled with thin lamines of bone. In 
many of these cases, however, the gaps must be regarded as dun to absorption of bonf‘ 
already formed rather than as congenital deficiencies; this is especially the case when 
they appear in the centre of a bone such as the parietal, the ossification of which has 
already been described as occurring in a regular manner radiating from two centres. 
The condition is most commonly seen in very badly nourished children affected with 
congenital .syphilis, and is called craniotabes. 


FACIAL BONES (OSSA FACIEI) 

Tiik MaxiLL^ii: 

The maxillae arc the largest bones of the face, excepting the mandible, and 
form, by their union, the whole of the uiipcr jaw. Each assists in completing 
the roof of the mouth, the floor and lateral wall of the nose, and the floor of the 
orbit ; they also enter into thv. formavion of the infratemporal and pterygo- 
palatine fossae, and the infenpr orl al and ptorygomaxillary fissures. 

Each bone consists of a bod’" a^iu our processes — zygomatic, frontal, 
alveolar, and palatine. ^ 

The body is somewhat pyrtamidal in shape, ft has four surfaces, — anterior, 
infratemporal, orbit. and uf \l — ^aod these enclose a large cavity, the 
maxillary sinus or antrum Uighmoie. 

The anterior surface (fig. 322) is directed forwards and latoralwards. On 
its lower part is a series of eminences (juga . alyeolaria) corresponding to the 
positions of the roots of the teeth. Just abov^^ those of the incisor teeth is a 
depression, the incisive fossa, which gives o^m to the I ^ress or fsepti ; to 
the alveolar border belotv the fossa a slip of "the OrftoulanS^isTs attached ; 
above and a little lateral to it, the NasaUs apsps. Xateiraf to the incisive 
fossa is a larger and deeper depression, the canine fossa ; it is separated from 
the incisive fossa by the canine eminence, which corresponds to the socket 
of the canine tooth ; the fossa gives origin to the Q^jponus. Above the^^nine 
fossa is the inframbital foramen, the en3of £Iio infraorbital canal ; it transmits 
the infraorbital vessels and nerve. Above the foramen is the margin of the 
orbit, which gives origin to the orbital head of the^Qnadratus labii sungejoris. 
Medially, the anterior surface is limited by a deep concavity, the ; 

the margin of the notch gives attachment to theDilatatq^arisj^steri and ends 
below in a pointed process, which with its fellow brtEe^p^Ste side forms the* 
arjferiqr nasal spine. 

The infratemporal surface (fig. 322) is convex, directed backwards and 
lateralwaiw, and forms part oi the infratemporal fossa. It is separa^ from 
the anterior surface by the zygomatic process and by a ridge vtifich extends 
upwards from the socket of the first molar tooth. It is pierced near its centre 
by the apertures two or three alvj^lar ^nals, whiej^ transmit the PSgtedor 
superior alv^lar yeqgete. and neinres.'"' Ipwer part of this sarf^els a 

rbundeci kiinihence,' the i mii^iU gry tuherositp. i^ch is rough for artjjBJol^p 
with the ^pyramidal process of We pS&fctW, it.|^ves ntiigui to aTfew 

.♦Ols Worm, PTcfewor of Auatomy at Copenhagen ww er^eodtly Supposed 

to ha the first l^taxlea description of these Doiies^ 5’ * V ' 
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fibres of the Pt^goid^s and in some i^snsm articulates with the 

> ;ater|^Lpjbci:2Sp|3]^M aphcnioidal bone. Immediately above this 

is a smooth sniface, which the anterior boimdary of the pterygopalatine 
fossa, and is groovi^ for the nerve ; this groove is directed lateral- 

wards and slightly upwards^ and is continuous with the infraorbital groove, on 
the orbital surface. 

The orbitai surface (fig. 322) is smooth and triangular, and forms the greater 
part of the floor of the orbit. Its medml border presents anteriorly a notch, 
the lacritngi,,^tis^tck 7 behind which it articulates, from before backwards with 
the lacrimal bone, the lamina papyracea of the ethmoidal bone, and the orbital 
process. ,.di tH^ p^atine bone. Its posterior border is smooth and rounded ; it 
forma the anterior margin of the inferior orbital fissure, and its central part 


Fig. 322. — T^eft ()ut<'i* surface. 



is notched by the commencement of the infraorbital groove. The anterior 
border forms a small part of the circumferencii of the base of the orbit, and is 
continuous medially with the frontal process, and laterally wth the zygomatic 
process. The infraorbital groove, for the passivge of the infraorbital vessels 
and njgrve, begins at the middle of the posterior border, where it is continuous 
.with^^e groove near . the upper edge of the infratemporal surface : it passes 
forwards and ends in the infraorbital canal, which opens just below the margin 
of the orbit. At the medial and front part of the orbital surface, just lateral 
to the lacrimal groove, is a depression, which gives origin to the Obliquus 

The surface (fig* 323) presents in its upper and posterior part a large, 
irregular opening leading into the maxillary sinus. At the upper border of this 
aperture a«re some broken air-cells, which, m the 'articulated skull, are closed 
by the ethmoidal and lacrimal bones. Below it is a smooth concavity which 
form^ part of the infeijm^jnofttus of the nasal cavity, and behind it is a rough 
surface for ariaoulatiqn.^lrith tJhq y^tic^l part of the palatine bone ; this surface 
is traversed by a groove, wliioh begins near the middle of the posterior border, 
runs obliquely down^rds and forwards, and ia converijod into the 
paUttiriS by the vertical part of the palatine bom and the pteiy|^oid 
j^cesTofl^ sphenoidal horte. In front of the opening of the maxilfar}^ sinus 

a deep groove, tSs su lf^ which is converted into the 

ami l)y oonoha-, ^ canal opens into 

th^mferior.meiiw df^^ nose and transmits the xxasolibriinal duet. More 
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^teriorly is an oblique ridge, the for articulation mth 

i^erior nasal concha. The shallow concavity b^ow this ridge forms part of 
the inferior meatus of the nose, and that above it part of the a teii^qi of th e 
meatus. ‘ 

^ The maxillary sinus or antrum of Hig^hmore is a large pyramidal cavity 
within the body of the maxilla : its apex, directed laterally, is formed by 
the zygomatic process ; its base, directed medially, by the latmlVall of the 
nose. Its walls are thin, and correspond to the nasal, orbital, anterior,, and 
^ratemporal surfaces of the body of the bone. Its ba^, or nasal wall, presents, 
in the disarticulated bone, a large, irreralar aperture Communicating with 
the novsal cavity. In the articulated skull this aperture is much r^uced in 
size by the following bones : the uncinate process of the ethmoidal above, the 


Fig. 323. — Left maxilla. Nasal surface. 

With frontal bone 



max^ary process of the inferior nasal concha below, the vortical part of the 
palatine behind, and a small part of the lacrimal above and in front (fig. 324). 
The sinus communicates with the middle meatus of the nose, genoraJUly by 
two small apertures, one of which is usually closed, in the recent state, by 
mucous membrane. Oii the posterior wall are iho alveolar canals, transmitting 
the postenpxsuperior alveolar vessels and nerves to.the molar ts^tb. The floor 
is formed by the alveolar process of the maxilla, and its lowest part is usually 
about 1*25 cm. below the level of the floor of the nasal cavity. In a large 
{s'oportion of cases radiating septa of varying sizes spring from the floor of the 
sinus in the intervals between adjacent teeth ; in some cases the floor is per* 
forated by the fangs of the molar teeth.* Thci mfraoKb^ 
prQjo£fcaij^.the.tt^ as a well-marked ridge extending from the roof to the 
anterior wall ; ridges, caused by the alveolar canals, are sometimes seen in t^ 
posterior wall. The size of the cavity varies in different skulls, and even on 
the two sides of the same skuU.f 

♦The nulkiber of teeth whose loots wo in irelation with the floor of the antrum Is variable.' 
The unuE may extend so as to be in relation to all the toeth^of the true .maxilla, from the oanise 
to the »U)lar.---(SaIter.) / 

! t Logan Tnrnee {op, ctf.) gives the following measurements as th^ ^ .an aveta^-sized 
Sinfus : vertio^ h%ht onpoaite first molar tooth, cm^i ; transverse bri^th, 2 $ em.; ; and 
onti^p(pterfaX df^h, , 
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Applud Am^y. —THie extreme thinness ol the walls of this cavity affords an explana- 
tion of the feet that a tumour growing from the maxillary sinus ami encroaching upon the 
adjacemt parts may push up the floor of the orbit, and displace the eyebaU; mav project 
into the n(Me ; may protrude for^rds on to the cheek; or may make its way bwLards 
into the infratemporal fossa,, or downwards into the mouth. 


The zygomatac priKesa is a rough triangular eminence, situated at the 
angle oi separation of the anterior, infratemporal, and orbital surfaces In 
front It forms part of the anterior surface of the body of the bone ; behind it is 
concave, and oontmuous with the infratemporal surface; above, it is roueh 
and rerrated for artici^tion vdth tee zjgqmatic bone; below, it presents tee 
promment arched border whicTi marks the division between the ^terior and 
infratemporal surfaces. 


i’lo. 324. — Left maxillnry sinus opened from the exterior. 
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rhe frontal process projects upwards and backwards between the nasal 
ana laonmai bones. Its lateral surface is smootby continuous below with the 
antenor surface of the body, and gives attachment to %.,angnlar head of the 

OrbiQulawa. pcnli, and the medial palpebral 
liganai^t. Its meduil surface forms part of the lateral wall of the nasal cavity • 
a roum, u^ven area, at its upper part, articulates with the, ethmoidal, bone 
and ant^or ethiuoidal.4ilells ; below this is an oblique ridge, the 

posterior. end- of wWoh aridoulatee with the miVMy »,«ii 
concha, while the anterior part is termed the qm^mai ; the crista ethmoidalis 
forms the up|)er of the atrium of the middle meatus. The upper extremihi 
artioula^, wite the fton^^bgne, and the atOerior border with the na^ bone ; 

• % border is tfii^, and hoHowed into a groove, which is continuouB 

below with tto sulcus kcnmalis on the nasal surface of tee body and posteriorlv. 
in the articulated skull, with the lacrimal groove on the lamrimal bone, the two 

S oovMfQrmin^teefamfnai,^»*(t4aft.t^^ <rhe 

bercJ maigm of the grow© is named the aiiltmr.,l(¥»i)nal prest, and is con- 
tipuo^ below With the otbitel margin ; at its junction with the orbital fnirface 
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is a small tubercle, the which serves, in the living subject, as a 

guide to the position of the lacrimal sac. 

The alveolar process, thick and arched, is broader behind than in front, 
and excavated into cavities or alveoli for the reception of the roots of the teeth. 
These cavities are eight in number, and vary in size and depth according to the 
teeth they contain. That for the canine tooth is the deepest ; those for the 
molars are the widest, and are subdivided into three minor cavities by septa ; 
those for the incisors are single, but deep and narrow. The Buocinatojj^^^trises 
from the outer surface of this process, as far forward as the first molar tooth. 
When the maxillje are articulated with each other, their alveolar processes 
together form the al v e o lar (irch. 


FjCr. 325. — The palate and alveolar arch. 
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The palatine process, thick and strong, is horizontal and projects medial- 
wards from the nasal surface of the bone. It forms a considerable part of the 
floor of the nose and the roof of the mouth, and is much thicker in front than 
behind. Its inferior surface (fig. 326), concave, rough and uneven, forms, 
with the palatine process of the opposite bone, Ihe anteijoc tbre&sfourths 
the hard palate. It is perforated by numerous for^^in^ for the passage of 
the n utrient vessels, and presents depreo^ps fpr the lodgment of the p ^ati ne 
glands ; it is channelled at the post^or part of its lateral Imrder by t^-grpoves, 
for the transmission oHhe descending palatme vessels, an4,tl;Le.a<ntf^o>^ 
neiye. When the t^ maxiUie are articulated, a funnel-shaped (inning, the 
t yat Bg./ommew. is seen in the middle line, imme^ately behind the incisor t^th. 
In opening the orifices of two lateral canals are visible ; they are named 
theT indi eive co mah OTJoramim ofStejuen ; each leads upward^ into ilie coi^- 
spoiling nassj'cavity and transmits j3ia.lien®jngi blanch of the greater 

j nasopalatine nerve. Occasioiially ther^ are two additicnc^ 

api^hi^ in the middle line ; they are termed we fcmmmhj:^Seaxiia$ and 
whan iH?e8eat transmit the nasopawtine .wrs^i laft pasting through the 
'anterio^ and the right through the posterior foramen. On the under surface 
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of the palatine process, a delicate suture, well seen in young skulls, may some- 
times be noticed extending latcralwards and forwards from the incisive foramen 
to the interval between the lateral incisor and the canine teeth. The small 
part in front of this suture constitutes the prjemaxiUa pT os incisimm, which 
in most vertebrates forms an independent bone ; it includes the whole thickness 
of the alveolus, the corresponding part of the floor of the nose and the anterior 
nasal spine, and contains the sockets of the incisor teeth. The upper surface 
of the palatine process is concave from side to side, smooth, and forms the 
greater part of the floor of the nasal cavity ; close to its medial margin is 
the upper orifice of the incisive canal. The lateral border of the process is fused 
with the rest of the bone. The medial border, thicker in front than behind, is 


Fig, 326. — Anterior surface of 
maxilla at birth. 


Fig, 327. — Inferior surface of 
maxilla at birth. 




Fig. 328. — Nasal surface of maxilla ;»( birth. 



Palatine j)roccss 


raised into a ridge, the nQsaljQi^, which, with • he corresponding ridge of the 
opposite bone, forms a groove for the reception of the vomer. The front 
part of this ridge rises to a considerable height, and is named the ittcisor 
crest i it is prolonged forwards into a sharp process, which, together with the 
similar process of the opposite bone, foiins the anterior nasal spine. The pos- 
terior border is serrated for articulation with the horizontal part of the palatine 
bone. 

Ossification, — The maxilla. is mainly devf loped in membrane. Mall* and 
Fawcett t have shown that it is ossified from two centres, one for the maxilla proper 
and one for the premaxilla. These centres appear at the end of the sixth we^k of 
foetal life, that for the uiaxUhi proper commencing above the canine tooth-germ ; 
they unite at the end of the second or early in the third month, but the suture 
between them (fig. 327) persists on the palate until nearly middle life ; the frontal 
process of the bone is developed from both centres. The ossifying maxilla invades 
and incorporates the paranasal process of the cartilaginous nasal capsule, and this 
may account for the small islands of cartilage which are sometimes found in the 
ossifying maxilla. The maxillary sinus appears as a shallow groove (fig. 328) on 
the nasal surface of the bone about the fourth month of festal life, but does not reach 
its full size until after the second dentition. The infraorbital vessels and nerve 

♦ Amen'caa Journal of Anatomy, vol. v, 1900. 

Journal of Anatomy and Physiology, vol. xlv, 1911, 
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lie for a time in an open groove, the anterior part of which is converted into the 
infraorbital canal by a lamina of bone which grows from the lateral side of the 
groove. 


Changes produced in th^ Maxilla by Age. 

At birth the transverse and anteroposterior diameters of the bone arc each ^eater 
than the vertical. The frontal process is weD-marked and the body of the bone consists of 
little more than the alveolar pn^eaa, the tooth-sockets reaching almost t<3 the floor of the 
orbit. The maxillary sinus appears as a furrow on the lateral wall of the nose. In the 
adult the vertical diameter is the greatest, owing to the development of the alveolar pro- 
cess and the increase in size of the sinus. In old age, the bone reverts in some measure to 
the infantile condition : its height is diminished, and after the loss of the teeth the alveplar 
process is absorbed, and the lower part of the bone contracted and reduced in thickness. 


The Palatine Bones (Ossa Palatina) 

The palatine bones are situated at the posterior part of the nasal cavity 
between the maxillm and the pterygoid processes of the sphenoidal bone (fig. 329) . 
Each assists in forminj^ the floor and lateral wall of the nasal cavity, the roof 
of the , mouth, and tfie floor of the orbit ; it enters into the formaticn. of the 


Fig. 320 . — Articulation of left palatine bone and left maxilla. 



pterygopalatine and. pterygoid fossaj..and the ipierior pjpbital.fiaswc. It some- 
what resembles the letter L, and consists of a horizdiital and a vertical part, and 
three outstanding processes — viz. the pyramidaL-fffooess, which is directed 
backwards, lateralwards, and downwards, from the junction of the two parts, 
and the orbjjtifidjwd»^h^ processes, which surmount the vertical part, 
and are separated by a deep notch, the sphenopa latjne jXQfadi* ^ 

The horizontal part (figs. 330, 33f)ls qua&Uateral, and has two surfaces 
and four borders. The Tiasal surjface, concave from side to side, forms the 
pc^terior part of the floor nasal cavity. The m Uit^ne mrface forms, 

wijih the corresponding surface of the opposite bone, the post^o^ of 
the :h^]^ p^te ; near its posterior margin is posterior 

border h thin and concave ; to it and to the paktine sutl^ as far forwards 
as^fcte oprv^ ridm j^t deuenbed the ejpan<kd 

P^^^.Ji«ftMiaohed. Its medial end is thin and pqmiM, and, when muted, ^ 
that of the opposite bone, forms a projecting {a^)0•88, tito pfMtertof wafa ! 
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»pin£, for the attachment of the The anterior border is serrated, 

and articulates mth the palatine process of the maxilla. The Jaterod border is 
united with the lower margin of the vertical part, and is gro oved by the lower 


Fiu, SSO. — Li'ft palatine bone. Nasal aspect. (Enlarged.) 
^'Sphenopalatine notch \ m Orbital process 
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Fig. 331. 


— Jjeft palati..:.. bone, 
aspect. (Marged.) 


Posterior 


canal. The medial border, thick and serrated, 
articulates with the corresponding border of the opposite bone, and forms 
with it a c^t which articulates with the posterior part of the lower edge 
of the. vomer, and is continuous anteriorly with, the nasal crest of the 
maxillsB. 

The vertical part (figs. 330, 331), thin and of an oblong form, has two 
surfaces and four borders. 

The m^al mrface exhibits at itb 
lower part a broad, shallow depression 
which forms part^qf the inferior meatus 
gavity. Immediately above 
this is a horizontal ridge, the jMcista 
coiydiaMs, for articulation witbu, the 
inferior naaal concha ; still higher is a 
second broad, shallow depression, 
which forms part of the middle i|;ieatus, 
and i.s limiteir'ahbve'nby 
et hmoidaliB , for articulation wdth the 
midi^ Hasal ,cqpcha. Above the crista 
ethmoidalis is a narrow, horizontal 
groove, which forms p^t^yL* thafinperior 

is rough and 

irregular throughout the greater i)art 
of its extent, for articulation with, the 

5 its Xipper 

and posterior pjm is smooth and forms 

tile mediajLaattjQLtte!.jto^ 

fqssa ; its front portion is also smooth 
aai3’fona9..Ae„.p!fi^^ the 

t^^^ sinus. ^ 

On the posterior part d the maxillary surface is' a deep vertical groove, me 
iituR SutoMs. which in the articulated skull is converted into the 
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The anterior border is thin and irregular ; at the level of the crista concfaalis 
is a pointed, projecting lamina, the which is directed forwarfs 

below and behind the maxillary process of the inferior nasal conoha with which 
it articulates, and assists in forming the medial wall, of the maxUlary sinus. 
The jyosterior border (fig. 331) presents a deep groove, the edges of which art* 
serrated for articulation with the mecMal pterygpjid lamina of the .sphenaidal 
bone. This border is continuous above with the sphenoidal process ; belo\\% 
it expands into the pyramidal process. The superior border supports the 
orbital process in front and the sphenoidal process behind. These processes 
are separated by the sphenopalatine notch^ which is converted into the sphmo 
palaiine foramen by the under surface of - the body of the sphenoidal bone. 
In the articulated skull this foramen leads from the pterygopalatine .fossa into 
the posterior part of the superior meatus of the nose, and transmits the spheno- 
palatino vessels and the posterior superior nasal nerves. The inferior border 
is fused with the lateral edge of the horizontal part, and in front of the pyramidal 
process is grooved by the lower end of the pterygopalatine canal. 

The pyramidal process (tuberosity) projects backwards, lateralwards, and 
downwards from the junction of the horizontal and vertical parts of the bone, 
and fits into the angular interval between the lower ends of the pterygoid 
laminae. On its posterior surface is a smooth, grooved, triangular area, limited 
on either side by a rough articular furrow. The furrows articulate mth the 
pterygoid laminas, while the grooved triangular area completes the lower part 
of the pterygoid fossa and gives origin to a few fibres of the Pterygoi^us 
ink^rniis. The anterior part of the lateral surface is rough for articulation with 
tlie maxillary tuberosity ; its posterior ^.art consists of a smooth triangular area 
which appears, in the articulated skull, at the lower part of the infratemporal 
fossa between the maxillary tuberosity and the lateral pterygoid lamina. In 
the base of the pjTamidal process, close to its union with the horizontal part.. 
are the lessicr .palatine foramina for the transmission of the middle and»posterior 
palatine nerves. 

The orbital process is directed upwards and lateralwards from the front 
of the vertical part, to which i^ is joined by a constricted neck. It encloses 
an air-ccll, and presents fi yg JJU*^apes, of which three^ aye articular and two 
non-articular. The articular surfaces are: (1) the anterior. or maxillary ^ of 
an oblong form, is directed forwards, lateralwards, and downwards, and arti- 
culates with the maxilla ; (2) the posterior or sphenoidal, directed backwards, 
upwards, and medialwards, presents the opening of the air-ccll, which usually 
communicates with the sphenoidal sinus ; the margins of the opening adi;ticnlate 
witljL the sph^noi^al con(^ ; (3) the medial ox ^Omoidal, directed medialwards 
and Jbrwards, articulates with the labyrinth of the ethmoidal bone. In some 
cases, the air-cell opens on this surface and then communicates with the posterior 
ethmoidal cells ; more rarely it opens on the ethmoidal and sphenoidal surfaces, 
and then communicates with the posterior ethmoidal cells and the sphenoidal 
sinus. The non-articular surfaces are : (1) the si^peTiar^ at^Qxhitah triangular 
in shape, is directed upwards and lateralwards, and forms the postesrico: pact of 
the floor of the orbit ; and (2) the lateral, of an oblong form, is directed towards 
the pterygopalatine fossa, and is separated from the orbital surface by a rounded 
border, which enters into the formation of the medial part of the inferior orbital 
fissure ; on this suiiace is a transverae^graoyo which lodgea the' maxiUary 
n^rye and is continuous with the groove oh the upper part of the infratemporal 
suHace of the maxilla. 

The sphenoidal process is a thin, compressed plate, smaller and on a lower 
level than the orbital process ; it is directed upwards and medialwards. Its 
supenor surf ace articulates with the under surface of the sphenoidal eonoha and 
the root of the medial pterygoid lamina ; it presents ajjpcooim whichxo ntri h ute s 
to,, thje formation of the pharyngeal canal. The infer^&Aml surface is concave, 
and^ foms a small part^of the roof and lateral w^alf of the nasal cavity. The 
pc^terior part of the latcral mrface articulates with the medial pterygoid lamina ; 
the anterior part is smooth, and forms a portion of the medial wall of the 
pterygopalatine fossa. The posterior border is rough and articulates with. the 
vaj^i^al process of the medial . pf^gmd lamina. The anterior border forms 
th0 j^sterior boundary of the sphenopalatine notch. The 
ar^em'^tes with the ala of the voifier.. 
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The orbital and Bplienoidal processes are separated from one another by 
the sphenopalatine notch which is converted into the sphenopalatine foramen 
by the under surface of the body of the sphenoidal bone ; sometimes the two 
processes are united by a spicule of bone which then completes the upper 
boundary of the foramen. 

Ossification. — The palatine bone is ossified in membrane from a single centre, 
which makes its appearance in the eighth week of foetal lif(5 in the vertical part at 
the side of the nasal cavity. From this point ossification spreads upwards into the 
orbital and sphenoidal processes, medialwards into the horizontal part, and down- 
wards into the p 3 nramidal process. 

At the time of birth the height of the vertical part is about equal to the transverse 
width of the horizontal part, whereas in the adult it measures nearly twice as niucli. 


The Zygomatic Bones (Ossa Zygomatic a) 

The zygomatic or malar bones arc situated at the upper and lateral parts 
of the face. Each forms the prominence of the cheek, part of the lateral wall 
and floor of the orbit, and parts of the temporal and infratemporal fossos 


Fig. 032.- -Loft i*^\goniaLo bout' in siiu. 



(fig. 332) ; it is quadrangular in shape and has two surfaces, four holders, and 
four processes. 

The wgjqr a^rfa ce (figs. 332, 333) is convex and is perforated near its orbital 
border by the zygotnaticojocidl foraftien for the passage of the zy^maticpfacial 
p erv e and jpssels ; feelow this foramen is a slight elevation, w^hicli gives origin 
to the Zygomatlcus. The temporal mrface (fig. 334), directed downwards dnd 
medialwaSfeT IS concave, presenting anteriorly a rough, triangular area, for 
articulation with the maxilla, and posteriorly a smooth, concave surface, the 
uppci* of; which forms the anterior boundary of the temporal fossa, the 

J(wer, a part of the infratemppral fossa. Near the middle of this surface is the 
zyg(yhm ti66i&l^ lor the transmission of the zygomaticoteinporgirl 

nerver"" 

The anterosuperior or orbjial border is smooth, concave, and forms a con-' 
siderable part of the circumference of the base of the orbit. The anteroinferior 
or maxillary border is rough, and articulates with the maxUla ; near the orbital 
margin itl^ves ori^jia.tha.!Syg 9 ,|n,atic head of the Qi^atus labU 
The posterosuperior or tmp^al border, curved hke an italic letter /, is con- 
tinuous above with the commehccinent of the temporal line, and below with 
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the upper border of the zygomatic arch ; the is attached to it. 

The posteroinferior or zygomatic border aifords attachment by its rough edge 
to the IVIassete r 

The frontosphenoidal process is thick and serrated, ^nd articulates with 
the zygomatic process of the frontal bone. On its orbital surface, just uithin 
the orbital margin and about 11 mm. below the zygomaticofrontal suture is 
a tubercle of varying size and form, but present in 95 per cent, of skulls, (jQui- 
The orbital process is a thick, strong plate, projecting backwards 
ana medialwards from the orbital margin. Its orbital surf ace forms, by its 
junction with the orbital surface of the maxilla. .aAd y|ji$h!;.the ^reat wing of 
tlmsphenoidarbone, part of the floor and lateral waU of iloe orbit. On it are 
usually seen the orifices of two canals, the zj wofmt icQ-orbitalloram ^^ ; fipe of 
these canals opens .iutO-,the of 

the bone ; the form(^j^j:pji§mU^-thejiiygQn^ the latter the^gygpj- 

mgttieofafiial nerve. Its temporal surface, smooth and convex, forms parts of 


Fig. 333. — Left zygomatic bone. 
Malar surf .ace. 


Fig, 334. — Loft zygomatic bone. 
Temporal surface. 



the temporal and infratemporal fossae. Its anterior margin, smooth and 
rounded, is part of the circumference of the base of the orbit. Its superior 
margin, rough, and directed horizontally, articulates with the frontal bone 
behind the zygonftitic process. Its posterior margin is serrated for articulation 
with the great wing of the sphenoidal bone and the orbital surface of the maxilla. 

jjjaptipn of the S2henpidal^.auji,.m^^ ft short, 

concave, non; 3 rticular part is generally seen ; this fornis the anj grio r boundary 
of the inferior orbital fissuje ; this non-articular part is sometimes absent, and 
£Bb fissure is then completed by the junction of the maxilla and the sphenoidal 
bone, or by the interj^sition of a small sutural bone in the angular mterval 
between them. The infraorbital process is pointed and articulates with 
the maxilla, just above the infraorbital foramen. The temporal process is 
directed backwards and ends in ah oblique serrated margin which articulates 
with the zygomatic process of the temporal. 

()insiifloatlon.--The zygomatic bone is ossified from one centre which appears 
about the eighth week of foetal life below the zygomatic (temporomalar) nerve. 
The hone is sometimes divided by a horizontal suture into an upper larger, and a lower 
'smaller division. In some quadnimana the zygomatic bone consists cl two parts, 
sin orbital and a malar, » . 

’S''. 

^ of Anatomy and Physiology, vol. xlv.— The structujreil attached to this tubercle 

(i) Ihe check ligament of the Keotus lateraljlii; (2) the lateral end of the apdiieurosis of 
^thr» Levator palpehrm soperioris ; (3) the, snspenlo^ li^meutrcf the eye (Lockwood) r and 
' j[4) ^:liKfcera1 extremities of the superior and Imerior tarsi. 
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The Mandible (Mandibula) 

The mandiblei the largest and strongest bone of the face, consists of a 
eurved, hoiizontal portion, the ho^y ^ from the ends of which two perpendicular 
portions, the xmh project upwards. 

l^c body is curved somewhat like a horseshoe, and has two surfaces and 
two borders. The eternal surface (fig. 335) is marked in the upper part of the 
median line by a faint ridge, indicating the s ymphysis or junction of the two 
pieces of which the bone is composed at an early period of life. This ridge 
^vides below and encloses a triangular eminence, the jnental protubermci^j 
the base of which is depressed in the centre but raised on either side to form the 
On either side of the ridge, just below the incisor teeth, is the 
which gives or ^in t o the and to a small portion of 

tSe Orjai cula yi^. joiris. Below the second premolar tooth, on either side, midway 

Fig. 335. — Mandible. External surface. Side view. 
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between the upper and lower borders of the body, is the mga/al! farwmn, for 
the of the m ental, yeflada-and-na ye- inning backwards and upwards 
from eacITmentat tubercle is a faint ridge, the- jMiguie .line, which is continuous 
with the anterior border of the ramus ; it affords attachment to the Quadcatus 
laikinfcadoris and Triangularis ; the glAtysma is attached below it. 

The internal surface (fig. 336) is concave from .side to side. Near the lower 
part of the symphysis is a pair of laterally placed .spines, termed the mental 
sfines , which give o rigin to the Qenjpglqggi. Imm^iately below these is a 
secora pair of spines, or more frequently a median ridge or impression for the 
origtj^ of the some cases the mental spines are fused to form 

a sin^e eminence ; in others they are absent, and their position is indicated 
merdy by an irregularity of the surface. Above the mental spines a median 
foramen and furrow are sometimes present ; they mark the line of union of the 
halves of the hone. Below the mental spines, on either side of the middle line, 
is an oval depression, the for the attachment of the aidfirisg 

belly of ri^e Diga strioug. Ti(vr.<»nding upwards and backwards on either side from 
the iwerpartOT tife gymphysis to a point behind the last molar tooth is the 
which gives ori gin to the Mylo hyoideus ; the posterior part’ 
near the areolar margin, gives attominehi to a small part of the 
and to the p^qji.<TOandihjda«,J»^^ 

the anterior paH m this line is a smooth triangular area against which the 
and below the posterior part, an oval fossa for the 
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The alveolar ^rt or upper portion of the body ia hollowed into sixteen 
cavities or alveoli, for the reception of the teeth ; these cavities vary in depth 
and size, and arc single or subdivided by septa, aocording to the teeth which 
they contain. From the lateral surface of the alveolar part, on either side, 
the Bjuiccuiator takes oi:igin as far forwards as the first molar tooth. The inferior 
bonier or base of the mandible is rounded, and is thicker in front than behind : 
at the point where it joins the lower border of the ramus a shallow groove, 
fQiuthe. external maxillary artery, may be present. 

The ramus is quadrilateral in shape, and has two surfaces, four borders, 
and two processes. The lateral surface (fig. 335) is flat and marked by oblique 
ridges at its lower part ; it gives attachment throughout nearly the whole of 
its extent to the Masseter. The medial surface (fig. 336) presents about its 
centre the rmjfidibular foramen, which transmits the inferior alyeqlar^y^ssels 
and nerve. The foramen is overlapped in front by a triangular" process, tJie 
Urigula mandibulce, to the margins of w^hich the sphenomandibular ligamcrit 


Fio. 330. — Mandible. Internal surface. Side view. 



is attached ; behind the lingula Is a notch from which the WiUlQ^yoid .groove 
or stdeus runs obliquely downw^ards and forwards, and lodges the m^ohyoid 
vessels and nerve. Behind this groove is a rough surface, for the insertion 
of the Pterygoideus internus. Into the anterosuperior part of the medial 
surface a part of the Temporalis is inserted. The mandibular canal runs from 
the mandibular foramen oBliquely downwards and forwards in the ramus, and 
then horizontally forwards in the body, where it is placed under the alveoli 
and communicates with them by small openings. It contains the inferior 
alveolar vessels and nerve, from which branches enter the roots of the teeth. 
Between the roots of the first and second jiremolar teeth the mandibular canal 
divides into the mental and incisive canals ; the mental canal runs upwards, 
backwards and lateralwards and ends at the mental foramen ; the incisive canal 
is continued forward below the incisor teeth. The lower border of the ramus 
is thick, straight, and continuous with the inferior border of the body of ^ the 
bone. At its junction with the posterior border is the qn gfe of the ma ni^ falei 
which may be either inverted or everted, and is marked by rou^Sr o^BKque ndges 
on each side, for the insertion of the Masseter laterally, and the Pterygoideus 
intemtfe medially ; the stjjdomandifeulQ^. Ji^^ is attached to ther^ angle, 
between these muscles. The anterior Wderis thin above, thicker below, and 
continuous with the oblique line. The vb sUrior po rder ip thick, smooth, rounded, . 
and covered by the parotid gland. The upper border is thin, and id surmounted | 
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by two proresses, the m front and tlie (i^Xl^yloid behind, separated by a 

deep concavity, the n^nMkvk^ Mich, which transmits the m^jaseteiic jncrve 

The coronoid process is a thin, triangular eminence, which is flattened 
from side to side. Its anterior border is convex and is continuous below with 
the anterior border of the ramus ; its 'posterior border is concave and forms 
the anterior boundary of the mandibular notch. Its lateral surface is smooth, 
and affords insertion to the Masseter and Temporalis. Its medial surface 
gives insertion to the Temporalis, 
and presents a ridge which begins 
near the apex of the process and 
runs downwards and forwards 
to the inner side of the last 
molar tooth. Between this ridge 
and the anterior border is a 
grooved triangular area, the upper 
part of which gives attachment 
to the Temporalis, the lower 
part to some fibres of the Bucci- 
nator. , 

The condyloid process is 
thicker than the coronoid, and 
consists of two portions : the condyle, and the constricted neck which supx)orts 
it. The condyle articulates with the articular disc of the temporomandibular, 
joint ; it is convex fiom before backw'ards and from side to side, and its articular 
surface extends lower on the posterior ihan on the anterio^ surface, ^he long 
ajys of the condyle is direrjted medialwards and -lightly backwards, and if 
prolonged to the middle line would meet that oi the opposite condyle near the 
anteripr, .the .foramen magnum. At the lateral extremity of the 

condyle is a small tubercle for the attachment ot the temporomandibular 
ligament. The neck is flattened froj.‘ before b !v vard , aiid' strengthened by 
ridges which descend from the fiont and sides of ^he condyle. Its posterior 
surface is convex ; on its anterior surface is a do])rcssion, the pierygQid fovea, 
for the attachment of the Pterygoiden- jxtemuau 

Ossification. — The mandible is ossified in the fibrous memoraae covering the 
outer surfaces of MeckeUs cartilages. These two cartilages, a right and a left, 
form the cartilaginous bar of the mandibular arch (see p. 77). Their proximal or 
cranial ends arc connected with the cartilaginous ear-capsules, and their distal 
(•xtremities are joined to one another at the symphysis by mesodermal tissue. They 

run forw'ards immediately 
below the mandibular con- 
dyles and then, bending down- 
wards, lie in a groove near 
the lower border of the bone ; 
in front of the canine tooth 
they incline upwards to the 
symphysis. From the proxi- 
mal end of each cartilage tbe 
malleus and incus, two of the 
three bones of the middle 
ear, are developed ; the next 
succeeding portion, as far as 
the lingula of the mandible, 
is replaced by fibrous tissue, which forms the sphenomandibular ligament. Between 
the lingula and the canine tooth the cartilage disappears, whilst the portion of it 
below and behind the incisor teeth is ossified and incorporated with this part of 
the mandible. . > 

Ossification takes place in the membrane covering the outer surfaces of Meckel’s 
cartilages (figs. 337 to 340), and each half of the bone is formed from a single centre 
which appears, near the mental foramen, about the sixth week of fcetal life. By 

* Low, Proceedings of the Anatomical and Anihropotogical Society of the University of Aberdem, 
1905, and Journal of Anatomy and Physiology, vol. xliv., and Fawcett, Journal of the American 
Medical Associatim, September 2, 1005, 
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Fig. 337. — Mandible of luimau embryo 
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the tenth week the portion of Meckel’s cartilage which lies below and behind the 
incisor teeth is surrounded and invaded by the membrane-bone. Somewhat later, 
accessory pieces of cartilage make their appearance — viz. a wedge-shaped piece in 
the condyloid process and extending downwards through the ramus ; a small patch 
along the anterior border of the coronoid process ; and smaller nodules in the front 
part of both alveolar walls and along the front of the lower border of the bone. 
These accessory nodules of cartilage possess no separate ossific centres, but are 
invaded by the surrounding membrane-bone and undergo absorption. The inner 

Fig. 339. — Mutidiblo of hiunau embryo 95 mm. long. Outer aspect. 

(Nuclei of cartilage stippled.) (From model by Low.) 


Mandibular nerve 



Fig. 340. — Mandible of human embryo 95 inrii. long. Inner aspect. 
(Nuclei of cartilage stippled.) (Froiu model by Low.) 
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alveolar border, formerly described as arising from a separate splenial centre, is 
formed in the human mandible by an ingrowth from the main mass of the bone. 
At birth the bone consists of two parts, united by a fibrous symphysis, in which 
ossification takes place during the first year. 


Changes produced in the Mandibi-k by .\ge. 

At birth (fig. 341) the body of the bone is a more shell, containing on either side the 
sockets of the deciduous teeth, imperfectly partitioned off from one another. The 
mandibular canal runs near the lower border of the bone, and the mental foramen opens 
beneath the socket of the first deciduous molar tooth. The angle is obtuse (175®), and the 
condyloid portion is nearly in line with the body. The. coronoid process is relatively 
large, and projects above the level of the condyle. 

After birth (fig. 342) the two segments of the bone become joined at the symphysis, 
froTD below upwards, in the first year; but a trace of separation may be visible in the 
beginning of the second year, near the alveolar margin. The body elongates, but more 
especially; behind the mental foramen, to provide space for the three addi^onal teeth 
developed* in this part. Tlie depth of the body increases by growth of the t^lveolar part 
of tho^hdne, to afford room for the roots of the teeth, and by thickening pf the sub- 
aUecliir pQ]^bn« After the second dentition, the mandibular canal is situa^d just above 
the ^ the mylohyoid line, and the mental foramen occupies the position usual to it 
in the a^le, By the fourth year the angle is risducod to about 14(y*. 
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SiDB View of the Mandible at Different Periods of Life 


Fio. 341. — At birth. 




Fio. 342. — In childhood. 





240 


OSTEOLOGY 


In the adult (fig. 343) the alveolar aud siibulveolar portions of the body are of about 
rqual depth. The mental foramen opens midway between the upper and lower borders of 
the bone, and the mandibular canal runs nearly parallel with the mylohyoid line. The 
ramus is almost vertical in direction, the angle measuring from 110® to 120®. 

In old age (fig. 344) the bone is reduced in size* for 'with the loss of the toeth the 
alveolar process is absorbed, aud, consequently, the maQdibular canal and the mental 
foramen are close to the alveolar border. Tlio ramus is oblique in direction, the angle 
measures about 140®, and the neck of the condyle is more or less bent backwards. 


The Hyoid Bone (Os Hyoideum) 

The hyoid bone (fig. 345) is shaped like a horseshoe, and is suspended from 
the tips of the styloid processes of the temporal bones by the. stylohyoid hga-*^ 
meats. It consists of a body, two greater and two lesser cornua. 

The body or central part is of a quadrilateral form. Its anterior surface is 
convex and directed forwards and upwards. It is crossed in its upper lialf 
by a well-marked transverse ridge with a slight downward convexity, and in ’ 
many cases a vertical median ridge divides it into lateral halves. The pc^rtion 


Fig. 345. — TIvoid bone. Anterior surface. (Enlarged.) 
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of the vertical ridge above the transverse lino is present in a majority of speci- 
mens, but the portion below the transverse line is evident only in rare cases. 
The anterior surftK*e gives insertion, to the Gepiohypideu^ in the greater part 
of its extent both above and below thi^e transverse ridge ; a portion of the Origin 
of the Hyoglossus notches the lateral margin of the Geniohyoideus attachment. 
Below the transverse ridge the j^lohypideus, Stemohyoideus, and Omo- 
hyoideus are inserted. The 'posterior surface is smooth, concave, directed 
backwards and downwards, and separat^ from the epiglottis by the hypthy- 
reoid membrane and a quantity of looise areolar tissue ; a bursa intervenes 
between it and the membrane. The superior border is rounded, and gives 
attachment to the hyothy.reQid,jneynbrane and some aponciuxtfin 01 . the 
Geni^lpssus. The inferior border affords i nserti on medially to the Stmio- 
hyqidcus and laterally to the Omphypideus and occasionally a portion of the 
TlUasgpitf It also gives attachment to the 

when this muscle is present. In early life the lateral borders of the body are 
connected to the greater cornua by synchondroses ; after middle life usually 
by bony union. 

The greater cornua project backwards ^rom the lateral borders of the 
body ; &ey are flattened from above downwards and diminish in size from 
before baokwards ; each ends jn a tubercle to which the latg ffll ly o| ihyrepid 
ligaxapnt Is fixed. The upper surface is rough close to its Uterafborder, for 
muscular attachments : the largest of these are the ori^s of the B ^yoflossu s 
and C^trictor phwyngie^iSjg^ which extend along the whole length of the 
esPinu'; the Ihgaatj^^^ have small insertions in front of 
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these near the junction of the body with the comu. To the medial border 
the hyothyreoid membrane is attached, while the anterior half of the lateral 
border gives insertion to the Thyreohyoideus. 

The lesser cornua are two small, conical eminences, attached by their 
bases to the angles of junction between the body ai^d greater cornua. They 
are connected to the body of the bone b v fib rous .tji§«,ue and occasionally to 
the greaC^cOTJ^jqa My ^diadihrodiaLjo^ which usually persist throughout 
life, but occasionally become ankylosed. 

The leaser cornua are situated m the line of the transverse ridge on the body 
and appear to be morphological continuations of it (Parsons *). The apex of 
each cornu gives attachment to the stjdohyoid ligament f ; the Chondrpglossus 
ri gps from the medial side of the base. 

Ossification,— The hyoid bone is developed from the cartilages of the second 
and third branchial or visceral arches — the lesser cornua from the second arch, 
the greater cornua from the third, and the body from the fused ventral ends of 
both (page 78). It is ossified from six centres : two for the body, and one for 
each cornu. Ossification commences in the greater cornua towards the end of 
foetal life, in the body before or shortly after birtlt, and in the lesser cornua during 
the first or second year, or later. 


EXTERIOR OF THE SKULL 

The skull as a whole may be viewed from above (no mi verticalis), from 
below (norma basalis), from the side (norma lateralis), from behind (norma 
ot'oipitalis), or from the front (norma frontalis' 


Noema Vjbrtioaio' 

s 

When viewed from above, the outline of the .i-l vaiios njoat ; - different 

specimens ; in some it is more or less oval, in others more m ?«rJy circul:i \ The 
surface is traversed by three sutures, Ihe coronal nearly trauLverse 

in direction, between the frontal and parietal ( ;s ; (2) tJic sagittal, mediady 
placed, between the parietal bones, and deeply seriated m 'ts anterior two*tl :rds : 
and (3) the upper part of the lambdoidal, between the panotals and the occipital, 
The point of junction of the sa^ttal and coronal sutures is named the bregma, 
that of the sagittal and lambdoidal sutures, the lambda ; they indicate respec- 
tively the positions of the anterior and posterior fonticuli in the foetal skuU. 
On either side of the sagittal suture are lh»i pai etal tuberosity or eminence and 
the parietal foramen — ^thc latter, however, is frequently absent on one or both 
sides. The skull is often somewhat flattened in the neighbourhood of the 
parietal foramina, and the term obelion is applied to that point of the sagittal 
suture which is on a level with tlie T<^amma. At the front is the glabella ; 
lateral to it are the superciliary arches, and above these the frontal tuberosities 
or eminences. Immediately above the glabella the remains of the frontal 
suture may be seen ; in about 9 j)er cent, of skulls this suture persists and 
extends along the middle line to the bregma. Passing backwards and upwards 
from the zygomatic processes of the frontal bone are the temporal lines, which 
mark* the upper limits of the temporal fosses. The zygomatic arches may or 
may not be seen projecting beyond the anterior portions of these lines. 

Nobma Basalis (Basis Cbanii Extbena) (fig. 346) 

The inferior surface of the base of the skull, exclusive of the mandible, is 
bounded in front by the incisor teeth in the maxiUac ; behind, by the superior 
nuchal lines of the occipital bone ; and laterally by the alveolar arch, the lower 
border of the zygomatic bone, the zygomatic arch and an imaginary line 

* The topoMphy and morphology of the human hyoid bone, b>* F. G. Parsons, Jo^imal 
oj Anatovy/ am i%y$ioU^y, vol. yliit 

t These ligoJdaeats mhy uufletgo partial ossification. 
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Fio. : 3 - 16 .— Base of skull. Inferior surface. 
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drawn from the last to the mastoid process and the superior nuchal line of the 
occipital. The anterior x)art or hard palate projects below the level of the 
rest of the surface, and is bounded in front and laterally by the alveolar arch 
containing the sixteen teeth of the maxiUo). Immediately behind the incisor 
teeth i.s the m cisi foramen . In this foramen are two lateral apertures, the 
openings of tKe mcisive canals (foramina of^ Stensen) ; each of these leads 
upwards into the corr(\sponding*''Tr31sar^^ and transmits the terminal 
branches of thc^gr^ artery and the nasopalatine nerve. Obca- 

sjonally there "are ”two additional apertures In the "* middle line ; they are 
termed the foramina of Scarpa, anrl when ])resent the nasopalatine nerves 
pass^ through ‘ them instead of through the foramina of Stensen, the left 
nerve being usually transmitted through the anterior, and the right through 
the postt^rior foramen. The vault of the hard palate is concave, uneven, 
perforated by numerous foramina, marked by depres.sions for the palatine 
glands, «and traversed by a crucial suture formed by the junction of the four 
bones of which it is composed. In the young skull a suture may be present, 
extending on cither side from the incisive foramen to the interval between 
the lateral incisor and canine tec'th, and marking off in front of it the os incisiviiui 
or premaxillary bone. At either posterior angle of the Iiard palate is the 
greater ]3alatine foramen, for the traiismi.>.sion of the greater ])alatme vessels 
and anterior palatine nerve ; and rriuning forwards and medialwards from it 
are two grooves, for the same vessels and ucive. 'iehind Mie greater ^lalatiiie 
foramen is the pyramidal proce ss of the palatine bone, perforated by two or 
three lesser . palatine foramina, and marked by the l)eginning of a curved 
ridge for the attachment of part of the aponeurosis '>f the Tensor veil 
palatini. JVojocting backwards from the middle of the posterior border of 
the hard palate is the posteiior nasal spine, fr'an v, iiieh the Aluseulus uvulfo 
takes origin. 

Behind and above tlie hard pah Ac are the choana3, neasiuing about 25 cm. 
vertically and 1*25 cm. transversely. They arf rated from one another 
by the vomer and each is bounded a’^ovc by tl * oody of the siihenoidal bone 
and tlu‘ vaginal process of the medial ])terygoid lamina, below by tlie horizontal 
part of the palatine hon<^ and laterally hy the nujclial pter;'g( id lamina. At 
the superior border of the vomer are -r ^ c.v|.>anded ^.uo,jof ^»ua. d^one^ \yhich 
lAscoiv^ between, them the rostrum of the sphciuoidal hone, and artioulaU* laterally 
witli the sphenoidal processes of the palatine bones and tlio vaginal ])rocessos 
of the medial pterygoid laminin. Above the vaginal jirocessos arc the pharyn- 
geal canals. The medial ])terygoid lamina is long and narrow ; lateral to 
its upper part is the scaphoid fossa, for the oriciu of the Tensor veli pidatini. 
At tile upper end of the medial pterygoid lamina is Uuj pterygoid tubercle, and 
immediately above this tubercle, the posierioi end of the pterygoid canal ; 
at the lower end of the lamina is the hamulus, around which the tendon of 
the Tensor veli palatini turns. The lateral ]»terygoid lamina is broad ; its lateral 
surface forms the medial boundai’v of the infratemjioral fossa, and gives origin 
to the Pterygoideus externiis. 

Rehind the choana? is the basilar portion of the occipital bone ; near its 
centre is the pharyngeal tubercle for the attachment of the fibrous raphe of 
the pharynx, and on either side of the middle line arc* dejiressions for the inser- 
tions of the Rectus capitis anterior and Longiis capitis. Immediately behind 
the upper end of the lateral pterygoid lamina is the pyaJ[j,V for*. the 

transmiasjoja.^^ the agees^ipry., meumgeal. artery, and 

spnietuncs the less^jr..,supcrhcial peto^ nerve ; behind this are the foramen 
spiiiosiunlxrid the spina angularis of the sphenoidal bone ; the forin^; Jjangini^ 
the midc^e.4n((?ningeal artei;y i>ndJhP..ncrvus spinosus^ the latter ^yos attaeh- 
menlTto the spKSibman<1G6ufo ligament and the Tensor veli palatini. Lateral 
to the spina angularis is the mandibular fossa, divided into two parts by the 
petrotympanic hssurc ; the anterior portion of the fossa, concave, smooth 
and bounded in front by the articular tubercle, articulates with the articular 
disc of the temporomandibular joint ; the posterior portion, bounded behind 
by the tympanic part of the temporal bone, is sometimes occupied by a part 
oi the parotid gland. Emerging from the v ayna procc&s ^\artt^tylffldm of the 
tympanh? part is the styloid process ; and bchmd the^n end of this process 
is the stylom^gstpid Joram^^ facial nerve, an d entrance 
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< rf the stylo mastoi d ar^e^ y. Lateral to the stylomastoid foramea, between 
thiT tympanic paifT and the mastoid process, is the tympanomastoid fissure, 
which mvcs exit to the auricular branch of the vagus nerve. Medial to tho 
mastoid process is the mastoid notch for the posterior belly of the Digastricus, 
and medial to the mastoid notch, the groOve for the occipital artery. At 
the base of the medial pterygoid lamina is the bounded 

anteriorly by the great wing of the sphenoidal bone,^stenofIy ^d laterally by 
the apex of the petrous portion of the temporal bone, and medially by the body 
of the sphenoidal bone and basilar portion of the occipital bone ; it presents in 
front the posterior orifice of the pterygoid canal ; behind, the aperture of the 
carotid canal. In the recent state the lower part of the foramen lacerum is 
filled up by a fibrocartilaginous plate, on the upper surface of which the internal 
carotid artery rests. Lateral to the foramen lacerum is the sulcus tubas audi- 
tivaB, between the petrous part of the temporal bone and the great wing of 
the sphenoidal bone. This sulcus, directed lateralwards and backwards, 
lodges the cartilaginous part of the auditory tube, and is continuous behind 
with the semicanalis tubao auditivsc in the temporal bone. In the floor of this 
sulcus is the petrosphenoidal fissure, occupied, in the recent condition, by a 
plate of cartilage. Beliind this fissure is the imder surface of the petrous 
portion of the temporal bone, presenting, near its apex, a quadrilateral rough 
surface, part of which gives origin to the Levator veli palatini: lateral to 
this surface is the orifice of the carotid canal, and medial to the canal, tho 
depression leading to the aquaaductus cochleae, the former transmitting the 
internal carotid artery and the carotid plexus of the sympathetic, the latter 
serving for the passage of a vein from the cochlea. Behind the carotid canal 
is the j ugul ar foramen, formed in front and laterally by the petrous portion 
of the tempofaTbone, behind and medially by the occipital bone ; it is generally 
larger on the right than on the left side, and may be subdi\rided into three parts. 
The anterior part transmits the i^erjor, petrosal sinqs ; the intermediate, the 
glossopharyngeal, vagus, and accessory nerves'; the posterior, the , transverse 
sjlSttS and some meningeal branches from the occipital and aseexjd^iig,phar^gfea^^ 
\ On the ridge of bone betw'cbn the carotid canal and the jii^lar' 

' foramen is the infe rior ty mpanic canaliculus for the transmission of tho tympanic 
branch of the glossopharyngeal nerve ; in the lateral part of tho jugular foramen, 
near the root of the styloid process, is the ma^idJlfl^p^^icqlus for the passage 
of the auricular branch of the vagus nerve. Running between tho jugular 
foramen and the foramen lacerum is the petro*occipital fissure, occupied, in 
the recent state, Ijy a ifiate of cartilage. Behind tne Aasilar portion of the 
occipital bone is the wflich transmitsuhe medulla oblongata 

and its membranes, the spmal parts of the accessory nerves, the vertebral 
arteries, the anterior and posterior spiqal arteries, and the ligaments con- 
necting the occipital bone with the axis.JiLa^teral to the anterior half of the 
foramen magnum arc the occipital cond^es for articulation with the atlas 
veiiiebra ; the medial side of each condyle is rough for the attachment of the 
alar ligament. Lateral to the condyle is the jugular process, which gives 
attachment to the Rectus capitis lateralis. In front of the condyle is the 
hypoglos sal canal for the passage of the l^poglossal ^erye S^nd a meaiag£i&l^ 
arte^. Behind the condyle is tho condyloid fossa, which is sometimes per- 
foTsmd by the condyloid canal, for tho transmission of a vein from tho transverse 
sinus. Behind the foramen magnum is the median nuchal line, ending above 
at the external occipital protuboranco ; on either side are the superior and 
inferior nuchal lines, which, with the surfaces of bone between them, are rough 
for the attachment of the muscles enumerated on p. 193. 


Norma Lateralis (fig. 347) 

' Whto viewed from the side the skull is seen to consist of the cranium above 
and behind, and the face below and in front. The cranium is somewhat ovpid 
in but} its contour varies in different cases and depends .largely on the 

lengtih^d height of the skull and on the degree of prominence of the superciliary 
ar^nes. and frontal tuberosities. ISntering into its foormation are the frontal, 
pai^tal, occipital, temporal, and sphenoidal bones.^ These bones are join^ 
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to one another by the coronal, squamosal, parietomastoid, lambdoidal, spheno- 
frontal, sphenoparietal and sphenosquamosal sutures. The sphenoparietal 
suture varies in length in different skulls, and is absent in those cases where 
the frontal articulates with the temporal squama ; the posterior end of the 
sphenoparietal suture is named the ptefion . The sciuamosal suture arches 
backws^s from the pterion and connects the temporal squama with the lower 
border of the parietal bone ; it is continuous behind with the short, nearly 
horizontal parietomastoid suture, which unites the mastoid process of the 
temporal bone with the region of the mastoid angle of the parietal bone. 
Extending from above downwards and forwards across the cranium arc the 


Fig. 347. — Side view uf skull. 



coronal and lambdoidal sutures : the former connecjts the parietal bones with 
the frontal bone ; the latter, the parietal bones with the occipital bone. I'he 
lambdoidal suture is continuous below with the occipitomastoid suture between 
the occipital bone and the mastoid portion of the temporal bone ; in or near 
this suture is the mastoid foramen which transmits an emissary vein. 

Immediately ab6ve the orbital margin is the superciliary arch, and, at a 
higher level, the frontal tuberosity. I^ar the centre of the pai’ietal bone is 
the parietal tuberosity. Posteriorly is the external occipital protuberance, 
from which the superior nuchal line may be followed to the mastoid process. 
The temporal lines arch across the side of the cranium and mark the upper 
limit of the temporal fossa. 

The temporal fossa is bounded above and behind by the temporal lines, 
which extend from the zygomatic process of the frontal bone upwards and 
baclewards across the frontal and parietal bones, and then curve downwards 
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and 'forwards to the temporal bone to become continuous with the supra- 
mastoid crest and the posterior root of the zygomatic arcli. The temporal 
fossa is bounded in front by the frontal and zygomatic bones : opening on the 
latter is the zygomaticotemporal foramen. Latei'ally the fossa is limited 
by the zygomatic sirch ; below, it is separated from the infratemporal fossa 
by the infratemi^oral crest on* the great wing of the sphenoidal bone, and by a 
ridge which runs backwards from this crest across the temporal stiuama to the 
anterior root of the zygomatic process. The floor of the fossa, deeply concave 
in front, is formed by the zygomatic, frontal, parietal, sphenoidal, and temporal 
bones. It is traversed by vascular furrows : one, usually well marked, runs 
upwards above the opening of the external acoustic meatus, and lodges the 
middle temporal artery. Two others, frequently indistinct, may be observed 
on the anterior part of the floor, and are for thg^nterior and posterior -deep 
temporal arteries. The temporal fossa, contains the Temporalis muscle and 
its vessels and nerves, together with the zygomaticotemporal nerve. 

The zygomatic arch is formed by the union of the zygomatic process of the 
tcuuporal bone with the temporal process of the zygomatic bone ; the tendon 
of the Temporalis descends on the medial side ot the arch to gain insertion 
into the coronoid process of the mandible. The zygomatic process of the 
temporal arises by two roots, an anterior, directed inwards in front of the 
mandibular fossa, where it expands to form the articular tubercle, and 
which runs backwards above the opening of the external acoustic meatus and 
is continuous with the supramastoid crest. The upper border of the arch 
gives attachment to the temporal fascia ; the lower border and mc^dial surfaee 
give origin to the Masseter. 

Below the xjosterior root of the zygomatic arch is the elliptical opening 
(ponis acusticus exteriius) of tlie extenial acoustic meatus, bounded in front, 
bedow, and behind by the tympanic xmrt of the temporal bone : to its eircum- 
ferenco the cartilaginous segment of the external acoustic meatus is attached. 
The small triangular area between the i)osterior root of the zygomatic arch and 
the poslerosiiperior ])art of the ])orus acusticus is termed the sux)rameatal 
triangle, on the anterior border of which a small spinous process, the siipra- 
meatal spine, is sometimes seen. Between the tymi)anio part and the articular 
tubercle is the mandibular fossa ; behind the fossa the styloid i)rocess extends 
downwards and forwards for a variable distance, and gi\es attachment to 
the Styloglossus, ytylohyoideus, and Stylopharyngeus muscles, and to the 
styloliyoid and stylomandibular ligaments. J^'ojecting downwards behind 
the porus acusticus externiis Ls the mastoid process, to the outer siuiace of wliieh 
the Sternoclcidomastoideus, tSplenius capitis, and Longissimus capitis ai*e 
attached. 

The infratemporal fossa (fig. 348) is an irregularly shaped space, situated 
below, and mc'dial to, the zygomatic arch. It is bounded in front by the infra- 
temporal surfae(i of the maxilla, and the ridge which extends from its zygomatic 
process ; behind, by the articular tubercle of the temx)oral bone and the spina 
angularis of the sphenoidal bone ; above, by Ihe^ great wing of the sphenoidal 
bone below the infratemxioral crest, and by the under surface of the temporal 
squama ; below, by the alveolar border of the maxilla ; medially, by the 
lateral pterygoid lamina. It eontaios the lowtir part of the Temporalis, tlie 
Pterygoidei internuxs and extemus, the intcrjual maxiUary vessels, . and the 
mandibulai* and maxillary nevve.s. The foramen ovale and foramen Hpinosuin 
open on its roof, and the alveolar canals, on its anterior wall. At its upper 
and medial part are two fissures, which together form a rectangular fissure, 
the horizontal limb being the infeiior orbital, and the vertical one the ])terygo- 
maxillary. 

The inferior orbital fissure (sphenomaxillary fissure), nearly horizontal in 
dkeotion, ofiens into the lateral and back part of the orbit, ft is bounded above 
by the lower border of the orbital siuface of the great wing of the sphenoidal 
bone ; below, by the lateral border of the orbital surface of the maxilla and the 
orbital process of the palatine.bone ; laterally, by a small part of the zygomatic 
bone^ ; medially, it joins at /ight angles with the ptdrygomaxillary fissure. 

the inferior orbital fissure the orbit communicates with the infra- 

^ Bometimos the maxilla and the sphenoidal bone articulate with each other at the lateral 
extremity of this fissure ; the zygomatic is then excluded fi om it. 
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temporal, ?ind. pterygopalatine fpssaa ; the fias iire ty^nsmitR t-hfi 
and itflilzy^ amatifi Itemp orotnaia r) b ranchj^Jbe infraorb ital yeHselsj the 9 r!)ftal 
biaLadiea j L rf .t h e Ap heJiQ]p3Giti^ conneets the inferior 

ophthalmig. t i ie pterygoid, venoua .plexus. 

The ^|te/^£OW.aa:i7Ja^^ fissure is vortical, and descends at right angles from 
the meefial end of the preceding ; 'it is a triangular interval, fornjcd b\' tlie 
divergence of the maxilla from the pterygoid process of the sphenoidal bone. 
It connects the infratemporal with the pterygopalatine fossa, and trmismits 
the terminal part of the internal maxillary artery. 


Kio. 348. — Left*infrjitemporul fossa. 



Pterygoid hamulus' 

rAitern^ pttrygoid hivnnn 

The pterygopalatine fossa (sphenomaxillary fossa) (tig. 351) is a small, 
triangular space at the angle t*f junction of the* inferioi* orbital and pterygo- 
maxillary fissures, and placed beneath tlu* apex of tin* orbit. It is bounded 
above by the under surface of the body of the sphenoidal bone and by the 
orbital process of the ])alatine boru* : in front, by Hit* upper part, of the infra- 
tern]>oral surface of the maxilla ; behind, by the base f)f the pterygoid process 
and lower part of tlio anterior surface of the great wing of the sphenoidal bone : 
medially, by tin*, vertical ])art of the palatine lionc with its orbital and si^henoida! 
processes. The fossa contains the maxillary nerve, the sphenopalatine ganglion 
and the terminal part of the internal maxillary artery. Five foramina opei 
intpjt. Of these, three arc on the posterior wall, viz. : the foramen rotundum ^ 
tlie" pterygoid canal, and the pharxmgeal canal, in this order do\Miwards and^ 
medialwards ; on the medial wall is the spheno])alatine foramen ;, bekm is 
superior orifice of the pterygopalatine eanal. 

Norma Occipitalis 

When viewed from behind, the cranium presents a more* or Iwss circular 
outline. In the middle line above is the posterior part of the sagittal suture 
connecting the parietal bones ; extending downwards and lateralwaida from 
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the posterior end of this suture is the deeply serrated lambdoidal suture joining 
the parietals to the occipital and continuous below with the parietomastoid 
and occipitomastoid sutures ; it frequently contains one or more ^gtiiral 
l^pnes . Near the middle of the occipital squama is the external occipital 
protuberance or inlon . and, extending lateralwards from it, the superior nuchal 
lines, and above these the faintly marked highest nuchal lines. The outer 
surface of the part of the occipital bone above the inion and highest nuchal 
lines is named the planum occi]ntale, and is covered by the Occipitalis muscle ; 
the outer surface of the pari below is termed the planum nuchale, and is divided 
by the medial nuchal line which runs downwards and forwards from the inion to 
the foramen magnum ; this line gives at^^achment to the ligamentum nuchm. 
The muscles attached to the planum nuchale are enumerated on p. 193. Below 
and in front are <he mastoid processes, convex laterally and grooved medially 
by the mastoid notches. In or near the occipitomastoid suture is the mastoid 
foramen for the passage of the mastoid emissary vein. 


Norma Frontalis (fig. 349) 

When viewed from the front, the skull exhibits a somewhat oval outline, 
limited above by the frontal bone, below by the body of the mandible, and 
laterally by the zygomatic bones and the mandibular rami. The upper part, 
formed by the frontal squama, is smooth and convex. The lower part, made 
up of the bones of the face, is irregular ; it is excavated laterally by the orbital 
cavities, and presents in the middle the anterior nasal aperture leading to the 
nasal cavities, and below this the transverse slit between the upper and lower 
dental arcades. The frontal tuberosities stand out more or less prominently, 
and beneath these are the superciliary arches, the medial cmls of which are 
joined to one another by the glabella. On and above the glabella a trace 
of the frontal suture sometimes persists ; beneath the glabella is the frontonasal 
suture, below and behind which arc the frontomaxUlary and frontolacrimal 
sutures. Below each superciliary arch is the upper pari of the margin of 
the base of the orbit, thin and prominent in its lateral two-thirds, rounded 
in its medial third, and displaying at the junction of the^e two portions the 
supraorbital notch or foramen for the supraorbital nerve and vessels. The 
supraorbital margin ends laterally in the zygomatic process, from which the 
temporal lines extend upwards and httekAvards. Below the frontonasal suture 
is the bridge of the nose, convex from side to .side, concavo-convex from above 
downwards, and formed by the two nasal bones supported in the middle line 
by the nasal spine of the frontal and the lamina perpendicularis of the ethmoidal 
bone. The frontal processes of the maxillas ascend between the nasal and 
lacrimal bones and form the lower and medial paris of the circumferences of 
the orbits. Below the nasal hones and between the maxillas is the anterior 
aperture of the nasal cavity, pyriform in shape, with the narrow end directed 
upw^ds. Laterally this aperture is bounded by sharp margins which curve 
medial wards and forwards and end in the anterior nasal spine. On looking 
into the nasal cavity, the bony septum between the right and left nasal chambers 
presents, in front, a large triangular deficiency ; this is filled in the recent state 
by the cartilage of the nasal septum : on the lateral wall of each nasal cavity 
the anterior pari of the inferior nasal concha is visible. Below and lateral to 
the anterfor nasal aperture are the anterior surfaces of the maxillae, each per- 
forated, near the lower margin of the orbit, by the infraorbital foramen for the 
passage of the infraorbital nerve and vessels. Below and medial to this foramen 
is the canine eminence separating the incisive from the canine fossa. Beneath 
riiese fos^ are the alveolar processes of the maxillse containing the upper 
teeth, which overlap the teeth of the mandible in front. The zygomatic bone 
on either side forms the prominence of the check, the lower and lateral portion 
of tlie orbital cavity, and the anterior pari of the zygomatic arch. It articulates 
medially with the maplla, behind with the zygomatic process of the temporal 
r>one;t$lipd the great wing of the sphenoidal bone, and above with the zygomatic 
proG^iSs of the frontal bone ; it is perforated by the zygbmaticofaoial foramen 
n>r the passage of the zygomaticofacial nerve. On tbya upper part of the body 
V)f the qjandible is a me^an ridge, indicating the position of the symphysis ; 
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tWs ridge dividea b^w to enclose the mental protuberance, the lateral angles 
of which ^i^titute tho mental tubercles. Below the incisor teeth is the inci.sive 
fossa, and beneath the second premolar tooth the mental foramen which 
transmits the mental nerve and vessels. The oblique line ascends from the 
mental tubercle and is continubus behind with the anterior border of the ramu.s. 
The posterior border of the ramus rims downwards and forwards from the 
condyle to the angle, which is frequently more or less everted. 


Fig. 849. — The skull from the front. 
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The orbits (hg. 349) are two quadrilateral })yramidal cavities, situated at 
the upper and anterior part of the face, their bases being duected forwards 
and lateralwards, and their apices backwards and medialwards, so that their 
long axes, if continued backwards, would meet over th(3 body of the 
sphenoidal bqne.' Each has a roof, a floor, a medial and a lateral wall, a 
base, and an apex. 

* The of thft is concave, directed downwards and slightly forwards, 
and formed in front by irontal behind by the 

wjpg ni tlm q pherT^"^^ It presents, just within the base of the 

orbit and about midway between the supraorbital notch and the frontolacrimal 
suture, a small depression or spine, the fovea vel spina trochlearis, for the 
attachm^t of the cartilaginous pulley of the Obliquus oculi superior ; on its 
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anterolateral part is the lacrimal fossa for the lacrimal gland ; posteriorly is 
the suture between the frontal bone and the small wing of the sphenoidal 
bone. 

The fl(^r (hg. 350) looks upwards and lateralwards, and is of 

less extent than the roof ; it is formed chiefly by the orbitiEtl surf ace of , t}i e 
nia^dUa : injr^xt and laterally, by the orbital process of .tf^Q.zygQm^ ; 
bsJwmf.and .niedia^^^ a small extehC, by £he orbital process of the- p al ft tiiie 
bqiij*. At its medial angle is the upper opening of the nasolacrimal canal, 
mirnediately to the lateral side of which is a depression for the origin of the 
Obliquus ocidi inferior. On its lateral part is the suture between the maxilla 


Fig. 350. — Horizontal section of nasal and orbital cavities, viewed from above. 
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and zygomatic bone, and at its ])osterior part that between the maxilla and 
the orbital proct'ss the palatijie bone. Running ff)rvvards near the middle 
of the floor is the infraorbital groove, ending anteriorly in the infraorbital 
canal and transmitting the infraorbital nerve and vessels. 

Thv niedj£{ljp:iiU of the orbit (lig. 351) is nearly vertical, and is formed from 
before backwards by the frontal process of the maxilla, the lacrimal^ the lajnina 
papyracea of the ethmoidal bone, and a small portion, of tbp. bpdy. ot-^e 
^)henoidal bone in front, of . the optic foramen ; sometimes the sphenoidal concha 
forhis a small part of this wall (see p. 202). It exhibits three vertical sutures 
— viz. : the lacrimomaxillary, lacrimo-ethmoidal, and spheno ethmoidal. In 
front is seen the lacrimal fossa, which lodges the lacrimal sac, and behind the 
fossa is the posterior lacrimal crest, from which the lacrimal part of the Orbi- 
culads peuli arises. At the junction of the medial w'all and the roof are the 
frontoximxillary, frontolacrimal, fronto-ethmoidal, and froiitosphenoidal sutures. 
In l.he fronto-ethmoidal suture are the anterior and posterior ethmoidal fora- 
raina, the former transmitting the anterior ethmoidal nerve and vessels, the 
Iatt<^ thil posterior ethmoidal nerve and vessels. 
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The IcitgijjiijiiM of the orbit, directed medialwards and forwards, is forinwl 
bj'.,ttw .orhitaLaurfftm-OJ Jih^^ Jjon?* and the orbital surface of the 

g^£ytJKiag..«^,t^mJpUw(H^ ; these arc united by the sphenozygomatic 
suture which terminates below at the anterior end of the inferior orbital fissure;. 
Oil, the prbitftl process of the zygomatic bono are the orbital tubercle (Whitnali) 
and the orifices of one or two canals which transmit the luanches of the zygo- 
nifttifi. perve. Between the roof and the lateral wall, near the ajiex of th(' 
orbit, is the superior orbital fissure. Throiighjhis fiasure thc oculomotor, the] 
troh l ear , , tihp npb tb a l m i n, ..a.nd..tbK..abducent hci'ves enter thcT orbital cavity, I 
also some filaments frpra tho, caverpovs plexus of the sympathetic and thc’j 


Fig. S.*)!. — Medial wall of left orbit. 
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through this fissure. The lateral wall aud the floor of the orbit fire separated* 
poatmrifly 1>y the inferior orbital fissure which transmits the maxillary nerve 
and its zygomatic branch, the infraorbital vessels, and the ascending branches 
of nerves from the splumojialatine ganglion. 

The base, of the orbit, quadrilateral in shape*, is formed above by the supra- 
orbital arch of the frontal bone, in whicli is the supraorbital notch or foramen 
for the passage of the su])raorbita] vessels and nerve ; below by the zygomatic- 
bone and maxilla, united by the zygomaticomaxillary suture* ; laterally by the 
zygomatic bone and the zygomatic process of the frontal bone joined by the 
zygomaticofrontial suture ; medially by the frontal bone and the frontal process 
of the maxilla united by the frontomaxillary suture. 

The apex of the orbit corresponds to the 0£.(iQ a slioi,;t ,c<^n!^l, 

through wliM the optic and Qphthajjudc . artery enter the orbita,! jCqy]t,V- 

* Some anatomists describe the of tlio orbit as corresponding with the medial end of 
the superior orbital fissure. It seems better, however, to adopt the sUtement in the text, 
since the ReetJL, lausclea. >ovigio optic iorameu, and diverge . ,|rom it to the 
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INTERIOR OF THE SKULL 

In order to study the interior of the skull, the skull-cap should be removed 
by a saw-cut carried round the cranium about the level of the frontal ezninences 
and the upper limits of the squamosal sutures, cutting the occipital bone about 
2'5 cm. above the external protuberance. 


Inner Surface of the Skull-cap 

On the concave inner surface of the skull-cap are depressions for the con- 
volutions of the cerebrum and numerous furrows for the branches of the 
meningeal vessels, in the middle line is the sagittal sulcus, narrow in front, 
and^broad behind ; it lodges the superior sagittal sinus, and its margins afford 
attachment to the falx cerebri. On either side of it are several depressions 
for the arachnoideal granulations, and, at its posterior part, the openings of the 
parietal foramina when these are present. It is crossed in front by the coronal 
suture, and behind by the lambdoidal suture, whilst the sagittal suture lies 
in the median plane between the parietal bones. 


Upper Surface of the Base of the Skuijl (Basis Cranh Interna) 

(fig. 352) 

The upper surface of the base of the skull, or floor of the cranial cavity, 
is divided into anterior, middle, and posterior cranial fossse. 

Anterior fossa. — The floor of this fossa is formed by the orbital plates of 
thci frontal bone, the lamina cribrosa of the ethmoidal bone, the small wings 
and anterior jiart of the body of the sphenoidal bone ; it is limited behind by 
the posterior borders of the small wings of the sphenoidal bone and by the 
anterior margin of the sulcus ehiasmatis. It is traversed by the fronto-ethmoidal, 
spheno-ethmoidal and sphenofrontal sutures. Its lateral ]iortions roof in the 
orbital cavities aiid support the frontal lobes of the cerebrum ; they are convex 
and marked by depressions for the brain convolutions, and by grooves for 
branches of the meningeal vessels. The central portion con’esponds with the 
roof t»f the nasal cavity, and is markedly depressed on either side of the crista 
galli. It presents, in the median line, from before backwards, the commenco- 
riient of the frontal crest for the attachment of the falx cerebri ; the fg]^UD0£QL 

c^ ciirn^ j yhich usually transmits a small vein * ^ 4.^ 

SggpCTior 3 a^ittal sinus ; the crista galli, the free margin of which affords attach- 
ment to the ^interior end of the falx cerebri. On either side of the crista galli 
is the olfactory groove formed by the lamina cribrosa of tho ethmoidal bone, 
which supports the olfactory bulb and is perforated by foramina for the trans- 
mission of the olfactory nerves ; at the front part of this lamina is the foramen 
for the anterior ethmoidal nerve. Lateral to either olfactory groove are the 
internal openings of the anterior and posterior ethmoidal foramina *, tho 
anterior, situated about the middle of the lateral margin of the olfactory groove, 
transmits the anterior ethmoidal nerve and vessels ; the nerve runs in a groove 
along the lateral edge of the lamina cribrosa to the foramen above mentioned ; 
the posterior ethmoidal foramen opens at the posterior part of this margin under 
coyer of a projecting lamina of the sphenoidal bone, and transmits the posterior 
ethmoidal nerve and vessels. Posteriorly the anterior margin of the sulcus 
ehiasmatis runs lateralwards to the upper margin.s of the optic foramina. 

The middle fossa, deeper than the prect^ng, is narrow in the middle, 
and 'wide at the sides of the skull. It is bound^ in front by the posterior 
ma-rgins of the small wings of the sphenoidal bone, the anterior clinoid processes, 
aiiid;tbe ridge forming the anterior margin of the sulcus ehiasmatis ; behind, by 
the dorsum sellse of the sphenoidal bone and the superior angles of the petrous 
portiew# of the temporals ; laterally by the temporal squamaa, the spheroidal 
angles of the parietal bones, and the great wings of the sphenoidal bone. It is 
traversi^ by the squamosal, sphenoparietal, sphenqsquamosal, and spheno* 
petiosai^utures. 
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Tho middle part of the fossa presents, in front, the sulcus chiasmatis and 
tuberculmn sellas ; the sulcus ends on either side at the optic foramen, which 

Fig. 352. — Base o£ the skull, f-pper surface. 
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the optic nerve and ophthalmic artery to the orbital cavity. Behind 
tire optio foramen the anteiior elinoid process is directed backwards and medial- 
wards and gives attachment to the tentorium cerebelli. Behind the tuberculum 
aellm is ja deep depression, the seUa tnreioa. containing the fossa hypophyseos,. 
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which lodges the hypophysis, and presents at the lateral angles of its anterior 
wall the middle elinoid processes. The sella turcica is bounded posteriorly by 
tlie dorsum sellse, the upper angles of which are surmounted by the posterior 
clinoid processes : these afford attachment to the tentorium cerebelli, and 
some lit tle* distance below each is a notch on the side of the dorsum sellae for 
the abducent nerve. Jjateral to the sella turcica is the carotid sulcus, which 
begins boliind at the foramen lac;erum, and ends on the medial side of the 
anterior clinoid process, wliere it is sometimes converted into a foramen (carotico* 
clinoid) by the union of the anterior and middle clinoid processes ; the posterior 
part of the sulcus is bounded antcrolaterally by the lingula. The carotid 
sulcus^ lodges the ^ivcrnqu^ sinus, and tbe. internal. earptid artery, the,slaUer 
being surround^ plexus of syiQpatbotic nerves. 

The lateral parts of the middle fossa are deep, and support the temporal 
lobes of the brain. They are marked by deep depressions for the brain con- 
volutions, and traversetl by furro w s for . .the, anterior and- Posterior jil Mf-bes 
of the middle meningeal vessels. These furrows begin liy the bifmeation 
of a groove which nins for about 2 cm. forwards and lateral wards from the 
foramen spinosuin ; the anterior furrow is directed forwards and upwards to 
the sphenoidal angle of the parietal bone, where it is sometimes convcittcd into 
a bony canal ; the posierior arches backwards across the temporal squama and 
passes on to the parietal bone near the middle of its lower border. The 
following apertures are also present. In front is the superior orbital lissiire, 
bounded above by the small wing, below by the great wing and medially by the 
body of the s])henoidal bone ; it is asiiall^'^ completed laterally by tlio orbital 
[)late of the frontal bom*. It transmits to the orbital cavity the oculomotor, 
the trochlear, the o})hthalmic division of the* trigeminal, and the abducent 
nerves, some tilaments from the cavernous plexus of the syju pathetic*, and the 
orbital ))raneh of the middle neningeal artery ; and from the orbital cavity 
a recurrent branch from the la«..»nhal artery to the dura mater, and the ophthal- 
mic veins. ‘ e n* ’ial end of the superior orbital hssure is the foramc‘n 

rotundum, fc»r the .ag« cT the maxillary nerve. Posterior and lateral to 
the foramen rotiim’ m ‘ foramen ovale, which transmits the nmndibular 
nerve, the accessory . .e 'cal artery, and the lesser siqujrrKtial petrosal nerve.* 
Medial to the ff>nuuen lO is the foramen \"csa1ii, which varies in size, and 
is often absent ; •\1' n prest at, it opens beltiw at the lateral side of the scaphoid 
fossa, and transmit small vein. Lateral to the foramen ovale is the foramen 
spinosnm, for tl oa ,sage of the nervus spinosus and the middle meningeal 
artery. Medial to .he foramen ovale is the foramen lacenirn : in ttie recent 
state the lower ])art of this foramen is tilled by a fibrocartilaginous plate, on 
the u])per surface of whieli rests tlio internal carotid artery, sw.ouwdejJ. X'" 
a plexus of sympathetic nei ves, nerve of ^tho pterygoid , cauaU and a 
moniu geal liranch from the ascending pharyngeal artery, pierce, tii(} iil>i;o- 
cartilaginous plate. On the anterior suriace of the pctrciiis portion of tlui 
temporal bone is tlie eminf*nt ia arcuata caused by the up\vard jrrojection of the 
suprM’ior semicircular caual ; in front of and a little lateral to this, a depressed 
area forming the rf)of of the t ympanic cavity.; the groove leading to the hiatus 
of the faeiid canal, for the transmission of the greater superficial petrosal 
nerve and the; ]xdr()sat branch of the middle meningeal artery ; lateral to 
it, the smaller groove for the passage of the lesser superficial petrosal . nerve ; 
and, near the ap(\\ of the bone, the depre^ssion for the semilunar ganglion, and 
the orifice of the carotid caiial. 

The posterior fossa, the largest and deepest, is formed by the dorsum 
sellflD of the sphenoidal bone, the basilar and lateral parts of the occipital 
bone, the petrous and mastoid portions of the temporal bones, the mastoid 
angles of the parietal bones, and the lower part of the squama occipitalis ; 
it lodges the cerebellum, ])ons, and medulla oblongata, and is crossed by the 
petro-occijiital, occipitomastoid, and parietomastoid sutures. It is separated 
fron> the middle fossa in and near the median line by the dorsum sellar of the 
sphenoidal bone, and on either side by the supefip;; lUAgle ot tire . petrous 
Pprtioir'<)f the temporal bone. This angle gives attaehm ept ^p;tqrinm 

is groov§ii,J/.)j^>lip and is noJcheiLAlLits 

meioal end .for they, trigeminal peije. The posterior fossa is limited behind 

See footnote, p. 2()0. 



INTERIOR OF THE SKULL 


by the transverse sulci of the occipital bone. In its centre is the foramen 
magnum, and on either side of this foramen is a rough tubercle for th(^ attach- 
ment of the alar ligaments ; a little above this tubercle is the hypoglossal canal 
which transmits the hypoglossal nerve and a meningeal branch from the 
ascending pharyngeal artery. In front of the foramen magnum the basilar 
portion of the occipital bone and the po.sterior part of the body of the sphenoidal 
bone form the cjjpiSi, which supports . the medulla oblongata and pons ; in 
the yoimg skull ‘these bones arc joined by a synchondrosis. This grooved 
surface is separated on either side from the petrous portion of tlu' temporal 
bone by the petr0'0cci})ital fissure, which is occupied in the recent state by 
a plate of cartilage ; the fissure is continuous behind with the jugular forexmon, 
and its margins are grooved for the inferior petrosal sinus. The jugular foramen 
is situated between the lateral pixrt of Hit? occipital bone and tKe petrous part 
of the temporal bone. The an , p py rfo n of this foramen transmits , the 


Fi(}. — Sngittal soctioii of sknll. 



sinus ; the postfiWii‘4iOi'tion, the transverse sinus and some 
Tneningeal branclies froin the. occipital . and ascending pharyngeal arteries ; 
aniF the Tnterm(^ia^^ the glossopharyngeal, vagus, and accessory 

n yryig s. Above the jugular foramen is the opening of the internal acoustic 
meatus, for the facial and acoustic nerves and internal auditory artery ; behind 
and lateral to this opening is the slit leading to tlie aqua)ductu.s vestibuli, xvhich 
lodges the ductus endolympliaticus ; while between these, and near the superior 
angle of the petrous portion, is a small triangular depression, the remains of the 
fossa subarcuata, which lodges a process of the dura mater and occasionally 
transmits a small vein. Behind the foramen magnum is the internal occipital 
crest which serves for the attachmcjit of the falx eerebelli ; in the attached 
margin of this falx is the occipital sinus, which is sometimes duplicated. Lateral 
to the crest arc the inferior occipital fossm wliicli support the hemispheres of 
the cerebellum and are limited behind by the transverse sulci. Each of the 
transverse sinuses, in its passage to the jugular foramen, grooves the occipital 
bone, the mastoid angle of the parietal bone, the mastoid portion of the temporal 
bonji, and the jugular process of the occipital bone, and ends at the posterior 
part of the jugular foramen. Where the sinus grooves the mastoid portion 
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of the temporal bone, the orifice of the mastoid foramen may be seen ; ai 
just behind the jugular foramen, the condyloid canal opens into it ; neitJ 
opening is constant. 


The Nasal Cavities 

The nasal cavities are two irregtdar spaces, situated one on either side 
of the middle line of the face, extending from the base of the cranium to the 
roof of the mouth, and separated from each other by a thin vertical septum. 
They open on the face through the pear-shaped anterior nasal aperture, and 
their posterior openings, or choanss, communicate, in the recent state, with 
the nasal part of the pharynx. They are much narrower above than below, 
and in the middle than at their ailterior or posterior openings : their depth 


Fig. 354. — Medial wall of left nasal cavity. 



is greatest in the middle. They communicate with the frontal, ethmoidal, 
sphenoidal, and maxillary sinuses. Each cavity has a, roof, a floor, a medial 
and a lateral wall. 

The roof (figs. 354, 355) is horizontal in its central part, but slopes 
wards in front and behind ; it is formed in front by the nasal bone and 
frontal spine ; in the middle, by the lamina cribrosa of the ethmoidal bone ; 
and behind, by the body of the sphenoidal boilo, the sphenoidal concha, the 
ala of the vomer and the sphenoidal process of the palatine bone. In the 
lamina cribrosa are the foramina for the olfactory nerves, and in front oi these 
is the foramen for the anterior ethmoidal nerve ; on the posterior part of the 
roof is the opening into the sphenoidal sinus. 

The floor, flattened from before backwards and concave from side to Side, is 
formed by the palatine process of the maxilla and the horizontal part of the 
pafatlne bone ; near its anterior end is the opening of the incisive canal. 

The medial waU, or septum nasi (fig. 354), is fiequehtly deflected to one or 
other aiae, more often to the left than to the right. It is formed, in front, by 
the crest* of the nasal bones and the frontal spine ; in tbo middle, by thh laihnna 
l)pi‘p^dicularis of the ethmoidal bone; behind, by the vomer aSd^by tho. 
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>Btruni of the ^phenoid^vl bone ; below, by the crest of the maxillaD and palatine 
ones. In front is a large, triangular notch which is filled by the cartilage of the 
septum ; behind, is the free edge of the vomer. Its surface is marked by 
furrows for vessels and nerves, and the vomer is grooved for the nasopalatine 
nerve. 

The lateral twiK (fig. 355) is formed, in front, by the nasal bone, the frontal 
process of the maxilla, and the lacrimal bone ; in the middle, by the ethmoidal 
bone, maxilla, and inferior nasal concha; behind, by the vertical part of 
the palatine bone, and the medial pterygoid lamina of the sphenoidal bone. 
On this wall are three irregular, anteroposterior passages, termed the superior, 
middle, and inferior meatuses of the nose. The superior meatus, the smallest 
of the three, occupies the middle third of the lateral wall. It lies between the 
sujjerior and middle nasal conchss ; the sphenopalatine foramen opens into 


Fig. 355. — Roof, flr)or, and lateral wall of left nasal cavity. 
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it behind, and the posterior ethmoidal cells in front. Above and behind the 
superior concha is a triangular depression named the spheno-ethmoidal recess, 
into which the sphenoidal sinus opens. The middle meatus is situated between 
the middle and inferior conch®, and extends from the anterior to the posterior 
end of the latter. The lateral wall of this meatus can be satisfactorily studied 
oijly after the removal of the middle concha. On it is a curved fissiure, the 
hiiius nemilunaris, limited below by the edge of the uncinate process of the 
ethmoida} bone, and above by an elevation named the bulla ethmoidalia ; 
the middle ethmoidal cells are contained within this bulla and open on, or 
near to. it. Through the hiatus semilunaris the meatus opens into a curved 
■passage termed the infundibulum ; this communicates in front with the anterior 
ethmoidal cells, and in rather more than fifty per cent, of skulls is continuous 
above with the frontonasal duct which opens into the frontal air-sinus ; when 
this dontinuity fails through the fusion of the bulla ethmoidalis with the uncinate 
process of .the ethmoidal bone, the frontonasal duct opens directly into the 
aUteribr^ part of' the meatus. Below the bulla ethmoidalis and hidden by the 
upcina^ j^rocess of the ethmoidal bone is the ostium maxiUare or opening 
■of theinaxfilary sinus; an accessory opening from the sinus is frequently 

' , U.A. ' B . 




258 


OSTEOLOGY 


present above the iiosterior part of the inferior nasal concha. The inferior 
meatus, the largest of the three, is the space between the inferior concha and 
the floor of the nasal cavity. It extends almost the entire length of the lateral 
wall of the nose, is broader in front than behind, and presents anteriorly the 
lower orifice of the nasolacrimal canal. 

The a 2 '>ertura piriformis, or anterior nasal aperture 350), is bounded 
above by the inferior borders of the nasal bones ; laterally by the th|n, sharp 
margins which separate the anterior from the nasal surfaces of the raaxillso ; 
and below by the same borders, where they curve medialwards to join each 
other at the anterior nasal spine. In the. recent stete.it .ia^much contracted 
];iy the lateral and alar cartilages of the nose. 

The choance or posterior nasal apertures are each bounded above by the 
ala of the vomer and the vaginal process of the medial pterygoid lamina ; below, 
by the posterior border of the liorizontal part of the palatine bone ; laterally, 
by the medial pterygoid lamina ; they are separated from each other by the 
posterior border of the vomer. 


Difverences in the Skull due to Age 

At birth the skull is large in propoitioii to the other parts of the skeleton, but 
the base is short and narrow in proportion to the vault ; the facial portion is small 
and equals only about one-eighth of the bulk of the cranium as comparetl wit h one- 
half in the adult. The frontal and parietal tuberosities or eminences ar<» prominent, 
and when the skull is view'ed from aljove it presents a pentagonal outline with its 

greatest wddth at the parietal 
tuberosities ; on the other hand, 
the glabella, superciliary arches, 
and mastoid processes are not 
developed. Ossification of the skull 
bones is not completed, and many 
of them -e.g. the occipital, tem- 
porals, sphenoidal, frontal, and 
mandible- consist of more than 
one piece. Unossified membranous 
intervals, termed fonticuli (fonta- 
nelles), are seen atf the angles of the 
parietal bones ; these fonticuli are 
six in number : two, the frontal 
and occipital, are situated in the 
middle line, and two, the sphenoidal 
and mastoid, on either side. 

The frontal or anterior foyiticvlus 
(fig. 356) is the largest, and is placed 
at the junction of the sagittal, 
coronal, and frontal sutures ; it is 
lozenge-shaped, and measures about 
1 cm. in its anteroposterior and 
2 '5 cm. in its transverse diameter. 
The occipital or posterior fonticulus 
(fig. 356) is triangular in form and 
is situated at the junction of the 
sagittal and lambdoidal sutures. 
The sphenoidal and mastoid fontiouU 
(fig. 357) are small, irregular in shape, and correspond respectively with the sphe- 
noidal and mastoid angles of the parietal bones. An additional fonticulus is 
sometimes seen in the sagittal suture at the region of the obclion. 

- *The fonticuli are usudly closed by the growth and extension of the bones which 
surround them, but sometimes they are the sites of separate ossific centres which 
develop into sutural bones. The occipital and sphenoidal fonticuli are obliterated 
within two or three months after birth ; the mastoid fonticulus is usually closed 
ab^ut t>he end of the first year, and the frontal, about the middle of the second 
■■yean - 


Fig. ;3r>6. — Skull at birth, showing frontal and 
occipital fonticuli. 
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The smallness of the face at birth is mainly accounted for by the rudimentary 
condition of the maxilla and mandible, the non-eruption of the teeth, and the small 
size of the maxillary air-sinuses and nasal cavities. At birth the nasal cavities lie 
almost entirely between the orbits, and the lower Imrder of the anterior nasal 
aperture is only a little below the level of the orbital floor. With the eruption of 
the deciduous teeth there is an enlargement of the face and jaws, and these changes 
are still more marked after the second dentition. 

The skull grows rapidly from birth to the seventh year, by which time the 
lamina cribrosa of the ethmoidal bone, the foramen magnum, and the petrous parts 
of the temporal bones liave reached their full size, and the orbital cavities are only 
a little smaller than those of the adult. Growth is slow from the seventh year 


Fig. 357. — Skull at birth, showing sphenoidal and mastoid fonticuli. 


Frontal fonticulus 



Sphenoidal fonticulvs 


until the approacJi of puberty, when a second period of activity occurs : this results 
in an increase in all directions, but it is especially marked in the frontal and facial 
regions, where it is associated with the developrirnt of the air-sinuses. 

Obliteration of the sutures of the v lult of the skull takes place a^ age advances. 
It may commence between the ages of thirty and forty on the inner surface, 
and about ten years later <»n the outer surface of the skull ; the dates given 
are, however, only approximate, as it is impossibh,‘ to state with anything like 
accuracy the time at which the sutures arc closed. Obliteration u.sually occurs 
first in the low'er part of the coronal suture, next in the post.(‘.rior part of the sagittal, 
and then in the lambdoidal. 

In old age the skull generally becomes thinner and lighter, but in a simill pro- 
portion of cases it increases in thickness and weight. The most striking feature of 
the old skull is the diminution in the siz(' of the maxilla3 and mandible consequent 
on the loss of the teeth and the absorption of the alveolar processes. This is asso- 
ciated with a marked reduction in the vertical measurement of the face and with 
an alteration in the angles of the mandible. 


Sex Differences in the Skull. 

Until the age of puberty there is little difference between the skull of the female 
and that of the male. The slcull of an adult female is as a rule lighter and smaller, 
and its capacity about 10 per cent, less, than that of the male. Its walls are thinner 
and its muscular ridges less strongly marked ; the glabella, superciliary arches, and 
mastoid processes are less prominent and the corresponding air-sinuscs are small 
or rudimentary. The upper margin of the orbit is sharp, the forehead vertical, 
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the frontal and parietal tuberosities prominent, and the vault somewhat flattened. 
The contour of the face is more rounded, the facial bones are smoother, and the 
maxilla) and mandible and their contained teeth smaller. Erom what has been 
said it will be seen that more of the infantile characteristics are retained in the 
skull of the adult female than in that of the adult male. A well-marked male or 
female skull can easily be recognised as such, but in some cases the respective 
(characteristics are so indistinct that the determination of the sex. may be 
difficult or impossible. 


Fio. 358. — Outline of side vieAV of skull. 



CR.\NIOLO(iy 

Skulls vfiry in size and shape, and the term eraniolofjy is applied to the study of these 
variations. 

The capacity of the cranial cavity constitutes a g(X)d iude*.\: of the size of the brain 
svhich it contained, and is most conveniently arrived at by filling the cavity with shot and 
measuring the contents in a gra<lnuted vessel. Skulls may be classified according to their 
capacities as follows : 

1. Microcephalia, with a capacity of less than 1350 e.cm. — o.g. those of native 
Australians and Andaman Islanders. 

2. MesocephaliCf with a capacity of from 1350 c.cm. to 14.50 c.cra. — e.g. those of 
African negroes and Chinese. 

3. Mcgaccphalic, with a capacity of over 1450 c.cm. — je.g. those of Europeans, 
•Japanese and Eskimos. 

In comparing the shape of one skull with that of another it is necessary to adopt some 
definite position in which the skulls should bo placed during the process of examination. 
They should be so placed that a line carried through the lower margin of the orbit and 
\ipper margin of the ox>cning of the external acoustic meatus, is in the horizontal plane. 
The norma) of one .skull can then be compared with those of another, and the diflerences 
in contour and surface-form noted. Further, it is necessary that the Various linear 
measurements \iscd to determine the shape of the skull should bo made between definite 
and easily localised points on its surface. The principal points may be divided into two 
groups : fl) those in the median plane, and (2) those on either side of it ffig. 358). 

points in the median plane are the : 

Menhl point. The most prominent point of the chin. 

Aiveolar point or prosthion. The central point of the anterior margin of the upper 
alveolar arch* 

4kan]^io». The tip of the anterior nasal spine. 



CRANIOLOGY 261 

f 

Suhnaaal point. The middle of the lower border of the anterior nasal aperture, at the 
base of the anterior nasal spine. 

Bhinion, The most prominent point of the internasal suture. 

Nation, The central point of the frontonasal sutu»’e. 

Olahella, The point in the middle line at the level of the superciliary arches. 
Ophryon, The point in the middle line of the foroliead at the level where the temporal 
lines most nearly approach each other. 

Bregma* The meeting point of the coronal and sagittal sutures. 

Obelion, A point in the sagittal suture on a level with the parietal foramina. 
Lambda. The point of junction of the sagittal and lambdoidal sutures. 

Occipital point. The point in the middle line of the occipital bont» farthest from 
the glabella. 

Inion. The external occipital protuberance. 

Opisthion. The mid-point of the posterior margin of the foramen rnaguum. 

Basion. The mid-point of the anterior margin of the foramijn magniun. 


The points on either side of the median plane arc the : 

C onion. The outer margin of the angle, of the mandible. 

Jugal point. The angle betv\een the bmiporal border of the zygomatic bone and the 
upper border of the zygomatic arcli. 

Dacrybn, The point of union of the auterosuperior angle of tlie lacrimal with the 
£ront*il bone and the frontal process ■ f the me' ’a. 

Pterion. The point A\liere the great wing of the sphenoidal boiiL* joins the sphenoidal 
ttTigle of the parietal. 

Stephanion. The point wliere the temporal line intersects the coronal suture. 

Auricular poinl. The centre of the orifice of the external aco isiic meatus. 

Supra-auricular point. A point on the posterior root f zygo-.ia, above tlu? middle 
of the orifice of the exteninl acoustic meatus. 

Asterion. The point of meeting of the lambdoidal. inasto-oc ipital, and mastoparietal 
sutures. 

The horizontal circumference of the cranium is ni ' .'iured in a plane passing through 
the glabella in front, and 4:he occipital - oint behin ’ : averages about 50 cm. in the 
female and 52*5 cm. in the male. 

The occipitofrontal or longitudinal arc is mea«!ured from the j‘asion over the middle 
line of the vertex to tlie opistiiion, whde th- hasinasal length is the distance between the 
basion and the nasion. These two measu. lents, ])lus tl.o anten £>ursierior diameter of 
the foramen magnum, represent the veriicc^ circumference ot the cranium. 

The length is measured from the glabella to the occipital point, while the hreadlh 
or greatest transverse diameter is usually found a little above and behind the opening 

of the external acoustic meatus. The proportion of breadth to length — 

is termed the cephalic indcjc or index of breadth. 

The height is measured from the basion to the br grna, and the proportion of height to 

length constitutes the veriiral or height index. 

® length 

In studying the face the principal points to be noticed are the proj)ortion of its length 
to its breadth, the shape of the orbits and of the anterior nasal aperture, and the degree of 
projection of the jaws. 

The length of the face is measured from the nasion to the chin, or, if th(‘ mandible be 
wanting, to the alveolar point; its width is the distanc*^ between the zygomatic arches. 
By comparing the length with the width of the face, skulls may be divided into two 
groups; dolichofacial (long-faced) and brao/ii//actal (short-faced). 

The orbital index signifies the proportion which the orbital height bears to the orbital 
width, thus : 

orbital height x 100 
orbital width 

( 

The nasal, index expresses the proportion which the width of the anterior nasal 
aperture bears to the height of the nose, the latter being measured from the nasion to the 
lower margin of the nasal aperture, thus : 

nasa l wi dth x 100 
nasal height 

The degree of projection of the jaws is determined by the gnathic or alveolar index, 
which represents the proportion between the basi-alveolar and basinasal lengths, thus : 


baai-alveolar length x 100 
basinasal length 
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The dental index is arrived at by comparing the dental length (i.e. the distance 
between the anterior surface of the first premolar and the posterior surface of the third 
molar tooth of the maxilla) with the basinasal length, thus : 

ilental leiigtj^x 100 
basiiiasai length 

The following table, modified from that given by Duckworth,* illustrates how some of 
these indices may be utilised in the classification of skulls : 


1nO£X. 

Cr.AssiFicA'noN. \ Nomenclature. 

Examples. 

1. Cephalic . ■ Below 75 . . . i Dolichocephalic 

i Between 75 and SO . | Mosaticephalic 

1 Above 80 . . . | Brachj’^cophalic . 

i ' 

Kaffirs and Native 
Australians 

Europeans and Clunese 
Mongolians and Anda- 
mans 

2. Orbital . i Below' 84 . . . Microseme . 

1 Beitwocn 84 and 89 . ' Me.soseme . 

: Above 89 . . , : Megaseino . 

= : 

Tasmanians and Native 
Australian.^ 

Euro|)cans . 

Chinese and Polyne- 
sians 

1 

! 3. Nasal . . ; Below' 48 . . . Leptorhiiic . 

j Between 48 and 53 . Mesorhine . 

1 : Above 53 . . . j Platyrhine . 

1 ! ! 

Europeans 

1 ilapaneso and Chinese 
Negroes and Native 
Australians 

1 4. Gnathic . 1 Below' 98 . . . \ Orthoguathous 

i 1 Between 98 and J03 . , Mesognathous 

1 I Above 103 . . . , Prognathous 

Kuroi)eans 

j Chinese and Japanese 

I Native Australians 


L _i 


Applied Anatomy. — Occasionally a protrusion of tbe brain or its membranes may take 
place through one of the sutures, owing to non-closure. AYhen the protrusion consists of 
membranes only, and is filled with cerebrospinal fluid, it is called a meningocele ; when it 
consists of brain as wrW as membranes, it is termed an enccphalocelc. Those malforma- 
tions are usually found in the middle line, and most frccjuently at the back of the liead, 
the protrusion taking place between the centres of ossification of the occipital squama 
(see p. 196). They generally occur through the upper part of the vertical fissure, which 
is the last to close, but not uneommonly through the lower part, when the foramen 
magnum may be incomplete. More rarely these protrusions are mot with in other 
situations, as in the sagittal, lambdoidal, and other sutures, or through abnormal gaps at 
the sides or base of the skull. 

The chief function of the skull is to protect the brain, and therefore those portions of 
the skull which are most exposed to external violence arc thicker than those which are 
shielded from injury by overlying nuiscdes. Tims, the skull-cap is thick and dense, 
whereas the temporal squairne, being protected by the Ternporales muscles, and the 
inferior occipital fossae, being shielded by the muscles at the back of the neck, are thin and 
fragile. Fracture of the skull is further proven tt^l by its elasticity, its roundt?d shape, 
and its construction of a number of secondary clastic an'hes, each made up of a single 
bone. The manner in which vibrations arc transmitted through the bones of the skull is 
also of importance as regards its protective mechanism, at all events as far as the base is 
concerned. In the vault, the bones being of a fairly equal thickness and density, vibra- 
tions are transmitted in a uniform manner in all directions, but in the base owing to the 
varying thickness and density of the bones, this is not so; and therefore in this situation 
there are special buttresses which serve to carry tlie vibrations in certain definite direc- 
tions. At the front of the skull, on either side, is the ridge which separates the anterior 
from the middle fossa of the base; and behind, the ridge or buttress which separates the 
middle from the posterior fossa ; and if any violence is applied to tbe vault, the vibrations 
would be carried along these buttresses to the sella turcica , where they meet. This part has 
been termed the * centre of resistance,’ and here there is a special protective mechanism 
to guard the brain. The subarachnoid cavity at the base of the brain is dilated, and the 
cerebrospinal fluid which fills it acts as a water-cushion to shield the brain from injury. 
In Uke^oaanner, when violence is applied to the base of the skull, as in falls upon the feet, 
the vibrations are carried backwards through the occipital cre.st, and forwards through 
the. basilar part of the occipital and body of the sphenoid to the vault of the skull. 

H Duckworth, Morphology and Anthropology, Cambridge University Press. 
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Fractures of the skull are. best considered as affecting either the vault or the base. 
Fractures of the vault^ generally involve the whole tliickness of the bone ; but sometimes 
the inner table alone is fractured, and portions of it driven inwards. Asa rule, in frac- 
ture of the skull, the inner table is more splintered and comminuted than the outer, and 
this is due to several causes. It is thinner and mo^re brittle; the force of the violence as 
it passes inwards becomes broken up, and is more diffused by the time it reaches the inner 
t>able; the bone being in the form of an arch bends ns a whole and spreads cut, and thus 
presses the particles together on the convex surface of the arch, i.r*. the outer table, and 
forces them asimder on the concave surface or inner table; and, lastly, there is nothing 
firm under the inner table to support it and oppose the force. Fractures of the vault may 
bo either simple, or starred and comminuted, and the fragments may be depressed or 
elevated. Cases of fracture with elevation of the fractured portion are uncommon, and 
can only be produced by direct wound. In comminuted fracture, a portion of the skull 
is broken into several pieces, the lines of fracture radiating from a centre whore the chief 
impact of the blow was felt; if the fracture is also depressed, a fissure circumscribes the 
radiating lines, enclosing a portion of the skull. If this area is circular it is termed a 
‘ pond ’ fracture, and has probably been caused by a round instrument, as a life-preserver 
or hammer; if elliptical in shape it is termed a ‘ gutter * fracture, and owes its shape to 
the. instrument which has produced it, as a poker. Fracture of the outer table alone 
may occur in the region of the frontal air-sinuses where the two tables are completely 
separated. 

Fractures of the base of ilie skull may be pi^Juced by indirect or direct 
violence. 

• 

I. In cases of the former ^dass the violence is applied to the vertex or some part of the 

cranial convexity, as when a person f.- Us from height on to his head and a fracture of 
the base results. The rnetdianism of this form of fracture was formerly explained by the 
doctrine of contrc-coup^ i.e. that the force w'as transmitted from one side of the skull to 
the other; but this view is no longer held, and there are at the present day tw'o th(*orics as 
to the mode of causation of these fractures, (a) According to Ara ’s theory of irradiation 
all fractures of the base are produced by a fissure, wbicl) starts +ron' the point of injury 
and radiates to the base. There can be little doubt th.^" .rjan^^ of fracture of the 

base, especially of the middle fossa;, .are caused in this bui it is insufficient to explain 
all, since instances have been met wi^b of fracture of the base ot ihe skull in which there 
has been no fracture of the vault, (b) explain these cases, another theory, known as 
the compression or bursting theory, has been sugget^ If a hollow, elastic sphere is 
compressed from above downw'ards, it \.j11 bulge h* lally, anJ, if the compression is 
sufficient, it will eventually burst in tlic situation where it bulges. Mow. the skull is an 
elastic sphere, and wlion compression is apphed to it, its diameter v iU bo reduced along 
the line of greatest pr.?.ssuro and will tiierc ^ . be increased in otlu r directions, and may 
increase to such an t^xtent that bursting occurs. In a hoilrav clastic spliero of uniform 
thickness, the bulging and subsequent bursiing take place at the equatorial line, midway 
between the two points of compression; bnt the sl ull is not of uniform thickness, and 
therefore the bulging and subsequent bursting take place at the weakest part. 

II. Direct violence may be applied to the base of the skull in sevt'ral different ways : 
by the impact of the vertebral column against the i'a’dyles of the occipital bone, in falls 
on the buttocks or foct; by the condyle of the mandibles being driven against the mandi- 
bular fossa, in blows or falls on the chin; bv the thrusting of a pointed instrument 
through the orbit or nose; by gunshot wounds through the inoutli; and by a fall or a stab 
on ihe back of the head. 

In the majority of cases the fracture is compound. The most common place for frac- 
ture of the base to occur is through the middle fv>ssa, and here the fissure usually takes a 
fairly definite course. Starting from the point struck, which is generally somewhere in 
the neighbourhood of the parietal eminence, it runs dowmwurds through the parietal and 
the temporal squama and across the petrous portion, frequently traversing and implicating 
the internal acoustic meatus, to the foramen lacerum. Fn^m this it may pass across the 
body of the sphenoid, through the sella turcica, to the foramen lacerum ci the other side, 
and may indeed travel round the wffiole cranium so as completely to separate the anterior 
from the posterior part. The course of the fracture explains the symptoms to which 
fracture in this region may give rise : thus if the fissure pass across the internal acoustic 
meatus injury to the facial and acoustic nerves may result, with consequent facial 
paralysis and deafness ; or the tubular prolongation of the arachnoid around these nerves 
in the meatus may be torn and thus permit of the escape of the cerebrospinal fluid should 
there be a communication between the internal ear and the tympanic cavity together 
with rupture of the tympanic membrane, as is frequently the case : again, if the fissiure 
pass across the sella turcica and the niucoporiosteum covering the under surface of the 
body of the sphenoid is torn , blood will find its way into the pharynx and he swallowed, 
and after a time vomiting of blood will result. Fractures of the anterior fossa, involving 
the bones forming the roof of the orbit and nasal cavity, are generally the result of blows 
on the forehead ; but fracture of the lamina cribrosa of the ethmoid may be a complicaUon 
of fracture of the nasal bone. When the fracture implicates the roof of the orbit, the 
blood finds its way into this cavity, and, travellnig forwards, appears as a subconjunctival 
ecchymosis. If the roof of the nasal cavity be fractured, the blood escapes from the nose. 
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111 rare cases there may be also escape of cerebrospinal fluid from the nose should the dura 
mater and arachnoid have been tom. In fractures of the posterior fossa, extravasation of 
blood may appear at tho nape of the neck, beneath the muscles attached to the superior 
nuchal line of the occipital bone. 

Deformities of the eindh — Local deformities of the skull are not rare in syphilis, 
taking the form of gummas which not infrequently break down and suppurate, and of 
periosteal thickenings which arc known as Parrot's nodes when they occur around the 
coronal and sagittal sutures in infants. General enlargement of tlie skull, producing 
characteristic deformities of various types, occurs in certain rare diseases such as ostitis 
deformans, acromegaly, and leontiasis ossea; it also is present in the much commoner 
disorders, rickets and hydrot'cphalus. In rickety cases the skull becomes enlarged from 
the formation of periosteal outgrowths of soft tissue on tho outer side of the skull. These 
deposits are very ricli in blood-vessels, and occur between the ridges of the cranial bones 
and their centres of ossification, and are symmetrically arranged — often about the anterior 
fontanelle. The anterior foutanelle itself, instead of closing between the 18th and 24th 
months, as it normally docs, remains patent in rickets until tho third or oven the sixth 
year. The general shape of the skull alters. The forehead is high and square, with 
prominent frontal eminences, and the head tends to be cubical or box-shaped; the 
enlargement of the head in rickets appears to bo greater I linn it rcalb'^ is beenuso the 
development of tlie facial bones is retarded. The base of the nose may appear sunken, 
from retarded development of the basis cranii. In marked cases of rickets these changes 
in the shape of the skull are permanent. In congenital hydrocephalus, or enlargement 
of the head due to the presence of excess of fluid in the ventricles of the brain, the 
cranium becomes globular, and its bones are thui and often w-idely separated. 

The tympanic antrum, .situated in the mastoid portion of the temporal bone, is often 
the seat of suppuration as a result of infection oxtending backwards from the tympanic 
cavity. In such oases, tlic surgeon has to open the antrum in order to give exit to the 
pus; this he docs by introducing his goug. in the biiprarneatal triangle (see p. 203). A 
line is drawn horizontally through tho upper bnrdtu* of the bony external acoustic 
meatus, and u second vertically through tho posterior wall of the meatus, and the gbuge 
is applied in the angle where tlicse two lines iuters(K*t ; if tho instrument be introduced 
at a higher level it will open the middle fossa of the skull. It is to be carried in the 
direction of tho external acoustic meatus — inwards, forwards, and a little upwards — for 
a distance of from I to 1*5 cm., when the anh'um will be reached. In some cases of 
middle-ear trouble, septic thrombosis of the transverse sinus takes place, and it becomes 
necessary to work backwards and explore the sinus. 

In connexion with tho bones of tho face a common malformutiou is cleft palate. The 
cleft usually starts posteriorly, and its most elementary form is a bifid uvula ; or the cleft 
may extend through tlie soft palate ; or the posterior part of the whole of tho hard palate 
may bo involved, the cleft extending as far forwards as the incisive foramen. In the 

severest forms, the cleft extends through the 
... alveolus and passes between the incisive or 
Fig. 369. — Ihe prenmxilla and its pr<»maxillary bone and tho rest of tho maxilla ? 
sutures fafter Albrecht l ^|,at is to say, between tho lateral incisor 

and canine teeth. In some instances, the 
cleft runs between the central and lateral 
incisor teeth: and this has induced some 
aTuatomists to believe that the premaxillary 
bone is developed from two centres (fig.. 359> 
and not from one, as w'as stated on p. 229. 
Tho medial segment, bearing a central incisor r 
is called an endognathion* the lateral seg- 
ment, bearing the lateral inedaor, is callbd a 
mesognathion, Tho clef t may affect one or both 
sides; if tho latter, the central part is frequently displaced forw'ards and remains united 
to the septum of the nose, the deficiency in the alveolus being complicated with a cleft in 
the lip (hare-lip). On examining a cleft palate in which the alveolus is not wnpliGated, 
the cleft will generally appear to be in the median line, but occasionally is unilateral and 
in some cases bilateral. To understand this it must be borne in mind that three processes 
are^ concerned in the formation of the palate — the palatine processes of the two maxillae, 
which grow in horizontally and unite in the middle line; and the ethmovomerine process, 
which grows downwards from the base of the skull and frontonasal process to unite with 
the palatine processes in the middle line. In those cases where the palatine processes 
fail to unite with each other and with the median process, the cleft of the palate is 
median; where one palatine process unites with the median septum, the other failing to 
do so, the cleft in the palate is unilateral. In some cases where the palatine processes fail 
to m€^ In the middle, the ethmovomerine process grows downwards between tiliem and 
thus produces a bilateral cleft. Occasionally there may be a hole in the middle line of tho 
hardpt^e, the anterior part of the hard and the soft palate being perfect; this is rare, 
becau^i^ as a rule, the union of the various processes progresses from before. backi^ar&, 
and ther^fojce the posterior part of the palate is more frequently defective than the 
anterior. 
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The bones of the faijo ai-o sometimes fractured as the result o£ direct violeiic»*. Those 
most commonly broken aw the nasal bones and the mandible; tbe latter is bv far the 
most frequently fractured of all the facial bones. Fracture of the nasal hone is for the 
modt part transveree, and takes place about V25 cm. from the free margin. The broken 
portion may be displaced backwards or more generally to one sido by the force which 
pi^duced the lesion. The zygomatic bone is probably never broken alone — that is to say. 
with6ut fracture of some of the other bones oi the face. Tbe zygomatic arch is occasion- 
ally fractured, and when this occurs as a result of direct violence the fragments may be 
displaced inwards. Fractures of the maxilla may vary much in degree, from the chipping 
off of a portion of the alveolar arch to an extensive comminution of the whoh» bone from 
sever© violence, as the kick of a horse. The most common situation for a fracture of tht> 
mandible is in the neighbourhood of the canine tooth, as at this spot the bone is weakened 
by the deep socket for the root of this tooth ; it is next most frequently fractured at the 
angle ; then at the symphysis ; and finally the neck of the condyle or the coronoid process 
may be broken. Occasionally a double fracture may occur, one in either half of the 
bone. The fractures are usually compound, from laceration of tho mucous membrane 
covering the gums. Displacement readily occurs and is clifficult to rectify ; it results in 
inequality in the line of the teeth and is commonly due to the muscles attached in the 
region of the symphysis dragging this portion downwards. 

Necrosis of dental origin, or as the result of syphiliN, is of frcq\ieiit occurrence in tho 
maxilla or the mandible ; it may also occur as the result ^ fumes of phosphorus in persourt 
engaged in tho manufactm’o of matches. In the maxilla cysts occur in the antrum. In 
either jaw they occur in connexion with ^he loet’i, those associated with uiieriipted teeth 
being oallbd dentigerous dijsls, and those iu connexion with the stumps of diseased 
teeth, dental cysts. Tumour^ inuo *ent or i .liguaji^, origin* te in either jaw. The 
results of distention of the ualls of tl)o maxilla»*y antrum by fluid or growth arc given 
on p. 227. 

In the operation of e.xcision of the maxilla, the central incisor tooth having been 
extracted, tho incision begun just below the medial eantlius of lu eye and passes along 
the side of tho nose round the ala and down the inidd’.^ line .»f tho upper lip into tho 
mouth, A second incision is made from the comn"'^nce;.j.‘nt of the first aloug the lower 
border of the orbit as far as the prominence of the zygomatic bor^. The flap thus formed 
is reflected, $o as to expose the bone. The periosteum attached along the lower margin of 
the orbit is now to be. incised, and the periosteum co^’cring Llx'. flexor of tho orbit is raised 
from the bone, for in all eases it is essent’al that this “ i )us la v r should not be removed. 
The mouth is now widely opened with a gag, and the iii.iooiis .mejiibrane covering the Lard 
palate incised down to the bone iu the middle Inie, and the soft palate separated fr.oin tho 
hard. Tho surgeon having first separated K.e ala of the nosr from bony attachment, 
proceeds to divide the connexions of the b< ». with the othev L ncs *' ' ' Ijc facf?. They arc 
(1) the junction with the zygomatic bone, the line of section being i-arried into tlic inferior 
orbital fissure; (2) the frontal process of the maxilla: a small portion of its upper 
extremity, connected with the nasal bone in frono, tho lacrimal bone behind, and the 
frontal bone above, being left; (3) the connexion w^h tho opposite maxilla and with the 
palatine, are broken through. Tlie bone is now firmly grasped and the remaining 
attachments of tlio orbital plate with tho ethmoid, and of the back of the bone with the 
palatine, are broken through. Occasionally, in rnnoviug the maxilla, it will be found 
that the orbital plate can be saved, and thi.:* she Id always bo done if possible. A 
horizontal saw-cut should then be made just below ttiC intraorbital foramen. 


THE EXTREJflTIES 

The extremities or limbs are four in number : superior subservient 
mainly* to prehensipn; and an inferior p^ir, intend^ for support and. loqo- 
mpti on.^ Both paifs are constructed after a common type, but certain functional 
Sfferences are observed betw'een them. 

The bones by which the upper and lower limbs are attached to the trunk 
constitute respectively the shoulder and pelvic girdles. The shoulder girdle 
or girdle of the superior extremities is formed by the scapulae and clavicles, and 
is imperfect in front and behind. In front, however, it is completed by the 
upper end of the sternum, with which the medial ends of the clavicles articulate. 
Behind, it is widely imperfect, the scapulae being connected to the trunk by 
muscles only. The peivic girdle or girdle of the inferior extremities is formed by 
the hip-bones which articulate with each other in front at the symphysis 
pubis. It is imperfect behind, but the gap is filled by the upper part of the 
saoxum. The pelvic girdle, with the sacrum, is a complete ring, massive and 
comparatively rigid, in marked contrast to the lightness and mobility of the 
shoulder girdle. 
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BONES OF THE SUPERIOR EXTREMITY 
Thb Scapula 

The scapula or shoulder-blade is a flat, triangular bone, with two surfaces, 
three borders, and three angles. 


Fio. 360. — Left scapula. Costal surface. 



The costal surface (6g. 360) presents a broad cavity, the vjbf ' ^fvhr / ci t m 
The medial two-thirds of the fossa are marked by several oblique ridges, 
which run lateralwards and upwards. The ridges' give attachment to the 
tendinous intersections, and the surfaces between them to the flei^y fibres, 
of Sqbscap ^itm : the lateral third of the fossa is covered by this muscle! 
The foitea is separated from the vertebral border by smooth triangular tureSiR 
at the medial and inferior angles of the bone, and in the intmvtit between 
the angles- by a narrow ridge ; these triangular areas and the intervening ridge 
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afford att^hment to the At the upper part of the fossa 

the bone is bent on itself along a line corresponding with the attached margin 
of the spine. 

The dorsal surface (fig. 361) is archcnl from above downwards, and is sub- 
divided into two fossae by a projecting plate of bone, the the portion 


Fig. 361. — Left scapula. Dorsal surface. 


(Joracohumenil Coraco'acromial Iwartient 



above the spine is called the su^praspin atous fossa, and that below it the infra- 
Hpinftto na fpaa a. The aupraspincUous foasa is concave and smooth ; its medial 
two-ffiS3i^e 0^*8?" Riipraapinatiia. The infraapinatoua fossa is much 

larger than the ^ec^mg ; ' towards its vertebral margin a shallow cooeavity 
is present at its upper part ; the central part is convex, while that near the 
oxwory border is deeply grooved. From the metUal two-thirds of the fossa 
the Twfrimninatns takes ; the lateral third is covered by this imnsde. 
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From the lower part of the glenoid cavity an elevated ridge runs downwai^ 
and backwards to>he vertebral border, about 2*5 cm. above the inferior an^e ; 
it gives attachment to a fibrous septum which, separates the Infraspinatus 
from the Te re^ jnaior and Texes nmor. The upj^r part of the surface between 
the ridge andthe axillary border is narrow ; it gives origin to the Teres minor, 
and is crossed by a groove for the passage of the spapular. cjTCMmflfiiy, y*»i***^^^ 
The lower part is somewKaT'ffiarigular - it gives origin to the Teres major, and 
over it the Latisaiinuadotsi glides ; frequently the latter muscle takes origin 
by a few fibres from this part of the bone. The two parts are separated by 
an oblique lino which runs downwards and backwards from the^'axiliary border ; 
a fibrous septum is attached to this oblique line, and separates the Teres muscles 
from each other. 

The spine is a triangular plate of bone, which crosses obliquely the medial 
four-fifths of the dorsal surface of the scapula at its upper part, and separates 
the supra- from the infraspinatous fossa. It begins at the vertebral border by 
a smooth, triangular area over which the tendon of insertion of the lower part 
of the Trays 2 m^.« 8 ^des, and, gradually becoming more elevated, ends in the 
acromion, which overhangs the shoulder-joint. It is flattened from above 
downwards, and its apex is directed towards the vertebral border. It has 
two surfaces and three borders. Its superior surface forms a part, of tjie supra- 
spinatous fossa, and gives origin to a portion of the Supraspinatus. Its inferior 
surface forms part of the infraspinatous fossa, gives origin to a portion of the 
Infraspinatus, and presents near its centre jthe orifice of a nutrieint; canal. The 
anterior border is attached to the dorsal surface of the bone. The posterior 
border^ or crest of the spine, is broad, with two lips and an intervening rough 
surface. The Trapezius is attached to the lateral threc-fpurths of the superior 
lip, and a rough jfuberc le is generally seen on the medial portion of the crest 
for the tendon of insertion of the lower part of this muscle ; the Deltoideus 
is attached to the whole length of the inferior lip ; the area between the lips 
is subcutaneous and partly covered by the tendinous fibres of these muscles. 
The lateral border or base, the shortest of the three, is thick and slightly concave ; 
it is continuous above with the under surface of the acromion, below with the 
posterior surface of the neck of the scapula. It forms the medial boundary 
of the gzeM scupuktr^ no ^^ , w^hich connects the supra- and infraspinatous 
fossae. 

The acromion is a large triangular or oblong process which projects at 
first lateralwards from the spine, and then curves forwards and upwards, so 
as to overhaCng the glenoid cavity. Its superior surface, directed upwards, 
and slightly backwards and lateralwards, is subcutaneous. Its inferior surfaces 
is smooth and concave. Its lateral border is thick and irregular, and presents 
three or four tubercles for the tendinous origins of thcT Deltoideus. Its medial 
border, shorter than the lateral, is concave, gives attachment to a portion of the 
Trapezius, and presents near its anterior extremity a small, ovaL surface for 
articulation with the acromial end of the clavicle. Its apex, which corresponds 
to the point of meeting of the lateral and medial borders in front, is thin, and 
to it the fiorfif*n>ft.nrQmia1 li g rp,i;^p nt is attached. 

Of the three borders of the scapula, the superior is the shortest and thinnest ; 
it is concave, and extends from the medial angle to the base of the coracoid 
process. At its lateral part is the scapular notch, formed partly by th \3 base 
of the coracoid process. This notch is epnverted into a foramen by the spp^rio r 
transver^ jc^jtUar. ljg§;ment, and transmits the su pyagG^ pIfl^ r pgyyfi ; some- 
tSfies^e ligament is ossified. From the adjacent part of the"su|)ierior border 

Qp iobyoidep s takes qgigKn. The axillary border (fig. 362) is the tUck^st ; 
it be^Ssabove at the lower margin of the glenoid cavity, and raxik6 downwards, 
and backwards to the inferior angle. Immediately below the glenoU cavity 
is a rou^ impression, the infra^'Qp^ about 2*5 cm. length; 

which, gives origin to the long h ead of ; ih front of this 

ajofigitudinal groove extends asTar S'lIielowOT thirat^his border, and affords 
odghi' to ^rt of the Subscapularis. The inferior thud is thin and^^sei^^ : 
for ia^^hment' of a few fibres of the Teres major behind^ oi^ Of the $ub- . 

scapmidm; ilk front. The vertebral border is the longest and extends frpm 

inferior angle ; it is bent so that i^e po^pn above the spine 
foi^ In angle with the part beloa^.;^ It gives mpKtttion to 
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BcapuJ^above the triangiriar surface at the apex of the spine, to the Mqki. 

®dge of that surface, and to the Rhoniboid^ttfiL maior 
below it ; the laat muscle is usually attached by means of a fiferous arch 
connected above to the lower ’ 


part of the triangular sur- 
face at the aujsx of the 
spine, and below to the lower 
of the border. 

Of the three angles, the 
medial, at the junction of 
the superior and vertebral 
borders, is thin, smooth, and 
rounded; it gives attach- 
ment to a few fibres of the 
Levator soapulse. The in- 
ferior angle, thick and rough, 
is formed by the union of 
the vertebral and axillary 
borders ; its dorsal surface 
gives origin to the Teres 
major aifd frequently to a 
few fibres of the Latissimus 
dorsi. The lateral angle is 
the thickest part of the bone, 
and is sometimes called 
the 

On it is a shallow pyriform, 
articular surface, the gli ^^o id 
cavi^ (fig. 362), which looks 
lateralwards and forwards 
and articulates, with the 
head of the humerus ; it is 
broader below than above 
and its vertical diameter 
is the longer. To its mar- 
gin is attached a fibro- 
cartilaginous lip, the 
qidal l^b^r um. which deepens 
the cavity. At its apex is 
a small elevation, the 
glgynd^Jadi^^ to which 
the lon^ heal of 
br^hii IS attaimed. 

The neck of the scapula 
(collum scapulas) is the some- 
what constricted part of the 
bone which immediately sur- 
rounds the g}enoid cavitv, 
and separates it superiorly 
from the base of the coracoid 


Fig. 362. — Left scapula. Lateral view. 
Supraglenoid tiiberch. 



process; it is more distinctly marked below and behind than above and 
in front. 


The coracoid process is a thick curved process attached by a broad base 
to the upper part of the head of the scapula ; it runs at first upwaids, forwards, 
and me^alwards ; then, becoming smaller, it changes its direction, and projects 
forwards and lateralwards. The ascending portion is flattened from' brfore 
badkwaids, and presents in front a smooth concave surface, across which the 
Subscapularis passes. The horizontal portion is flattened from above down* 
w^efe ; : its . upper surface is convex and irregular, and gives attachment to 
the P^&tora^ minor ; its under surface is smooth ; its medial and lateral 


borders are rough— the former gives attachment to the Pjj jctora lia. minor and 
the latt^ to the AhfTAftn-aftrgymfil ligfim?Tit • the apex is embraced by the 
conjoined teiidon nf n yig i|r ^ . thn and t i ib i ffr t han d nf 
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brachii, and gives attachment to the On the medial 

part of the root of the coracoid process is a rough impression for the attach- 
ment of the „qonoid Jiganient ; and running from it obliquely forwards and 
laterahvards, on to the upper surface of the horizontal portion, is an elevated 
ridge for the attachment of the tr^pqjsoid ligament. 


Fig. 363. — Plan oi ossification of the scapuJa. From seven centres. 



Structure. " -The head, processes, and thickened parts of the bone contain spongy 
substance ; tlic rest consists of a thin layer of compact bone. The central part 
of the supraspinatous fossa and the greater part of th(i ijifraspinatous fossa arc 
thin ; occasionally the bone is found wanting in these situations, and the adjacent 
muscles are separated only by fibrous tissue. 

Ossification (fig. 363). — The scapula is ossified from seven or more centres : 
one for the body, two for the coracoid process, two for the acromion, one for the 
vertebral border, and one for the inferior angle. 

Ossification of the body begins in the eighth week of fa*tal life, and the centre 
spreads to form an irregular quadrilateral plate of bone, immediately behind the 
glenoid cavity. This plate extends so as to form the. chief part of the bone, 
the spine growing up from its dorsal surface about the third month. At birth, the 
glenoid cavity, coracoid process, acromion, vertebral border, and inferior angle 
are cartilaginous. Ir the first year of life, ossification begins in the middle qf the 
coracoid process, and this process joins the rest of the bone about the fifteenth 
year. Between the fourteenth and twentieth years, ossification of the remaining 
parts usually takes place in the following order ; first, in the root of the coracoid 
process ; secondly, near the base of the acromioigy thirdly, in the inferior angle 
and. contiguous part of the vertebral border; fourthly, near the extremity of the 
scrormo^ ; fifthly, in the vertebral border. The base of the acromion is formed 
by extension from the spine ; the two separate centres^ of the acromion unite, 
and, then join with the extension from the spine. The upper third of the ^enoid 
cavi^ ia;pstiified from a subcorac( id centre, which appears between the tenth and 
irf^eventh^and joins between the sixteenth and the eighteenth years. Further, an 
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epiphysial plate appears for the lower part of the glenoid cavity, while the tip of 
the coracoid process frequently presents a separate centre. These various epiphyses 
are joined to the bone oy the twenty-fifth year. Failure of bony union between 
the acromion and spine sometimes occurs, the junction of these two parts being then 
effected by fibrous tissue, or by an imperfect articulation. 

Applied Anatomy , — Fractures of the body of the scapula are rare, owing to the 
mobility of the bone, the thick layers of muscles by which it is encased, and the elasticity 
of the ribs on which it rests. Fracture of the neck is also uncommon . The moE t frequent 
course of a fracture is from the scapular notch to the infraglenoid tuberosity, and it 
derives its principal interest from its simulation of a subglenoid dislocation of the 
humerus. The diagnosis can be made by i\oting the alteration in the position of the 
coracoid process. The acromion is more frequently broken than an^^ other pjirt ol 
the bone, and fibrous union is very liable to follow. 

The presence of ‘ winged scapulae ’ (scapului alatic) described in thin persons of feeble 
muscular development in whom the lower angles of the scapulas project unduly, is due, 
partly to abnormal roundness of tlie thoracic wall (‘ barrel -shaped chest,’ p. i92), and 
partly to weakness and fiaccidity of the Latissimiis dorsi and Serratus anterior. The 
shoulders are held low in these subjects, and the clavicles slope downwards and forwards, 
carrying with them the scapuhe, which fit ill to the poster!. >i* wall of the chest and so teud 
to project from it. 

Tumours of various kinds grow from th^* .^cariula. Of tue innocent form probably tlie 
osteomatf^are the most commori. When a*) os.ooma grows from the costal surface of the 
scapula, as it sometimes does, it is of th' compact variety, such as usually grows from 
membrane-formed bones, as th<' bone.- of the f • • ^1. Sarcomatous tumours sonictimes 
grow from the scapula, and may necessitate: removal of the bone, with or without amputa- 
tion of the upper limb. The bone may be ex -ised by a T-shaped incision, and the 
flaps being reflected, the r(;mov.al is commenced from the vertebral border, so that tbo 
subscapular vessels which lie along the axillary bordc'i* are amor st the last structures 
divided, and can bo readily secured. 


The Clavicle (Clavicttla) 

Tho clavicle or collar-bon« (figs. .364 and articulates medially with 
the manubrium aterni, and laterally .vith the a ‘ iiiion ol the scapula.* It is 
a long bone, and is placed nearly horizontally at the upper mid anterior part 
of the thorax. It is curved somowba. like the italic letior / presenting a 
double curvature, with a convexity for a , mIs at tho stenial't‘ji < and a conca vity 
forwards at the acromial end. Its laUnal third is fiattciied. whilst its medial 
two- thirds arc of a rounded or prismatic form. 

The lateral third has two surfaces, an u})pei* and a lower ; and two 
borders, an anterior and a iiosterior. The upper surface is flat and rough ; 
it affords attachment to tho ‘Deltoi^us in limit, and tho Trapezius b^^liind : 
between these a small portion of ttio bone is subentanoous. The under surface 
is flat ; at its posterior border, near the juiictu i of the prismatic and flattened 
portions of the bones is a rough oniinenco, the girapaid. tuberosity (conoid 
tubercle) ; tliis overlies the coracoid proc*'ss of tlie sca]>ula, and gives attach- 
ment to the cqnqiti ligament. From this tuberosity, the oblique or trajiezoid 
ridge runs forwards and lateralwards, and affords attachment to the trapezoid 
l igame nt. The anterior border is concave, thin, and rough, and gives origin to a 
poiTtoh of the Deltoideus ; at its medial part there is frequently a tubercle, the 
deltoid tubercle. The posterior border, convex, rough, and thicker than tlie 
anterior, gives insertion to a part of tho Trapezius. 

The medial two-thirds constitute tho prismatic portion of the bone, which 
is marked by three borders, separating three surfaces. The anterior border 
is continuous with the anterior border of the flat portion. Its lateral part is 
smooth, and corresponds to the interval between the attachments of the Pecto- 
ralis major and Deltoideus ; its medial part forms the lower boundary of an 
elliptical surface for the attactnnent jjt.the,^ portion pf the.Pectoralis 

superior fto/dcr te-continuous with the posterior border of the flat 
and separates the arrorior from the posterior surface. Smooth and 

* The clavicle acts especially as a fulcrum to enable tho muscles to give lateral motion to 
the arm. It is accordingly absent iii those animals whose fore-limbs are used only for ptfogrosaion, 
but is present for the most part in animals whose anterior extremities ai'e clawed, itnfi used for 
prehension, thou^ in some of them— as, for instance, in a large number of the oarnivorar-- 
& is merely a rummentary bone suspended among the muscles, and not artiealatipg with either 
the, scapula or sternum. 



272 OSTEOLOGY 

rowded laterally, it becomes rough towards the medial third for the attacii>^ 
ment of the and ends at the upp^ angle of the sternal ; 

«tremity. The separates £he posterior from the y 

i^erior suiface, and extends from the coracoid tuberosity to the costal tubero- . ^ 
sity ; it forms the posterior ^boundary of the groove for the Snb<>^Yii.P»T and 
gives attachm^njtv to a layer of cervical iaacia ivbich ej^ivelops the Omohypideus. ! 
The anterior surface is between the superior and anterior borders. Its lateral ' t 
part looks upwards, and is continuous with the superior surface of the flattened’ . 
lK)rtion;; it is smooth, convex, and nearly subcutaneous,^ being C2yj5j;<ai™Q9Jyjfcj^ 
^JJiCiJ^tysma. Its medial part is divided by a nan*ow subciitanS)us regiote^;; 
into two areas ; a lower, elliptical in form, and directed forwards, for the'^ 
attachment of the Pectoralis major; and* an upper, for the attachment of ‘ 
the Sternocleidomastoideus. The posterior or cervical surface is smooth, 


Fki. «J04. — Left clavicle. Superior surface. 



Fii». 305. — Left clavicle. Interior .surface. 



and looks backwards towards the root of the neck. It limitt^, abbve, by 
the superior border ; below, by the subclavian border f mediaUy, by the 
margin of the sternal extremity ; and laterally, by the coracoii| ffUbetosity. 
It is in relation lyitb the transverae scapalas-tcesa^, and, the junction o{ 
thejouxes of the bone^ with tbft.brjinhial p1ftxuafOlnety!6a,jffd.^ 
yei^B. Near the stmml extremity, it gives attachment to part of tne^jjygoor 
hyaaoeus ; and near middle is ' a loranien directed lateralwruds, which 
transmits jittery into the bode. A sec ^d.nfl^^ t ior^em may 

bo present on this, or on the inferior, surface, Ine. injfenor oir^suWatriaft 
aurface is between the anterior and subclavian borders. ‘ It is narrow medially,- 
but greulually increases in width laterally, and is continuous with the .under 
surface of the flat portion. Oh its medial part i8,a..rong}]i area, the 

(illombaidiihpM^ rather more than S e|jUin lei^th, iqc the attao^ent 

* The rest of- thfi-kurfade is grooved, 'and. giyes 

toenol^' 


Udibn Stdxdavius muscle ; the | f snlihi to 

pe and is attached to the margins of tbp groove, a . ' ' 


ins^^j 
..tlie;ntn 

, extremity o^' the 'clavicle i'8.,triang®ar.in form, directed - 

.. (md yt little downwards and forwards ; it presents aa-artiodiar;; 

b^orelhaekwards, convex from a^7e dOm'wiii^y 


■ ^ of the fit^oolavicula^r joiiit. The lower 

ie cojhtiktuw 6ti ^ the ^erior surface of the boue as a small 
Jhmi^oval aireft f or artici^ation "mm the ^rtilage of the first rib. The circum- 
- Terence of the a^rtietllar surface > is rbi:|gh for the attachment of ligaments ; 
l^the "PP^ anil^k Lmagcniir, pn tra attachment to^the 

Vart^^.iiMg:aw ^ /-4 -v ■ 

^0 acromiol extremity presents a small, flattened, oval surface directed 
hlightly downwards, for articulation with the acromion of the scapula. The 
:U|^r margin of the facet is rough for the attachment of the ai^rjSJ^icda^ 
'"’tittJftent. ■'’ 


. In the female, the clavicle is generally shorter, thimier, less curved, and 
jtmoother than in the male.* In* the mole the acromial end is on a level 
Vith, dr slightly higher than, the sternal end*; in the female the acro'mial 
, end is h little below the level of the sternal end. In persons who perform 
^ considerable manual labour the clavicle becomes thicker and more curved, and 
its ridges for muscular attachment more prominently marked. 

* Structure, — ^The clavicle consists of spongy substance, enveloped by a layer 

• of comp^t bone, which is much thicker in the intermediate part than at the 
extremities of the bone. 


Ossiflcaiion, — The clavicle begins to ossify before an . other bone in the body : 
it is os8ifi<?d from (a) two primary "^centres, a uedial and a lateral, for the body,t 
^ which appear during the fifth or sixth week of f cetal life and fuse about the forty- 
fifth day ; and (6) a secondary centre for the st ' ' ual end, which appears about the. 
eighteenth or twentieth year, and unites with the body of the bone about the 
twenty-fifth year. 


In a 14 mm, embryo the future clavicle it represented by a ban<l of connective tissue 
wldch extends from tlie acromion cif the scapula to tlie tip of*^^he first rib f'.nd is continuous 
with the rudiment of the sternum. In this band a m iial and a lateral mass of ' pre- 
‘ cartilage ^ is develoned» and in tho' adjacent ends of these massoc the two centres for 
the body of the bon^appear and soon^Tvse with each other. The stomal and acromial 
ends of the precartilaginous mi^sea are converted into ca tilagc find into this the ossifica- 
tion of the body of the bone extends. 

Applied Anatomy , — The clavicle is ve ’y fiequently fi’accurod, sinto it is much exposed 
to violence,' and iq the only bony connexion between the upTior limb and t)<e trunk, acting 
as a buttress to keep the-poitit of the shoaM'**< iway from the tliorax, it is*, n.oreover, 
slender, and is very superficial. It may bo I/. ' on by direct or indir * * violence. The 
. most common cause is, however, indirect violence, as the result of I’orce applied to th,o 
hand or shoulder, and the bone then gives way at the junction of lateral with its inter- 
mediate tiiird, that is io’sav, at the junction of the two curves, for this is its weakest part. 
, The fracture is generally oblique, and the displaccmeu'. of the lateral fragment is down- 
wards, forwards, and medialwards. The deformity is mainly due to the weight of the 
arm acting upon the fragment when the buttress-like a *tion of the bone is gone, assisted 
by the muscles wliich pass from the thorax to the upper extremity. The medial frag- 
ment, as a rul^, is little displaced. The main Vv^sseh of the upper limb and the great 
nerve-cords pf the brachial plexus lie beneath the bone on the first rib and are liable to be 
wounded, especially in fracture from direct violence, when the force of the blow drives 
the bbokejqf ends inwards. Fortunately the Subdiwius intervenes between thcso^struc- 
tures and the clavicle, ^nd often protects them from injury. 

The claViclp isi occasionally the seat of sarcomatous tumours, rendering the operation 
of exciilion of the entire bone necessary. This is an operation of considerable difficulty 
apd 16 -b®6t performed by exposing the bone freely, disarticulating at the 

aernmial lend, and turning it forwards. The removal of the lateral part is comparatively 
easy/ but, resection of the medial part is fraught with difficulty, the main danger being 
the .risk.dE wounding the great veins which are in relation witlvits deep surface. ^ , 

^^0reat deformity of the clavicle may bo met v^itU in rickets, the natural curvatures of 
ibis boxijB ejtftggeyated until it takes an S shape, and ‘ green-stick ’ fracture is not 


*iP. aad Physiology, vol. li.) gives 163 ram. as the average 

.. te;ugth efthd ihalb olaviole^ and 138 mm. as the average length of the female clavicle. 

IWO; Fawcett, of Andfamy and 
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The Hitmeexts 

The humerus (figs. 367 and 368), the longest and largest bone of the upper 
limb, is divisible into a body and two extremities. 

The upper extremity consists of a large rounded head joined to the body 
by a constricted portion called the neck, and two eminences, the greater and 
lesser tubercles. 

The head (fig. 366), nearly hemispherical in form, is directed upwards, 
medialwards, and a little backwards , it artictdarc.^^' with the glenoid cavity of 
the papula. The circumference of its articular surface is sU^tly constricted, 
and is termed the anatomical neck, in contradistinction to a constriction below 
the tubercles called the surgical neck which is frequency the seat of fracture. - 



The anatomical nec tus an obtuse angle with the body and is best marked 
in the lower half of its circumference ; in the upper half it is represented by a 
narrow groove separating the head from the tubercles. It affords attachment 
to the articular capsule of the shoulder-joint, and is perforated by numerous 
foramina for the transmission of blood-vessels. 

The greater tubercle is situated laterally to the head aiid lesser tubt'rcle. 
Its upper surface is convex and marked by three impressions ; the highest of 
these gives insertion to the Supraspinatus ; the middle, to the Infr^s^spio^tus ; 
the lowest one, and the bone for about 2*5 cm. below it, to the Tere« 

The lateral surface of the greater tubercle is convex, rough, and continuous 
with the lateral surface of the body. 

The lesser tubercle, more prominent than the greater, is situlbted in 
front, and is directed forwards and medialwards. On its upper and front part 
is an impression for the insertion of the tendon of the Si^sg^ula:^. 

The tubercles are separated from each other by the 
(bicipital groove), which lodges the long tendon of the LiQ^p9 braoWi, transmit'* 
a "branch of the anterior humeral circumflex artery to the shouldee^joint, am 
gives insertion to the tendon of the Latissimus dorsi. The sulcus diminishe*^ 
in depth as it descends, and, near the junction of the upper with the middle 
tlurd of the bone, is continuous with the anteromedial surface. The lips of 
the sulcus are called, respectively, the tuimeks 

(bicipital ridges), and form the upper parts of the anterior aud. medial borders 
of the body of the bone. ^ 

Tto^^dy or shaft, almost cylindrical above, but pi^matic and flattened 
below^ has three borders and three surfaces. ^ 

The anterior border runs from the front of the gieater tuber'ete to the coronoid 
aQd;s^>arates the anteromedial from the anteroS^ral surface^. Jts upper 
|>att,:tli^ crest of the greater tuberc^ serves for the insertion of ten 
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Fig. 367. — Left huinenis. Anterior view. 
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ot the /Btiotilfcyfttti wMjor. 
forms the anterior botiih^arj^^lof the48ttQiA 
; its loww part is smooth 
and rounded, and affords attaohment to 
the Biainhifths. 

The lateral border runs from tha h^k 
of the greater tubercle to the. lateral 
epicondyle, and separates the ,anterb* 
lateral "from the posterior surface. Ife , 
upper half, rounded and indistinctij’* 
marked, gives insertion to the lower part 
of the TPeres minor, and Origjn^Agi^^ 
lateraLJbfiiad . \ . its 
mid^e part is traversed by a shallow' 
oblique depression, the 
(muaculospirai^^foove). Its lower part 
forma a prominent rough margin, the 
hierjBdjy^racmd^^ lUdgc, which is curved 
forwards, and gives attachment to the 
lateral iptermi^qu^ fty septum. The proxi- 
iMrfwo-thirds of this ridge giVe origin 
to the tho distal third, 

to the Exte rior . carni jadialLa longus. 

The medial border extends from the 
lesser tubercle to the medial epicondyle 
and separates the anteromedial from the 
posterior surface. Its upper part, the crest 
of the lesser tubercle, gives insertion to 
the temdon of the major. About 

the middle is a slight impression for the 
insertion of the Gp^cc^Jbra chialis . and just 
below this is the nutliu^^nanal, directed 
downwards ^ sometimes there is a second 
nutrient canal at the commencement of 
the radial sulcus. The inferiojt third 


forms the medial^ 

w^hich gives attachment to the medial 
intermuscular septum, and is prominent 
below. 

The anterolateral surface is directed 
lateralwards above, where it is .smooth, 
rounded, and covei^ by the Beltoideus ; 
forwards and lateralwards below, where it Is 
slightly concave from above do'^waiKfe, 
and gives origin to part of tho Brachialis. 
About the middle of this surface , is a 
rough elevation, triangular in shajpe wdth 
the apex below, the deUoid ipt 

the insertion of the Deltddeu s : 
this is the* sulcus nervi ' radians, wMch is 
directed from behind, forwatds, and dbwn^ 


wards, and transmits the 

than the antorolateriali 

wards above^ ^otwards and i^aedij^we^^ 

below ; its upj^r part, whj^..fe 

forms the mor rf rite 

sulcus and g|yes;:jp^^jon 

of the Latisrfr^^ 


Mpwr^ of' 


'ihsertion‘.';-i^ ; 


ot' some. 
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loyf^er'pad^ J^.tinibot^ concave from abbve downwards, and give^ origin to the 
Braohi|tlis«* * / 

, TCbe posteriot ^rfacB appears somewhat twisted, so that its upper part is 
directed a little medialwards, its lower part backwards/ Nearly the whole 
of this surface is covered by the latfejal the Triccpa^hrachh) 

the fonUer arising above, the latter below the radial sulcus* 

V The lower esitremity (fig. 369) is flattened from before backwards, and 
curved slightly forwards ; it ends in a broad, articular surface which is divided 
into two paxts bj^ a smooth ridge. Projecting on either side, at a higher level 
ihan the articular surface, are the lateral and medial epicondyles. The articular 
4mface iB, curved slightly forwards, and its medial extremity is lower than 
tilie lateral. The lateral portion of this surface is a smooth, rounded eminence, 
named the of the humerus; it articulates with the cup-shaped 

depression on/Efie ndad of the rkdius, and is limited to the front and lower 
part of the bone. On the medial side of the capitulum is a shallow groove, 
in which the medial margin of the head of the radius is received ; above the 
front part of the capitulum is a small depression, the..r(ujfig?/o^i9U, which receives 
the anterior border of the head of the radius, when the forearm is flexed. The 


Fig. 369. — oxtremii^' of Ic fLbuniorns, from below. 



medial portion of the articular surface is nt^med the iwcMm or pulley ; it 
articulates with the semilunar notch of the ulna. Its central part consists of 
a deep groove which winds spirally from before backwards and lateralwards 
round the lower end of the bono ; the groove is deeper behind where it expands 
to occupy the whole width of the trochlea. The medial margin is prominent, 
and forme about two«bhirds of a circle, and the .tdiacent portion of the articular 
surface is convex on the front and lower part of the bone ; on the posterior 
surface the convexity disappears. The lateral margin is rounded in front 
and below, where it is separated from the capitulum by a groove which receives 
the margin of the head of the radius ; posteriorly the lateral margin of the 
trochlea Js sharp and prominent. Above the front of the trochlea is a depres- 
sion, the cq^onoid fossa, which receives the coronoid process of the ulna when 
tho forearm is flexed, and above the back of it is a deep triangujar depression, 
in which the summit of the olecranon is received when the 
farearmliTe^iia ' Those fosses are separated from one’ .another by a thin 
lamina of bone, which is sometimes perforated by the sj/i^ptaiwchlear foramen ; 
they are, lined in the recent state by the synovial stratum, and their marguis 

* A book-Bbsped process of bono, the yawing from 2 mm. to 20 mm. 

in length* is not infrequently found projecting from the anteromodial surface of the body of the, 
humeral 5 cm. above the medial epicoudyle. It is curved downwards and forwards, and itS' 
p^ted'end is oohnbcled to the medial border, just above the epicondyle, by a fibrous band 
which ^vtis otMfi to a portlon^of the Pronator teres ; through the arch complete by this fibrous 
l^d t^O'inedm perVe and bKhehia} artery pi^s, when these structures deviate from their usual 
course. ' Somettmes the nei^e alone is transmitted through it, or the nerve may be aceoxhpanied 
% the utfiar ai^'te^, in oases of divii^ion of the branniah A well-marked groove is usnatly 
fou^ jb^diihd the p^esa» in Wbioh the nerve and artery are lodged. This arch la the homologae 
of the svqiraOOnd^id foismen found in many animals, and probably serves in tteh to pit^t 
. tfe/hervo ami ai^ty ^coh oompr^on during the oont^tion of the mueolea^ih thii region. , 
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afford attachment to the fibrous stratum of the articular capsule of the elbow- 
joint. The lateral epicondyle is small and tuberculated, and curved a little 
forwards ; it gives attachment to the radial^ppJlateral.llgm^ 
jpint and to a tendon common to the origin of the Supinatw aud.iQmhj6f.i;he 
extensor muscles o^ the forearm. The medial epicondyle, larger and more 
prominent than the lateral, is directed a little backwards ; it gives attachment 
to the ulnar collateral ligament of ^the. dbow-joint, to the Prpnatpi^J^aces, and 
to a common tendon of origin of some of the %xor m^clw of tjj^^iorearm ; 
the ulnar lierve and posterior ulnar recuirent'mpfery run in a ^oove (sulcus 
nervi ulnaris) on the back of this epicondyle. The epicondyles are continuous 
above with the supracondylar ridges. 

Structure. — The extremities consist of spongy substance, covered with a’ thin 
layer of compact bone (fig. 370) the b9dy is composed of a cylinder of compact 

bone, thicker at the centre than towards 
the extremities, ^nd contains a large 
medullary canal which extends along its 
whole length. 

Ossification (figs. 371, 372). -The 

humerus is ossified from eight centres, one 
for each of the following parts : the body, 
the head, the greater tubercle, the lesser 
tubercle, tlie capitulum and lateral part of 
the troclilca, the medial part of the trochlea, 
and one for each epicondyle. The centre 

t )r the body aY>pears near the middle of the 
one in the eighth Veek of fmtal life, and 
gradually extends towards the extremities, 
which at birth are cartilaginous. Duiing 
the first year, occasionally before birth, 
ossification begins in the head of the bone, 
during the third year in the greater tubercle, 
and during the fifth in the lesser tubercle.. 
By the sixth year the centres for the head 
and tubercles have joiped to form a single 
large epiphysis, which fuses with the body 
about the twentieth year. The lower end 
of the humerus is ossified as follows. At 
the end of the second year ossification 
begins in the capitulum and extends medial- 
wards to form the chief part of the articular surface ; the centre for the medial part . 
of the trochlea appears about the twelfth year. Ossification begins in the medial 
epicondyle about tbe fifth year, and in the lateral about the thirteenth or fourteenth 
year. The centre for the lateral epicondyle fuses with those for the trochlea and 
capitulum and the epiphysis thus formed unites with the body about the sixteenth 
or seventeenth year ; the medial epicondyle unites with the body about the 
eighteenth year. 

Applied Anatomy , — The upper end of the humerus, though the first to o®»sify, is the 
last to join the body, and the length of the bone ib mainly due to growth from the upper 
epiphysial plate. Hence, in cases of amputation through the arm in young subjects, the 
hiiTucrus continues to grow considerably, and the lower end of the bone, which immedi- 
ately after the operation was covered with a thick cushion of soft tissue, begins to project, 
thiuning the soft parts and rendering the stump conical. This may necessitate the 
removal of about 5 cm. of the bone, and even after this operation a "recurrence of the 
conical stump may take place. The region of the upper epiphysis is a common site for 
the growth of tumours, both iniuxsent and malignant. 

Fractures of the humerus are common. The bone may be broken by dii*ect or iudireot 
violence, like the other long bones; but, in addition to thi.s, it is probably' mote frequently 
fractured by muscular action than any other bone of this class, it is usually the body of 
the bone, just below the insertion of the Deltoideus, which is thus broken, and the 
accident, lias been known to happen from thi’owing a stone. Fractures of the upper end 
may ,t#ke place either through the anatomical or surgiesa’ neok> ot a separation of the 
grcateii^tuforcle may occur. Fracture of the anatomical neck, is a very rare accident; in 
it is doubted by some whether it ever occurs. Fracture of ’the surgical neck of the 
bc^ ia not uncommon , and impaction may occur ; on the other hand , the upper end of the 
-I^Slgment may be displaced into the axilla and may damage the vessels or nerves. 


Fig. 370. — Longitudinal section of 
head of left humerus. 

fjpiphysia! line 
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The fracture somewhat closely simhlates dislocation of the shoulder- joint, but^can be 
distinguished by the fact that the head of the bone remains in its normal position and the 
great tubercle still forms the most prominent point of the shoulder. Separation of the 
upper epiphysis sometimes occurs in the young subject, and is marked by a charactcristio 
deformity, consisting in the presence of an abrupt projection at the front of the joint a 
short distance below the coracoid process, caused by the upper end of the diaphysis. In 
fractures of the body of the humerus the lesion may take place at any point, but appears 


Fio. 371.- -Plan of ossification of the 
humerus. 


Fig. 372. — Epiphysial lines tif hunienie 
in a 3 ^oung adult. Anterior aspect. 


Epiphyses of head a7id\ 
ivJSercles blend at I 
fifth year, and unite 
with body *at twen 
tieth year 








The hues of attachment of the articular 
c^iptiulea aro in bluo. 


to be more common in the lower than the upper part of the bone. The points of interest 
in connexion with these fractures are : (1) that the radial nerve may be injured as it lies 
in the groove on the bone, or may become involved in the callus wdiich is subsequently 
thrown out; and (2) the frequency of non-miioii, which is believed to be more common 
in the humerus than in any othef bone. In fractures ol the lowxr end it is important to 
distinguish between those that involve the elbow-joint and those that do not; the former 
aro always serious, as they may lead to impairment of tiie utility of the limb ; they include 
the T-shaped fracture and oblique fractures which involve the articular surface. Those 
which do not involve the joint are the transverse fracture above the epicoodyles, and the 
so-called epitrochlear fracture, where the tip of the mciiial opLcoiiilyle is brokeu off, 
generally by direct violence. 


The Radius 

The radius (figs. 373 and 874) is situated on the lateral side of the forearm. 
Its upper end is small, and forms only a small part of the elbow-joint ; its 
lower end is large, and forms a large part of the wrist-joint. It is a long bone, 
prismatic in form and slightly curved longitudinally. 

The upper extremity oonsist-s of a head, neck, and tuberosity. The Acad 
is of a cylindrical form, and on its upper surface is a shallow cup or fovea for 
artioulation with the capitulum of the humer^?. The circumference of the 
head is smooth ; it is hroa^miSluDtty wh^ it articulates with thc TSdM uptch 
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Fio. 87 d.^Bone 8 of left forearm. Volar aspect. 
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374.— BoneR of left forearm. Dorsal aspect. ' 
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of the i2jna> narrow in the rest of its extent, which is embraced by the wiudar 
Qga]^e^. The head is supported on a round, smooth, and constrict^ nech- 
Below l^e medial part of the neck is an eminence, the 
surface is divided into a posterior rough portion for the inflection of- the tendon 
of the Bicepj[ 3 J^ 0 t< 2 bh, and an anterior smooth portion on which a b ursa is 
interpos^ between the tendon and the bone. 

The body or shaft is prismoid in form, narrower above than below, and 
slightly curved, so as to be convex laterally. It has three borders and three 
siiriaces. 

The volar or anterior border separates the volar from the lateral surface, 
and extends from the lower part of the tuberosity above, to the anterior part 
of the base of the styloid process below. Its upper part is prominent, •and 
from its oblique direction has received the name of the it gives 

origin to the Flexor cligitorum ^ublimis and Fle:?;;pr poUiejiiongus ; the surface 
above the line gives insertion to part* of the l^upiAfttpr. The middle part 
of the volar border is indistinct and rounded. The lower part is prominent, 
and gives insertion to the Brxina.tgr jQLUj^ra^tu^ and attachment to the dors^ 
carpal ligam^mt ; it ends in a small tubercle, into which the tendon of the 
BracMoradialis inserted. 

The dorsal or posterior border separates the dorsal from the lateral surface ; 
it is well-marked ohly in the middle third of the bone. 

The intefosseom.jcrest or medial border sepaiates the volar from the dorsal 
surface, and gives attachment to the antib.rftphial interpssepua meml? 5 g»ne (fig. 
378) ; it begins above, at the back part of the tuberosity, and its upper parf4s 
rounded and indistinct. It becomes Aarp and prominent as it descends, and 
at its lower part divides into two ridges which are continued to the anterior 
and postcriejr margins of the ulnar xiotclx ; to the posterior ridge the lower 
part of the antibraehial intcrosscious membrane is attached wliile the triangular 
surface between the ridges gives insertion to part of the Pronator quadratus. 

The volar or anterior surface is concave in its upper three-fourths, and gives, 
origin to the Flexor pollicis longua ; its lower fourth is broad and flat, and 
affords insertion to the IVonator quadratus. A prominent ridge limits the 
insertion of the Pronator quadr‘‘tus below, and between this and the inferior 
border is a triangular rougix surface for the attachment of the yplar x^Mliocarpal 
ligan.e . At Viie junction of the upper with the middle third of this surface 
is the iiutiivnt canal, direc^ted obliquely upwards. 

The dorsal surf a is v..jnvex and smooth in the upper third of its extent, 
and covered by the oupiuator Its middle third, broad and slightly concave, 
gives origin to the Abductor polligis longus ^boyc, and to thq Extend poUicis 
brevis below. Its lower third, broad and convex, is covered by the tendons, 
of the muscles which subsequently run in 'the grooves on the lower end of 
the bone. 

The lateral surface is convex ; its upper third gives insertion to the Supi- 
nator ; near its centre is a rough ridge, for the insertion of the ; 

its lower part is covered by the tendons of the Abductor pollicis longus and 
Extensor pollicis brevis. 

The lower extremity is large and is provided with two articular surfaces 
— one below, for the carpus, and another at the medial side, for the ulna. The 
carjml articular surface (fig. 379) is ‘triangular, concave, smooth, and divided 
by a slight anteroiX)sterior ridge into two parts. The lateral, triangular 
part, articulates with the navicular bone ; the medial, quadrilateral part, with 
the lunate bone. The articular surface for the ulna is called the mnar notch 
(siSIPPld.- &axity) ; it is narrow, concave, snEiooth, and articulates with the 
head of the ulna. These two articular surfaces are separated by a prominent 
ridge, to which the basQ^of .the trian^ai^ artiral^^ is attached ; this disc 
separates the wrist-joint from the distal radio-ulnar articulation. The lower 
end of the bone has three non-articular surfaces— *volar, dorsal, and lateral. 
The volar surface, rough and irregular, affords attachment to the volar radio- 
(;arpal ligament. The dorsal surface is convex, affords attachment to the 

is marked by three ^ooves. Enumerated! 
fro^.; the lateral side, the first groove is broad, but shoRdw, and subdivided byl 
a. slight ridge ; the lateral part transmits the tendon ^ the Extonsor. carpi 
frac^h{/longus, the medial, the tendon of the Extensor carpi radialis brevifil 
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The second groove is deep but narrow, and bounded laterally by a sharp ridge 1 
it runs obliquely downwards and lateralwards, and transmits the tendon oft 
the Extensor pollicis longus. The third groove is broad, for the passage of! 
the tendons of the Extensor indicis proprius and Extensor digitorum communisj 
lateral surface is prolonged obliquely downwards into a strong, conical" 
projection, the styifpid l^he base of which gives attachment to the tendon 

of the Brachioradialis, the apex to the radial cojlaj^ei^l ligament of the wrisi- 
jmnt. On the lateral surface of this process a flat groove, for the tendons- 
of the Abductor poUicis^ Ei^tei^or pollicis brevis. 


Fio. 375. — ^Plan of ossification of the 
radius. From three centres. 


Head 



Fig. 376. — Epiphysial lines 
of radius in a young adult. 
.\nterior aspect. 




Tliti line of attachment of the iirtii’n1:ir 
capsule of the wiist -joint is in bhu*. 


Structure. — The 5«tructure of the radius is like that of the other long bones. 

Ossification (figs. 375, 376). — The radius is ossified from three centres : one for 
the body, and one for either end. That for the body appears near the middle of the 
bone, in the eighth week of foetal life. About the close of the second year, ossifica- 
tion begins in the lower end ; and at the fifth year, in the upper end. The upper 
epiphysis fused with the body at the age of seventeen or eighteen years, the lower 
a^ut the ago. of twenty. An additional centre, sometimes found in tlie radial 
tuberosity, appears about the fourteenth or fifteenth year. 


The Ulna 

The ulna (figs. 373 and 374) is placed at the medial side of the forearm,, 
parallel with the radius. The upper extremity is thick and strong, and forms 
a large part of the elbow-joint ; the body or shaft diminishes in size from 
above ^downwar^s ; the lower extremity is small, and is excluded -from the 
wrtot-joint by the interposition of an articular disc: 
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On the upper eitremityt(fig. 377) are two curved prooessee> 
and the ; and two concave articular cavities, the a^ffl juna r 

anS rijdjflTi^cbes. 

The olecranon is Cb thick, curved eminence, on the upper and posterior 
part of the ulna. It is bent forwards at the summit so as to present a pro* 
minent lip which is receiy^ into the cdecranonJc^ of the humerus when ^e 
forearm is extended. Its base is contracted where it joins the body, and is 

the narrowest port of the up^r end of thfe 
Fig. 377.— Upper part of left ulna. ulna. Its ^terior sur/ace, directed back- 

Lateral aspect. wards, is triangular, smooth^ subcutaneous, 

Olecranon i® covcred by a Its superior 

sufjacey of quadrilateral form, is marked 
behind by, a rough impression for the 
insertion of the Iriifiggg , .bf fckSi 7 and in 
front, close to the margin, by a slight 
groove for the attachment of part of the 
articular capsule of t^e . elbow^int ; 
betw^n^' the groove for ' the afGShlar 
capsule and the impression for the Triceps 
brachii is a smooth area which is separate 
from the tendon of the Triceps brachii 
by a Imjma* Its anterior surface forms 
the upper part of the semilunar notch. 
On its borders are 'grooves continuous 
with that on the anterior part of the 
superior 'surface ; that on the med ial 
border gives attachment to the posterior 
part pJE the jaJwt cpUftteralJigament ; that 
on the border to part of the arjticul^ 
capsule. JBVom the m^ial border a p^t 
of the Flexor ca^a^ plpi^ ; to the 
lateral the"^i£nconseus is attached. 

The coronoid process is a prismatic 
eminence projecting forwards from the 
front of the upi)er extremitv of the ulna. 
Its bc^ is continuous with the body of the 
bone, and is of considerable strength. Its 
apex is pointed, slightly ciurved upwards, 
and is received into the eorojaqid fpeisa of 
the humerus when the forearm is flexed. 
Ite upper surface forms the lower part of 
the semilunar notch. Its antero4nferior 
surface is concave, and marked by a 
rough impressioh for the insertion of the 
; this impression extends on to 
the upper part of the body of the bone. 
At the junction of this surface with the 
front of the body is a rough eminence, the 
tybCyrasiti^t (of the utnaj which gives msertion 
to a part of the Brachialis ; to the lateral 
border of this tuberosity the obU^ue corf is attached. On its lateral surf ace m a 
narrow, oblong, articular depfi^ioh, the radial notch. Its medial surface ends 
superiorly in a prominent, free margin which gives attachment to part: of 
the nlnair ,collat^a^^ At the front part of this surface, is a rOund 

eminence'^ fof ’{fie Qjj^in of a Small part of the Flexor 
behind the eminence is a depression for part of tlEe^'origin 
^ descendinc from the eminence is a ridge v^eh\giy^ 

ongfaT to the tflnar herf (rf ,tEfi Freapitly a rfunlrf* 

mn^ular bundle orMeFIe3ra:^^ arises by a iiipmons aJip trw 

thelo^|r part of the coronoid^process. 

notch i TOtfilF the. 

hinnerus, is aTle^e dei«:esdS7^i7nija % the % 

"theHorc^d process. It ieT concave from above downwijrds " 
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Fig. B78. — ^Transverse section of loft radius 
and ulna, showing attachment of inter- 
osseous membrane. 


Volar hiirdcr 




Dorsal border 


Volar hordtr 



Dorsal h order 


pfitirfc te «ad. sometimes crossed by a groove ; it is divided into a 

medial and a lateral portion by a smobth ridge running from the summit of 
the olecranon to the tip of the corpnoid process. The medial portion is the 
larger, and is slightly concave transversely ; the lateral is convex above, 
sli^tly concave below, 

. .’the radial notch (fig. 377) is an oblong, articular 

dpj^ession on the lateral side of the coronoid' process for the reception of the 
circumferential articular surface of the head of the radius. It is concave 
from before backwards, and its anterior and posterior extremities servo for 
the attachmentoUliO^ 

The body or shafts at its upper part, is prismatic in form, and curved^ 
with its convexity d^ected posteriorly and lateralwards ; its central part is 

f irismatic and straight ; it^ 
ower part is rounded and bent 
a little lateralwards. The body 
tapers gradually from above 
downwards, and has three bor- 
ders and three surfaces. 

The volar or anterior border 
separates the volar from the 
medial suMace ; it begins al:K)ve 
at the prominent iruSial angle 
of the coronoid process/ and 
ends below in front of tlie 
styloid process. Its upper 
part, well defined, and its 
middle portion, smooth and rounded, give origiii the I’icxoi: digitorum 
p rofu ndus ; its lower fourth forms a prominent riage for thi origin of the Jftronator 
. qujgid^tus. 

The dorsal border is subcutaneous, and separates the medial from the dorsal 
surface ; it begins above at the ape> of the tr - 'I'^ular subcutaneous surface 
at the back part of the olecranon^ and ends below f-t the back of the styloid 
process; its upper three-fourths are >vell marked and give attachment to an 
aponeurosis^ w)ilch.nffcu:d^^ oii.nn .to .the Floior carpi ulngris, 3ve 

Kxten8j^5,igipildim^ FiexQWiigitoium protimdus ; its lower fourth 

is smooth and rounded. 

The interossems crest or lateral border sepamtes the volar from the dorsal 
surface and gives attachment to the antibrachial interosseous membrane 
(fig. 378) ; it begins above by the union of two fines, which converge frohT the 
extremities* of the radial notch and enclose bi lvveen them a triangular area 
for the origi ii of part of the ^^piui^tor • it ends below at the head of the 
ulna. Its uppeF'part is sharp and prominent, its lower fourth smooth and 
rounded. 

The volar ov anterior surface is broader above than below ; its upper three- 
fourths are concave and give origin to the Flexoi* digitorum profundus ; its 
lower fourth is covered by the Pronator quadratus and is separated from the 
remaining portion by a ridge which is directed obliquely downwards and 
me^alwards, and marks the extent of origin of the Pronator quadratus. At 
the junction of the upper with the middle third of this surface is the nutrient 
canal, directed obliquely upwards. 

, The dorsiil surface, directed backwards and lateralwards, is broad above ; 
convex and somewhat narrower in the middle ; narrow and rounded below! 
dn upper part is an oblique ridge which runs downwards from the dorsal 
etid of the notch to the dorsal border ; the upper part of the ridge affords 
attachment"^ the Supinator, and Jbhe triangular surface above it receives the 
of Below this ridge the dorsal surface is subdivided 

if%y ti : into two parts : the medig^^rt is smooth, and 
h j the lateral gives origin from^kbove downwards 



_ llf and concave above, naurrow and convex below; 

pve origin to the Flejxor digitorum profui^tts ; 
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The lower extremity the ulna is small, and has two eminences ; the 
lateral and larger is termed the head of the ulna ; the medial, narrower and 
more projecting, the styloid process. The head presents an articular surface, 
the distal part of which, of a semilunar form (fig. 379), is directed downwar^, 
and comes into contact with the upper surface of the triangular articular disc 
which separates the ulna from the radiocarpal or wrist- joint ; the remaining 
portion, directed lateralwards, is narrow and convex, and is received into the 
ulnar notch of the radius. The styloid process projects from the medial and 
posterior part of the bone ; it descends a little lower than the head, and its 
rounded apex affords attachment to the ulnar coUatcral. ligament of wrist- 
joint. The head is separated from the styloid process, below by a depression 
for the attachment of the apex of the triangular articular disc, and behind 
by a shallow groove for rhe tendon of tlm Extensor carpi ulnaris. 



Structure, '—The structure of the ulna is similar to that of the other long bones. 

Ossification (figs. 380, 381).- -The ulna is ossified from three centres : one each 
for the l>ody, the inferior extremity, and the top of the olecranon. Ossification 
begins near the middle of the body, about the eighth week of foetal life, and soon 
extends through the greater part of the bone. About the fourth year, a centre 
appears in the middle of the head, and extends into the styloid process. About 
the tenth year, a centre ax)pears in the olecranon near its extremity, but the chief 
part of this process is formed by an upward extension of the body ; sometimes 
the extremity of the olecranon is ossified from two centres. The upper epiphysis 
joins the body about the sixteenth, the lower about the twentieth year. 

Applied Anatomy , — The bones of the forearm are more often broken together than 
separately. Fractures of both bones may be produced by either direct^ or indirect 
violence, though more commonly by direct violence. When indirect force is applied to 
the forearm the radius as a rule gives way, though both bones may sufler. fractures 
from indirect force generally take place somewhere alK>ut the middle of the bones, while 
, those from direct violence may occur at any part, but are most frequent in the lower half 
of the bones. The fractures are usually transverse, but may be more or less oblique. A 
point of interest in connexion with these fractures is the tendency for the two .bones to 
unite across the interosseous membrane; the limb should therefore be put up in a 
position midway between supination and pronation, which is not only the most com- 
fortable position, but also separates the bones most widely from each other, Anterior 
and posterior splints arc applied in these cases, and should be rather wider than the limb, 
so as to prevent any side pressure on the bones. 

The special fracture.s of the ulna are : (1) Fracture of the olecranon , which is usually 
caused by direct violence, by falls on the elbow with the forearm flexed, but occasionally 
by muscular action in sudden contraction of the triceps brachii ; the most comxnon site 
of this fracture is at the constricted portion where the olecranon joins is)|^ body of the 
bone, and the fracture is usually transverse; but any part may be broken, a^td even a thin 
shell may be torn off. Fractures from direct violence arc occasionally comminuted. If 
the fibii^ns structures around the process are not tom the displacement is slight; other- 
wise^the olecranon may be drawn up for a very considerable distance. (2) Fractogot the 
Gor^noid process may occur as a complication of dislocation backwards of the bones of the 
^loroaim^, but it is ddubtful if it ever takes place as an uncomplicated injury, (0) 'Frao<» 

^ tures of #ie body of the ulna m^ 6ccur at any part, but usually take place at litlfo . 
^ Mow the middle of the bone; They are generally the result of direct victenbe;, bpt fha^r 
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occur as a complication of dislocation of the radius* (4) The styloid process may be 
knocked off' by direct violence. 

Fractures of the radius may consist of : (1) Fracture of the head of the bone ; this for 
the most put takes place in conjunction with some other lesion,* but may occur as an 
uncomplicated injury. (2) Fracture of the neck also may occur, but is usually compli- 
cated with other injury. (3) Fractures of the body of tho radius are very common, and 
may take place at any part of the bone. They may be cn used by direct or indirect violence. 
In fracture of the upper third of the body — that is to say, above the insertion of the Pro- 
nator teres — tho displac^ement is very great. Tho upper fragment is strongly supinated 
by the Biceps and Supinator, and flexed by the Biceps: while the lower fragment is 
pronated and drawn towards the. ulna by tho two Pro»iators. Tf such a fracture bo put up 
in the ordinary position, midway between supination and proiiation, the bone will unite 


Fio. 380. — Plan of ossification of tlu' 
ulna. From three centres. 

Olecranon 



Fju 381. — Epiphysial lines of ulna in 
a young adult. Lateral aspect. 




Tho lint of attachment of the articular 
c.-ipsuK's are in blue. 


with^**he upper fragment in a position of supination, and tho lower one in tho mid- 
positit^^and thus considerable impairment of the rnovemeni of supination will result; 
the limb should therefore be put up with the forearm sui>inated. (4) The most important 
fracture of the radius is that of the low er end (Colics ’s Eracturt?). Tho fracture is trans- 
ver|ft, and generally takes place about 2*5 cm. from the lower extremity. It is caused by 
falls ou the palih of tho hand, and is an injury of advanced life, occurring more frequently 
in the fettiale than in the male. In consequence of tho manner in which the fracture is 
caused, the- upper fragment is driven into the lower, and impaction commonly is the 
result^' excess of viotence may, however, disimpact, the lower fragment being split into 
vwoj^mnore pieces, so that no fixation occurs. Separation of the lower epiphysis of the 
radiu§ may take place in the young. This injury and Colies ’s fracture may be dis. 
tii^ished from other injuries in this neighbourhood — especially dislocation of the wrist, 
wifli which th#y are liable to be confounded — by observing the relative positions of tho 
styloid processes of the ulna and radius. In the natural condition of parts, with the arm 
hanging by the, ^de, the styloid process of the radius is on a lower level than that of the 
ulna* ' ‘Aftor fracture or separation of the epiphysis the styloid process of the radius is on 
the sai]^. level as, or on a higher level than, that of tho ulna, Avhereas it would be un- 
altered m' position in dislocation. Beduction in the case of (iolles's fracture 'is usually 
ea'si^ effected by traction on the hand, the limb being subsequently splinted with tho 
haiiv daffabted towards the ulnar side. 
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Fro. 882.-Bone8 of the left Imnd. Volar surface. 
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Fio.' 888.^Boues of the left Imnd. Dorsal surface. 
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THE SKELETON OF THE HAND 

The skeleton of the hand (figs. 382 and 383) consists of three segments : 
(1) the carpus or wrist bones ; (2) the metacarpus or bones of the palm ; and 
(3) the phalanges or bones of the ^gits« 


The Cabpus 

The carpal bones (ossa carpi), eight in number, are arranged in two rows. 
Those of the proximal row, from the radial to the ulnar side, are named the 
navicular, lunate, triquetral, and pisiform bones ; those of the distill row, in 
the same order, are the greater multangular, lesser multangular, capitate, and 
hamate bones. 


Common Chaeacteristics of the Carpal Bones 

p]ach bone (excepting the pisiform) presents six sm^aces. Of these the 
vol-ar or anterior and the dorsal or posterior surfaces are rough, for ligamentous 
attachment ; the dorsal siiurfaces are .^e broader, except in, the nayicul^ Rnd 
lunate bones. The superior or proximal, and inferior or distal surfaces are 
articular, the superior generally convex, the inferior concave ; the medial and 
lateral surfaces are also articular where they are in contact with contiguous 
bones, otherwise they are rough and tuberculated. The structure in all is 
similar, viz. spongy substance enclosed in a layer of compact bone. 


Tuk NAVJCurjiR Bone (Os Navioulare Mani;s) 5^*^ 

The navicular bone (tig. 384), the largest of the proximal row, has received 
its name from its fancied resemblance to a boat. It is situated at the radial 


Fig, i384, — The left navicular bone. 



side of the carpus, its long axis being from above downwards, lateralwards, 
and forwards. The superior surface is convex, smooth, of triangular shape, 
and articulates with the lower end of the rjdius. The inferior surface, directed 
downwards and backwards, is also smootli, convex, and triangular ; it is 
dMded by an indistinct ridge into a lateral part which articulates with the 

S -eater multangular bone, and a medial with the leigj^r 
n the dorsal surface is a narrow, rough groove which serves for the attachment 
of ligaments. The velar surface is concave above, but elevated at its lower 
and lateral part into a rounded tuksxde, which is directed forwards and gives 
attachm^t to the trap^v prs e caTP»^l ligament and sometimes to a few fibres 
of the Abductor pplliojs.J!}|i5vi8. The lateral surface, rough and narrow^ gives 
aktachmenf^io" the cq%teral l^me^^^ On the media^l 

surface are two articmaOaceisT "61^ these, i^e supSnor is jQat and crescentic 
in mupe, and articulates with the lnp%te bone ; the inferior s concave and 
fpi;^ with the lunate bone a concavity for the bead of the cgpitate.>bpne. 
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’ The Lunate Bone (Os Lunatum) 

The lunate or semilunar bone (hg. 385), distinguished by its deep con 
cavity and crescentic outline, is situated in the centre of the proximal row 
of tlie carpus, between the navicular and triquetral bones. The superior 
surface, convex and smooth, articulates with the i^^us. The inferior surface is 


Fig. (J85. — The left lunate bone. 
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deeply coi\cave, and of greater extent froL before backwards than transversely: 
it articulates with the head of the capitate bone, and, by a long, narrow facet 
with the hamate bone. The dorsal ind voln urfacos are rough, for the attaerh- 
ment of ligaments, the dorsal being the smaller. On the lateral surface is a 
•semilunar facet for articulation with the navicular bone, and on the medial 
surface a quadrilateral facet for the triquetral bone. 


The TriquetbaIi Bone (Os Tktquetr jm) • 

The triquetral or cuneiform bone (Hg. 380» may be distinguished by its 
pyramidal shape, and by an oval isolatrd facet foi » • ■ umla .ion w?^h the pisiform 
bone. It is situated at the iilnar ride of the pro\jriial row of the carpus with 
its long axis from, above downwards and medialwards. Th * superior surface 

• 

Fni. 380. — The left triquetral borio. Fm. 387. — TJie lei't ju^iiorm hone. 

Fo) pmform bone For lunate bone 
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presents a medial rough non- articular portion, and a lateral convex smooth 
portion which articulates with the triangular articular disc of this wrist. The 
inferior surface, directed lateralwards, is concave, sinuously curved, and smooth 
for articulation with the l^amato bone. The dorsal surface is rough for the 
attachment of ligaments. The volar surface displays, on its medial part, an 
oval facet for articulation with the pisiform bone ; its lateral part is rough for 
ligamentous attachment. The lateral surface, or base of the pyramid, is marked 
by a flat, quadrilateral facet for articulation with the lunate bone The medial 
surface, or sumriiit of the pyramid, is pointed and gives attachment to the , ulnar 
( o}IaJjGcaIJigament of tfie wrist. 


The JPisieorm Bone (Os Pisifobme) | 

The pisiform bone (fig. 387) is situated in front of tlSe triquetral bone, and 
may be known by its small size, and by its preisenting a single, oval facet for 
articulation with that bone. This facet is on the dorsal surface of jbhe bone, 
and its long axis is directed downwards i^d lateralwards. The vdar surface 
is rounded and rough, and gives attachment to the The 
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m^dml surface gives attachment to the Abductor 4^itLqiiinti and the dosaal 
the is .attached to the lower part 

this surface. On the anterolateral surface is an oblique line or ridge, the 
distal part of which gives attachment to the vd^cai^al^ The lower 

part of the bone projects beyond the articular surface and presents a tubercle 
for the attachment of the " 


The Greater Multangular Bone (Os Multangulum Majus) 

The greater multangular bone or trapezium (fig. 388) may be dis- 
tinguished by a deep groove on its volar surface. It is situated at the radial 
side of the caiqjus, between the navicular and first metacarpal bones. The 


Fr<i. .088. — The left giy^ator iinjlfcangular boue. 
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superior surface is directed upwards and medialwards ; medially it is smooth, 
and articulates with the navicular bone ; laterally it is rough and continuous 
with the lateral surface. The inferior surface is oval, concave from side to 
side, convex from before backwards, so as to form a saddle-i^aped surface for 
articulation w’ith the base of the first metacarpal bone. The dorsal surface is 
rough. The volar surface is narrow and rough. At its upper part is a deep 
groove, running from above downwards ; it transmits.the tendon of the .Flexor 
carpi radialis, and is bounded laterally by a ridge which affords attachment to 
the tranaKecse cai'pal ligament, and gives origin to the OppQi|e];is .poUicis, 
Abduebjr ppUicis brevis and Flexor poUicis &:evis. The lateral surface is 
broad and rough for the attachment of ligaments. On the medial surface 
are two facets ; th upper, large and concave, articulates with the lesser mult- 
angular bone ; the lower, small and oval, with the base of the second metacaiml 
bone. 


The Lesser Multangular Bone (Os Multangulum Minus) /f 

The lesser multangular or trapezoid bone (fig. 389) is the smallest bone 
in the distal row. It may be known by its wedge-shaped form, the thick end 
of the wedge constituting the dorsal, the thin end the volar surface ; and 


Fig. 389. — Tho loft lessor imiltaugular hone. 
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by 4t3 having four articular facets separated by sharp edges. The. mnenor 
suffacej small, quadrilateral, and slightly concave, arrieuWos with tha 
bo]^,i j;The large inferior outface articulates -with the proximal enJTS^S' 
se^^^^^tM^rpa) bone ; it is convex from side to sidb, obnoave from before 

* B. H. Bobbin*, Journal of AttoMmy'mA PhyiMt>g]i, toL ,li ; . 
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baokwaida. The darscA and volar aurfaees are rough for the attachment of 
ligatiaenta, the f(»mer being the larger. The lateral surface is convex, and 
‘articulates with the greater -multangular bone. The medial surface is concave 
and smooth in front, for articiilation wiw the cap itate bone ; rough behind 
for the attachment of an interosseous ligament. 


The Capitate Bohe (Os Capitatum) 

The capitate bone or os magnum (hg. 390) is the largest of the carjml bones, 
and occupies the centre of the wrist. It presents a rounded upper portion, the 
bead, which is received into the concavity formed by the navicular and lunate 
bones; a constricted portion, the neck; and below this, the body. The 


Fxo. 300. — The left capitate bore. 
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superior surface is round, smooth, and articulates with lunato bone. The 
inferior surface is divided by two ridges into three facets, for articulation with 
the second, third, and fourth metacarpal bones, that for the tliird being the 
largest. The dorsal surface is broad and rougb . The volar surface is narrow, 
projecting and rough, for the attachment of ligaments and the olgjictue ]3art q{ 
thfi Th® lateral surface articulates, by a small facet at its 

anterior inferior angle, with the lesser iniltangular bone ; b Mnd this facet is 
a rough depression for the attachment of an interosseous ligament. Above 
this is a deep, rough groove, forming part <jf the neck, and serving for the 
attachment of ligaments ; it is bounded superiorly by a smooth, convex surface, 
for articulation with the navicular bone. The medial surface articulates with 
the ham§^te...bQne by a smooth, oblong facet, which occupies the posterior 
and superior parts of this surface ; its anterior part is rough for the attach- 
ment of an interosseous ligament. 


The Hamate BonS (Os Hamatum) 

The ham&te or unciform bone (fig. 391) may be readily distinguished by 
its wedge-shaped form, and the hook-like process which projects from its volar 


Fig. 391. — The left hanmto bune. 
For Inflate hone. 



Fat 5th metacarpal bane ffamulus For 5th metacarpal hone 

uwtaea. It is situated the medial and lower angle of the carpus, with ite 
base dirocted; downw^u^^d its apes: upwards and laterolwsuds. superior 
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surface, the apex of the wedge, is nafrow, convex, smooth, and articulates 
with the hwifttp bone. The inferior surface articulates with the fomth and 
fifth metacarpal bQpes, by concave facets which are separated by a slight 
ridge. The dorsal surface is triangular, and rough for ligaments. From the 
lower and medial part of the volar surface a curved, hook-like process, the 
hamulu s, is directed forwards and lateralwards. This process gives attachment, 
by its apex, to the tinsxtsv.e^pe caroal ligau\PLnt and the ^JfiXPJ^carpi, ulnaris ; by 
its medial surface to the FlexorTireyis and Opponens digiti QjHtmti ; its* lateral 
side is grooved for t]^e, passage of, thp l'lexpr tendons into the palm of the hand. 
The medial Surface articulates with the triquetral bone by an oblong, obliquely 
cut facet. The upper and posterior part of the lateral surface articulates with 
the capitate bone ; the rest of the surface is rough for the attachment of 
ligamerifs. 


'fiiK Metacarpus 

The metacarpus consists of five cylindrical bones which are numbered 
from the lateral side (ossa metacarpalia l-V) ; each consists of a body and 
two extremities. 


Common Characteristics of the Metacarpal Bones 

The body is prisraoid in form, and curved, so as to be convex longitudinally 
behind, concave in front. It has thr^e surfaces : medial, lateral, and dorsal. 
The medial and lateral surfaces are concave, for the attachment of the Inter- 
ossei, and separated from one another by a prominent antericjr ridge. The 
dorsal surface luosents in its distal two-thirds a smooth, triangular, flattened 
area which is covered, in the recent state, by the tendons of the Kxtensor 
muscles. This surface is bounded by two lines, which commence in small 
tubercles situated at the sides of the digital extremity, and converge and meet 
some distance above the centre of the bone to form a ridge which is continued 
to the carpal extremity. This ridge separates two sloping surfaces for the 
attachment of the Intcrossei dorsales. To the tubercles at the digital 
extremities arc attached the collateral ligaments of , the metacaypQphalangeal 
jointe. 

The base or Cc^<':>al extremity is of a cuboidal form, and broader behind 
than in front : it articulates with the carpus, and with the adjoining meta- 
carpal bones ; its dorsal and volar surfaces are rough, for the attachment of 
ligaments. 

The head or digital extremity presents an oblong surface markedly 
convex from before backwards, less so transversely ; it articulates with the 
proximal phalanx. It is broader, and extends farther upwards, on the volar 
than on the dorsal surface, and is longer in the anteroposterior than in the 
transverse diameter. On cither side of the head is a deesp depression, and 
behind this a tubercle for the attachment of the collateral ligament of the 
metacarpophalangeal joint. Thi' dorsal s-urface, broad and flat, supports 
the Extensor tendons ; the volar surface is grooved for the Flexor tendons, 
and marked on either side by an articular eminence continuous with the terminal 
articular surface. 


Characteristics of the Individual Metacarpal BonIs ^ 

The first metacarpal bone (fig. 392) is shorter and stouter than the others, 
diverges to a greater degree from the carpus, and its volar surface is direct^ 
medial wards. The„,{?pdy is flattened and broad pq its dprsal surface, and 
do^ not jgresent the ridge which is found on the other motacarpil bones ; 
its "^volar’ surface is concave from above downwards. The iffirBrTN 

is inserted into its radial border ; the lateral head of the ffiferosseps 
donsalis arises from its ulnar border. The 6aa^^,pj^:e9eqte- ft. ppqoavpo^ 

for articulation with the greater multangular I^ne ; it has no fi^ts 
on its sides, but for the insertion of the Abdnntor 
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pollick lo nj gffls. The Aead is less cont^ex than the heads of the other meta- 
carpal bones, and is broader from side to side than from before backwards. 
On its volar surface are two articular eminences, 

of which the lateral is the larger, for the two Fio. 392.— The first left meta- 
sesamoid bones in the tendons of the JElexor carpal bone, 


poUicis^breyis. 

^'The second metacarpal bone (iig« 393) is 
We longest, and its base the largest, of the 
four remaining bones. Its base is prolonged 
upwards and medialwards, forming a prominent 
ridge. It presents four articular facets : three 
on the upper surface and one on the lateral 
side. Of the facets on the upper surface the 
intermediate is the largest and is concave from 
side to side, convex from before backwards for 
articulation with the lesser multangular bone ; 
the lateral is. small, flat and oval for articulation 
w ith the greater multangular bone ; the medial, 
on the summit of the ridge, is long and narrow 
for articulation with the capitate bone The 
facet on the medial side articulates with the thiid 
metacarpal bone. The Extensor carpi radi*>lis 
l oiijg ug is inserted on the lateral part of the dorsal 
surmce, and the Flexor carpi radialis on the volar surface, of the base. 

The third metacarpal b6ne (fig 394) is a little smaller than thc^second. 
The dorsal part of its base presents on its radial side a p; ramidal eminence, 
tlie styloid process, which extends upwards behind the ca]nt^at( bone ; immedi- 
ately distal to this is a rough surface for the at'. chment o^ the Extensor carpi 
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Fig. 393.— The second left meta- 
carpal bone. 


Ftg. 391. — The third left meta- 
I firpal bone. 



JhyAttig Xho catpal articular facet is concave behind, fiat in front, 
and articulates mth the capitate bon^ On the radial side is a smooth, concave 
facet for articulation with the second metacarpal bone, and on the^uhiar side 
two small oval facets for the fourth metacarpal bone. 

fourth metacarpal bone (fig. 396) is shorter than the third. Its base 
is small and quadrilateral ; . on its superior surface are two facets, a large medial 
on^ for articulation with the hamate bone, and a small one at the posterols^teral 
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angle for the capitate bone. On the lateral side are two oval facets, for articula- 
tion with the third metacarpal bone ; and on the medial side, a single concave 
facet, for the fifth metacarpal bone. 

^ The fifth metacarpal bone (fig. 396) has two facets on its hase \ that on 
its superior surface is saddle-shaped, and articulated with the hamate bone ; 
that on the lateral side articulates with the fourth metacarpal bone. On its 
medial side is a tubercle for the insertion of the tendon of the gigtensor carm 
ijlgaps. The dorsal surface of the body is divided by an oblique ridge, ^icn 


Fig. 895. — The fourth left meta- Flo. 396. — The fifth left meta- 
carpal bone. caipal bone. 
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extends from near the ulnar side of the base to the radial side of the head. 
The hateral part of this surface serves for the attachment of the fourth, inter- 
jdorsaiis ; the medial part is smooth, triangular, and covered by the 
extensor tendons of 1 *ie little finger. 


The Phalanges (Phalanges Digitoiium Manus) 

The phalanges are fourteen in number, three for each huger, and two for 
the thumb. Each consists of a body and two extremities. The baly tapers 
from above downwards, and its posterior surface is convex ; its anterior 
surface is concave from above downwards, and fiat from side to side ; its sides 
are marked by rough which give to the fibr^ui ghtathfii nf 

the JElexor tendons. The 'proximal eztremiti^ of the bones of the first row 
present oval, concave articular surfaces, broader from side to side than from 
before backwards. On the proximal extremity of each of the bones of the second 
and third rows are two concavities separate by a median ridge. The distal 
extremities are smaller than the proximal, and each ends in t^wo coi^yles separated 
by a shallow groove ; the articular surface extends farther on the volar than on. 
the dorsal sunace, a condition best marked in the bones of the first row. 

The ungval phalanges are convex on their dorsal, and flat on their volar 
surfaces ; they are recognised by their small size, and by a rougbehed, elevated 
surface of a horseshoe form on the volar surface of the distal extremity of 
each which serves to support the fgMftive jp pf 

. ' , ' ' ^ 

Ossification op the Bones op the Hand ' 

The teipal bones are each ossified from a single centre.,, and ossifica^on proceeds 
in l-he following order (fig. 397) : in the capitate snd hi^te hones, dt^g the 
^rst’^^r, former preceding the latter ; in the triquel^ bone; dwng the third 
yeaii.' Innate and greater mnltangnlai hones, during Ihe fittih the fomet ' 
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preceding the latter ; in the navicular bone, during the sixth year ; in the lesser 
multangular bone, during the eighth year ; and in the pisiform bone, about the 
twelfth year. 

Occasionally an additional bone, the os centrales is found on tlie back of tlie 
carpus, lying between the navicular, lesser multangular, and capitate bones. During 
the second month of foetal life it is represented by a small cartilaginous nodule, 
which usually fuses with the cartilaginous navicular. Sometimes the styloid 
process of the third metacarpal bone is detached and forms an additional ossicle. 

The metaoatpal bones are each ossified from two centres ; one for the body and 
one for the head or distal end of each of the second, third, fourth and fifth bones ; 


Fig. 397. — Plan of oRsification of tlio bones of tlic band. 
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one for the body and one for the base or proximal end of the first.* The first meta- 
carpal bone is therefore ossified in the same manner as tlie phalanges, and this 
has led some anatomists to regard the thumb as being made up of three phalanges, 
and not of a metacarpal bone and two phalanges. Ossification begins in the middle 
of the body about the eighth or ninth week of foetal life, the centres for the second 
and third metacarpals being the first, and that for the first metacarpal the last, 
to appear ; about the third year the distal extremities of the metacarpals of the 
fingers, and the base of the metacaqial of the thumb, begin to ossify ; they unite 
with the bodieis about the twentieth year. 

The pbalatiges are each ossified from two centres ; one for the body, and one- 
for the proxinial extremity. Ossification begins in the body, about the eighth week 
of foetal life. Ossification of the proximal extremity commences in the bones of 

* Allen Thomson {Jowrml of Anatomy a)\d Physiology ^ vol. iii. 1830) pointed out tJiat the 
first metacarpal^ bone is often developed from three centres ; that is to say, there is a separate 
centre for the distal end, forming, a distinct epiphysis visible at the ago of seven or eight years. 
He also stated that there are traces of a proximal epiphysis in the second metacarpal bone. 
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the first row between the third and fourth years, and .a year later in those of the 
second and third rows. The two centres become united in each row between 
the eighteenth and twentieth years. 

In the ungual phalanges the centres for the bodies appear at the distal extre- 
mities of the phalanges, instead of at the middle of the bodies, as in the other 
phalanges. Moreover, of all the bones of tlie hand, the ungual phalanges are the 
fii'st to ossify. 

Applied Anatomy . — The carpal bones are little liable to fracture except from extreme 
violence, when the parts are so comminuted as to necessitate amputation. Occasionally 
they are the seat of tuberculous disease. Tho metacarpal bones and the phalanges are 
sometimes broken from direct violence. There are two diseases of tlio mctacaipal bones 
and phalanges which require special mention on account of their frequent occurrence. 
One is tuberculous dactylitis, consisting in a deposit of tuberculous material in the 
medullary canal, expansion of the bone, with subsequent caseation and necrosis. Tho 
othei* is chondroma, which is pe.rhaps more commonly found in connexion with the 
metacarpal bones and phalanges than with any other bones. Tho tumours ar<‘ usually 
multiple, and spring from beneath the periosteum about the epiphysial plate. 


BONES OF THE INFERIOR EXTREMITY 
The Hip-Bone (Os Coxa:) 

The hip-bone (os innominatum) (figs. 398, 399) is a large, flattened, inegu- 
larly shaped bone, constricted in the centre and expanded above and below. 
It articulates in front with the bone of the oi^posite side, and the two bones form 
the anterior and lateral walls of the pelvis, it consists of three parts, the 
ilium, ischium, and os pubis, which are distinct from each other in the young 
subject, but arc fused in the adult ; the union of tho three parts takes .place 
in and around a largo cup-shaped articular cavity, the acetabulutp, which 
is situated near the middle of the outer surface of the bone. The ilium, so 
called because it supports the flank, is tho broad and exjianded portion which 
extends upwards from the acetabulum. Tho ischium is the lowest and strongest 
portion of the bone ; it proceeds downwards from the acetabulum, expands 
into a large tuberosity, and then curv^es forwards below a large aperture, the 
obturator foramen. The os 2 ^ubis extends mcdialwards and downwards from 
the acetabulum and ai ’ ;ulales in the middle line with the bone of the opposite 
side. 

The ilium (os ilii) is divisible into two parts, the body and the ala ; the 
separation is indicated on the internal surface by a curved line, the arcwa;te 
line, and on the external surface by the iipper part of the margin of the aceta- 
bulum. 

The bQ.<ly forms rather less than two-fifths of the acetabulum. Its external 
surface is partly articular, partly non-articular ; the articular segment forms 
part of the lunate surface of the acetabulum, the non-articular portion contri- 
butes to the acetabular fossa. The internal surface of the body is part of 
the w^all of the lesser pelvis ; it gives origin to some fibres of the Obtura tor 
inte^'nus and is continuous below with the pelvic surfaces of tb^schium 
anS os pubis. 

The ala, the large expanded portion, bounds the greater pelvic laterally. 
It has an external and an internal suif ace, a crest, and an anterior and a posterior 
border. The external surface, or dorsum UU (fig. 398), is directed backwards and 
lateralwards behind, and lateralwards and downwards in front. It is smooth, 
convex in front, concave behind, and is bounded above by the crest, below by 
the upper border of the acetabulum, and in front and behind by the anterior 
and posterior borders. This surface is crossed by the posterior, anterior, and 
.inferior gluta3al lines. Tho posterior ^utcecd Un€ (superior curved line), the 
shortest of the three, begins at the crest, about 5 cm. in frpnt of its posterior 
extremity ; it is distinctly marked above, but as it descends to the upper part 
of the greater sciatic notch, where it ends, it becomes less distinct, ara is often 
lost. Befiipd this line is a narrow, semilunar surface, the upper part of wMch 
k rough .an«J gives ori^ to a portion ofj^e fflsto ; lower part 

ix smofrth;, ind has no ihuscnlSir fibres attached to it. The onil^eH nf 
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line (middle curv^ line), the longest of the three, begins at the crest, about 
4 cm] beMhd its ahteiior extremity, and, taking a curved direction backwards 
and downwards, ends at the upper part of the greater sciatic notch. Ajiutcient 
fora^;lQ^ is often seen near the middle of this line. The surface between the 
crest and the anterior and posterior glutseal lines, gives ori gin to the Glutseus 


Fig. 398. — Right hip-bone. External surfact 
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The inferigr^ glutei Urn (inferior curved line), the least distinct, 
begins in front at the notch bn the anterior border, and, curving backwards 
and downwards, ends near the middle of the greater sciatic notch ; the Qlutous • 
ininiious takes n rfgjp- between the anterior and inferior glutasal lines. From 
a rough, shallow groove immediately above the acetabulimi, the reheated. tendon 
of thfiJBifictua.iw 

The irUemal surface (fig. 399) of the ala is bounded above by the crest ; 
below by the arcuate line ; in front and behind by the anterior and posterior 
borders.' Its anterior part, smooth and concave, is termed the 
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it givea and its posterior part is perforated by a niitrien t 

®.flSS:* ! the tendon of the CfloMJtti»a^kjttWMted into the arcuate line. Behind, 
the iliac fossa is a rough surface, divided into two portions, a superior and 
an inferior. The inferior portion or so called from its resem- 

blance in shape to the auricula, is coated vmh cartilage in the recent state, 
and articulates with a similar surface on the side of the sacrum. The superior 


J'ics. ;j99.— Right hip-bone. Intornal surface. 
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portion, known as the ilifiG is elevated and rough, fw the att^hment 

of the pos^ojf. 8 apro-jli 0 fiJtigSk^nts^ it is continuous above and.be^d rritb 
'the innerup of the iliac crest, and here it gives cmgin to. the Saorosoiflalis and. 

.nuuwles. Below and in front of the ampplhr i^i^‘ nfi» 
haore commcaily present and tett^ rbarkied tto fowtale 

i Milium is convex in its general outline Inrt is sinuondy curved, 

beij^ ;^o^ Inwards in front, and outwflj!ds> behind. It is ^hinn^ ai Dhe 
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centre than at the extremitiee, and ends in the superior 

iliac spin es. The surface of the crest is dividfed into external and "mtknal 
^3 an interme^ate line ; about 6 cm, behind the anterior superior iliac 
spine there is a prominent tubercle on the external lip. To the external lip 
are attached, from before backwards, the .fa^QiiP ^ l^t^, Qblignus 
ftrnd aiopg, Ua wbole J^th 

to the intermediate line the ObUqmjg^mtsp^ to the internal 

lip, the fasciaij^,a^tha-Tranaxerflns,ibdoin(pis,,Quadrat^ 
spi n di s, and^T SeMBus. . " . , ; 

^TPEe unterior border of the ala is concave and presents two projections, 
separated- by a notch. The upixjr projection, at the junction of the crest 
and anterior border, is called the anterior superior iliac spine ; its outer border 
gives attachment to the fascia lata and the Tensor fascia) latse ; its inner border, 
to the lliacus ; its extremity affords attachment to the inguinal Jjgamcnt, 
and origin to the l^ai^torius* Beneath this spine is a notch from which the 
Sartonus "takes ori^n and across which the lateral., femoral^nutaneoiis nerve 
passes. Below the notch is the anterior inferior iliac spincy which ends inferiorly 
in" the upper lip of the acetabulum ; it gives attachment to the straight tendon 
of tlie,R ect}y lem oris and to the iUofeimn^aUigamtut of Jthe bip:ic4nt. Medial 
to the anterior inferior spine is a broad, ; iiallow groove, over which the lliacus 
descends into the thigh. This groove is bounded medially by the ijfd 3 ipe<^nml 
erpfjamccy which marks the union of the ilir.ia and the os pubis. 

The posterior border of the ala, shorter than the anterior, also presents two 
projections, the posterior superior and posterior inferior iliac spines, separated 
by a notch. The former serves for the attachment of the long posterior sacro- 
iliac ligament and the Multiffdus mu^le ; the latter Corresponds with the 
posterior end of the auricular surface. " Below the \ osterior inferior spine is a 
deep notch, the greatj^r..6ciaiic notch. 

The ischium (os ischii) fonns the lower and posterior part of the hip-bone. 

It is divisible into a body and a superior and an inferior ramus. 

The body enters into and constitutes a litlle more than two-fifths of the 
acetabulum. Its external surface forms part of the lunate surface of the aceta- 
bulum and a portion of the acetabulai* fossa. Its interna^ surface is port of 
the wall of the lesser pelvis, and gives irigin to some fibres of the Obturator 
internus. Its posterior surface is convex, and covered b}^ the Hriformis muscle. 

Its antero-inferior border is thin, and forms part of the boundary of the obturator 
foramen ; it ends above at the acetobular notch, where it frequently presents 
a small tubercle, the Its lateral border forms the 

posterior part of the rim the acetabulum ; from its posterior border a pointed 
triangular eminence, the is(Jiial--^ne, extends backwards and medialwards. 
The external surface of this spine gives attachment to the GemeUus sujperior ; 
its internal surface to the Cooc^eus, Levator ani, and the pi^ic^ fascia; its 
pointed esrtlfemity to the sabfQgplQP^ Above the spine is the 

greater sciatic notch, converted into a forainen by the sacrospinous ligament 
this foramen transmits from the pelvis the Piriformis muisclo . the superior and^ 
inferior ^utasal vessels and nerves, the sciatic and postenor femoral cutaneous^^ 1 
nitrves, the iptemal pudendal vessels and pudendal nerve, and the nerves! 
to" the Obturator internus and Quadratus femoris. Of these, the superior! 
glntssal vessdis and nerve emerge above the Piriformis, the other structures 
D^low it. jfolow the spine is the Zesser rudeh ; it is convertedLinto a 

f6ramg^..by the^SSlgrotubOT^ and saiam^W and transmits the| i 

tendon of tM t)bturatp^^ the nerve which supplies that muscle, and| 

the internal pudcmdal vessels and pudendal nerve. \ 

The superior ramus projects downwards and backwards from the body 
and has tfim surfe^es ; external, internal, and posterior. The external surface 
is quadrilatei^ in shape. It is bounded above by a groove which lodges the 
tendon of the OblbOr^tor externus ; below, it is continuous with the external • 
surface of inferior raptius ; ' in front, it is limited by the posterior margin 
of obtuialbr forapieu ; behind, a prominent margin separates it from the , 
posterior inW^e. fimnt of this margin the external siuface gives orighi 
tb the Quadratus f^ari sv and to soipe oiihe of Jhe Obturator externa ; 

its lower part gives to part of the 
iMff/ees, fonns part of the bemy of the lesser perns. ^ In front 
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by the posterior margin of the obturator foramen. Below and behind, it 
is bounded by a shar]) ridge which gives attachment to the falcifjjx:|i|,^rQcess 
qf the sacrotnberaus Jigament; more anteriorly it gives ori^^jTto the Trand- 
versus perinaei and ^§^?]^ 9 g§ye^no§l.us. ... 

Posteriorly the superior ramus forms a large swelling, the tyberosiiy ojf the 
ischium, which is divided into two portions : a lower, rough, "somewhat tri- 
angular part, and an upper, smooth, quadrilateral portion. The lowet portion 
is subdivided by a prominent longitudinal ridge into two parts ; the lateral 
^ves attachment to the Adductor magnus, thij medial to the sacjrotuberous 
ligament. The upper portion is subdhvid^ into two areas by an oblique 
ridge which runs downwards and lateralwards ; from the .upper and lateral 
area the Semimembranosus arises ; from the lower and medial, the long he^^ 
of the Bice^‘fqmoris and the Semitendmosus* 

The inferior ramus is the thin, flattened part of the ischium, which passes 
forwards from the superior ramus, and joins the inferior ramus of the os pubis, 
the junction being indicated by a raised line. Its outer surface is uneven 
for the origin of the Obturator externus and some of the fibres of the Adductor 
magnus ; its inner surface forms part of the anterior wall of the pelvis, and 
^ves attachment to the Sphincter urethrse membranacese. Its lower border 
is thick, rough, slightly everted, forms part of the outlet of the pelvis, and 
presents two shght ridges and an intervening space. Tho ridges are edntiruous 
' with similar ones on the inferior ramus of the os pubis ; to the outer is attached 
tlie deep layer of the superficial perinasal fascia (fat&cia^of CoUes), and to the 
inner the inferior fascia of the urogenital diaphragm. When traced backwaixls 
these two ridges join just behind the point of origin of the Transversus 
periruei superfieialis ; to the intervening s]iace, just in front of the point 
of junction of the ridges, tlic Transversu: perinaBi superfieialis is attached, 
and in front of this the Tscjhiocavomosus and the ci:us penis vel clitoridis. Its 
upper border is thin and sharp, and forms ]jart of the medial margin of the 
obturator foramen. 


The os pubis, the anterior j^ art of the hip-bone, is divisible into a body, 
and a superior and an infe ' ramus. 

The body forms one-^u,.ri of the acotabuJum, contributing by its exicrnal 
surface both to the .lunaUi surface and to the acetabular fossa. Its interml 
s^irface enters into the f irmai on of the wall of the lesser pelvis. 

The superior rai/us eAtends mu the body to the median plane, where 
it articulates with it. illow of the op ^')site side. It is conveniently dcscvil)ed 
in two portions, viz. a medial liattened ])art and a narrow lateral prismoid 
portion. 


The medial portion of the superior ramus, formerly described as the body of 
the os pubis, is somewhat quadrilateral in shape, and presents for examination 
two surfaces and three borders. The anterior suifac Is rough, directed down- 
wards and lateralwards, and serves for the origin of various muscles. The 
Adductor iongus arises from th^ upper and medial angle, immediately below 
the crest lower down, the Obturator externus, the .Vdduotor brevi^» the 
upper part of the Gracilis +akfc origin. The posterior surface, convex from above 
downwards, concave from side to si-^^e, is smooth, and forms part of the anterior 
wall of the pelvis. It gives origin to parts of the. Levator ani and Ohtijj^br 
internus, and attachment to the pubopxvjtatic liganaeriits and to a .fewjpauiiualar 
fibres prolonged from , the bladder. The upper border presents a prominent 
tuTSefcle, the which projects forwards ; 

crus p| the auheuianwus inOTinal ring (external abdominal rin^^, and the 
inguinal ligament (PojiJpart’s ligament) are attached to it. Passing upwards 
andTlateralwai^s from the pubic tubercle is a well-defined ridge, the p^mpPibis, 
which forms a part of the brim of the lesser pelvis ; to it ari attached a portion 
of thb ingBloaJU^ (oonjoined tendon of ObUquus internus and Transversus), 
(Gimb^t’8 Ugament), and the a- > 

(kifUigmar fascia). Medial to the pubic tubule is wl&h 

extends'frc^ the tubercle to the medial border of the bone ; it fl#ird8 attach- 
ment t6 Ibf'ii^inal falx, and to the Ijigptyip a bdomiaiy 7 )),e 

point'3c^ of the crest with the in'e^al bwd^^f the bone ia called the 

; ^ftv ais well as to the symphysis, t^jemipsiBiM 

is . attached. The medial bord^ia articnlaar ; it ia OTalii^stud 
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marked by eight or nine transverse ridges, or a series of nipple-like processes 
arranged in rows ; they serve for the attachment of a thin layer of cartilage, 
which is fixed to that of the opposite pubic bone by the interpubic fibrocarti- 
lagmous lamina. The lateral border presents a sharp margin, the obturator 
crc^^EfcF forms part of the circumference of the obturator foramen and 
affords attachment to the ob turator TYiembr ane. 

The lateral portion of the superior ramus has three surfaces : superior, 
inferior, and posterior ; between the superior and posterior surfaces is a con- 
tinuation of the pecten pubis, ^already mentioned as commencing at the pubic 
tubercle. The superior surface, in front of this line, is triangular in form, wider 
laterc^y than medially, and covjKCCd.by It Is bounded laterally 

by a Vough eminence, the iliopectineal eminence, which indicates the junction 
of the ilium and os pubis, and below by a prominent ridge which extends from 
the an^rior margin of the acetabular notch to the pubic tubercle. The inferior 
surface forms the upper boundary of the obturator foramen, and presents, 
laterally, a broad, deep, groove, the obturator groove, for the passage of the 
obturatocj^^ ; and medially, a sharp margin which is continuous 

below with the obturator crest; it gives attachment to the obturator mem- 
brane. The posterior surface constitutes part f the anterior boundary of the 
lesser pelvis. It is smooth, convex ^ ’om above downwards, and affords origin 
to some fibres of the Obturator Internus. 

The inferior ramus is thin and flattened. It passes lateialwards and 
downwards from the medial part of the superior ramus, narrow^s as it descends 
and joins with the inferior ramus of the ischium below the obturator foramen. 
Its anterior surface is rough for the origin of muscles — the Gracilis along its 
medial border, a portion of the Obturator externus neu ; the obturator foramen, 
and between these two muscles, the Adductores brevis and magnus, the former 
being the more medial. The posterior su.Jace is s a )Oth, and gives origin to 
he Obturator internus, and. close to the medial margin, to the Sphincter 
urethra? membranaccse. The ^tiedial border is thick, rough, and everted, 
especiall}' in females. It presertt two ciC , separated by an intervening 
space. The ridges extend downwarus, av continuous with similar ridges 
on the inferior ramus of the ischium ; tot« xrnal ts uxched the superficial 
perinmal fascia (fascia of Colies), eu ^ o .item d the inferior fascia of the 

urogenital diaphragm. The latercl ^ovdu thin and ^narp, forms part of 
the circumference of the obturaWr .^orrmoTi, and gives attachment to the 
obti <’ator membrane. 

The acetabulum is a deep, cup-sha^^'d, hemispherical depression, wliich 
looks downwards, lateralwards, and It is formed medially by the 

os pubis, above by the ilium, hterai*^.. and below by the ischium ; a little less 
than tw^o-fifths is con^'^buted 1' tlio iilu rn, a little more than two-fifths by 
the ischium, and ono-luth by t s . ns. It is surrounded by a prominent, 
uneven rim, which is thick strong above and serves for the attachment 
of the glenoiid^ labrnm (cv ^yloid .g? nt), wnich contracts the orifice of the 
acetabulum, and deepens the &urxace .^r articulation. It presents below, a 
deep notch, the aceUxbuhr ^Ji, which is continuous with a circular non- 
articular depression, the ^xdar fossa, at the bottom of the cavity; this 

fossa is perforated by aperturop f c r vessels, and lodges a mass of fat. The notch 
is concerted into a foramen by the transverse acetabular Ugament, and through 
the foramen nutrient vessels and nerves enter the joint ; the margins of the 
notch serve, for the attachment of the Ijgameijtum teres. The rest of the 
acetabuluir#is formed by a curved articiuar surface, the lunate surface, for 
’ articulation with the head of the femur. 

The obturator foramen is an aperture between the ischium and os pubis. 
In the male it is large and of an oval form, its longest diameter slanting obliquely 
from before backwards; in the fern^o it 

It is bounded by a tWn, uneven nuSgmV to" w^ch the obtiuator^ 
is attached, a^d presents, superiorly, a deep groove, the obturator groove, which 
runs downward and medialwards from the pelvis. This groove is converted 
into a canal by a ligamentous band, a specialised part of the obturator mem- 
brane, attach^ to two tibercles : one, the posterior obturator tubercle on the • 
anteroinferior border of tl^ ischium, just below the acetabular notch the 
other, the ankrior obturator tub^e, on the obturator crest of tt^; superior 
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ramus of the os pubis. Through the canal the obturator vessels and nerve 
pass out of the pelvis. 

Structure. — The thicker parts of the hip-bone consist of spongy substance, 
enclosed between two layers of compact bone ; the thinner parts, as at the bottom 
of the acetabdum and centre of the iliac fossa, are usually semitransparent, and 
composed entirely of compact hone. 

Ossification (fig. 400). — The hip-bone is ossified from eight centres : three primary, 
one each for the ilium, ischium, and os pubis ; and five secondary, one each for t&e 
crest of the ilium, the anterior inferior iliac spine (said to occur more frequently 
in the male than in the female), the tuberosity of the ischium, the pubic symphysis 
(more frequent in the female than in the male), and one or more for the Y-shaped 


Fig. 400. — Plan of ossification of the hip-bone. 

By eiaht ci ntres{ primary {ilium, ischium, and os pubis) 
^ \p'hti SLCondary 



piece at the bottom of the acetabulum. The centres appear in the following order i 
in the ilium, immediately above the greater sciatic notch, about the eighth or ninth 
wek of foetal life ; in the superior ramus of the ischium, about the third ; 

in the superior ramus of the os pubis, between the fourth and fifth months. At 
birth, the iliac crest, the greater part of the acetabulum, the ischial tuberosity, 
and the inferior rami of the ischium and os pubis are cartilaginous. By the sev^th 
or eighth year, the inferior rami of the os pubis and ischium are almo» comijetely 
united by bone. By the twelfth year, the three primary centres have cTteuded ' 
their ^wth into the bottom of the acetabulum, and are there separnted from each 
other oy a Y-shaped portion of cartilage, which now presents traces of ossification, 
often by two or more centres. One of these, the os aeetabiM, forms the pubic part 
of the aee^bulum «ad fuses with the main parts of the bone Sibbut pn^rty. The 
ilium andlsoluum then become joined, and lastly the os puUs. and tfoougli 

the intert^n^n of this Yrshaped portion. At about the age of ffi|berty, os^on- 
tion takes |we in each of the remaining portions, and they wiUi the test ^ 
of the b^ne ^ween the twentieth and twenty-fifth years. Separate wntres .iMre 
freqnentBfbimd for the tubercle, crest and an^e of the os puW and tile stfine 
ofthe;iscl|ftmi* 
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The Pelvis 

The pelvis, so called from its resemblance to a basin, is a massive bony 
ring, interposed between the movable segments of the vertebral column which 
it supports, and the lower limbs upon which it rests ; it is composed of the 
two hip-bones laterally and in front, and the sacrum and coccyx behind. It 
is divided into the greater and the lesser pelvis by an oblique plane passing 
through the prominence of the sacrum behind, the arcuate line and pecten 
pubis laterally, and the upper margin of the symphysis pubis in front. The 
circumference of this plane is termed the^neq ot^pdvic brim. 

The greater pelvis (pelvis major), the expanded portion of the cavity 
above and in front of the pelvic brim, is formed on either side by the ilium 
and the ala of the sacrum. 

The lesser pelvis (pelvis minor) is that part of the pelvic cavity whicli lies 
below and behind the pelvic brim. Its bony walls are more complete than 


Fig. 401. — Diameters of superior aperture lesser pelvis (female). 



those of the^^greater pelvis. It possej=^ses an inlet bounded by the superior 
circumference, an outlet bounded by the inferior circumference, and a 
cavity. 

The superior circumference forms the brim of the pelvis, the included 
space being called the superior aperture or inlet (fig. 401). The superior 
aperture is somewhat heart-shaped, obtusely pointed in front; diverging on 
either side, and encroached upon behind by the forward projection of the 
promontory of the sacrum. It has three principal diameters : anteroposterior, 
transverse, and oblique. The anJteroposterior or conjugate diameter extends 
from the sacrovertebral angle to the symphysis pubis ; its average measurement 
hJ about 110 mm. in the female. The transverse diameter extends from the 
middle of the brim on one side to the same point on the opposite side ; its 
average measurement is about 135 mm. in the female. The oblique diameter 
extends from the iliopectineal eminence to the opposite sacroiliac articulation ; 
its average measurement is about 125 mm. in the female. 

The cavity of the lesser pelvis is bounded in front and below by the pubic 
rami and symphysis ; above and behind, by the pelvic surfaces of the saerum 
and coccyx ; laterally by a smooth, quaikangular area of bone, formed by 
the inner surfaces of the body and superior ramus of the ischium and of the 
body of the ilium. From this description, it will be seen that the cavity of 
the lesser pelvis is a short, curved canal, considerably deeper behind than in 
front. It contains, in the recent subject, the sigmoid (pelvic) colon, rectum, 
bladder, and some of the organs of generation. The rectum is placed at the 

O.A, u 
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back of the pelvis, in the curve of the sacrum and coccyx ; the urinary bladder* 
is in front, behind the pubic symphysis. In the female, the uterus and 
vagina arc placed between the rectum and the urinary bladder. 

The lower circumference of the pelvis is very irregular ; the space enclosed 
by it is named the inferior aperture or outlet {ng. 402), and is bounded behind 
by the apex of the coccyx, and laterally by the iscMal tuberosities. These 
eminences are separated by three notches : one in front, the pubic arch, formed 
by the convergence of tlie inferior rami of the ischium and os pubis on either 
side. The other notches, one on either side, are formed by the sacrum and 
coccyx behind, the ischium in front, and the ilium above : they are called the 
sciatic notches ; in the natural state they are converted into foramina by the 
sacrotiiberous and sacrospinous ligaments. When the ligaments are present, 
the inferior aperture of the pelvis is lozenge-shaped, and is bounded, in front, 
by the arcuate pubic ligament and the inferior rami of the ossa pubis and 
ischia ; laterally, by the ischial tuberosities ; behind, by the sacrotuberous 
ligaments and the tip of the coccyx. 


Fiii. 40‘2. — Diairietors ot* inferior aperture of lessor ]»elvis (female). 



The anteroposterior diameter of the infej’ior aperture of the pelvis extends 
from the apex of the coccyx to the lower part of the pubic symphysis ; its 
measurement is from 90 to 115 mm. in the female. It varies with the length 
of the coccyx, and is capable of increase or diminution, on account of the 
mobility of that bone. The transverse diameter^ measured between the posterior 
parts OT the ischial tuberosities, is about 115 mm. in the female.* 

Axes (fig. 403). — A line at right angles to the plane of the superior aperture 
at its centre would, if prolonged, pass through the umbilicus above and the 
middle of the coccyx below : the axis of the superior aperture is therefore 
directed downwards and backw^ards. The axis of the inferior aperture, pro- 
duced upwards, would touch the base of the sacrum, and is directed downwards 
and slightly backwards. The axis of the cavity — i.e. an axis at right angles 
to a series of planes between those of the superior and inferior apertures — ^is 
curved like the cavity it^lf : this curve is parallel to that of tjie sacrum and 
coccyx, and its extremities are indicated by the central points Of the superior 
and inferior apertures. 

. Position of the pelvis (fig. 403).— In the erect posture, the pelvis is placed 
obliquely with regard to the trunk : the piano of the superior aperture forms 
with (he horizontal an angle of from 60° to 60°, and that of the inferior 

* Tlfe measurenionts of the pelvis given above are fairlv accurate, but different figures are 
givoa t y varioDS authors, no doubt due mainly to difforence» in the physique and stature of tlhe 
popuiatw from whom the measurements have been taken. 



PELVIS 


307 


aperture one of about 15°. The pelvic surface of the symphysis pubis 
looks upwards and backwards, the concavity of the sacrum and coccyx down- 
wards and forwards. The position of 
the pelvis in the erect posture may 
be indicated by holding it so that the 
anterior superior iliac spines and the 
front of the top of the symphysis pubis 
are in the same vertical plane. 

Differences between the male 
and female pelves. — The female 
pelvis (fig. 405) is distinguished from 
that of the male (fig. 404) by its 
bones being more delicate and its depth 
less. The whole pelvis is less massive, 
and its muscular impressions arc not 
so marked. The ilia are larger, their 
posterior borders arc more . rounded 
and less vertical, and the anterior iliac 
spines more widely separated ; hence 
the greater lateral prominence of the 
hips. The superior aperture of the 
lesser pelvis is larger in the femaie thar 
in the inale ; it is more nejirly circulat , 
and its obliquity is greater. Tlw* 
cavity is shallower and wider ; the sacrum is shorter, wider, and its upper part 
is less curved ; the obturator foramina are triangular 'ii shape and are smaller 
in size than in the male. The inferior apertur.- is laiger and the coccyx more 
movable. The pre-auricular sulci are a.^re comm' ally present and better 
marked. The sciatic notches arc wider and shallow^ r, and the spines of the 
ischia project less inwards, 'fh?' acetabula are ^v^ider apart, smaller and look 


Fio. 403. — Median sagittal section 
of pelvis. 



Fig. 404. — Male pelvis. 



more distinctly forwards (Derry *). The ischial tuberosities are also wider 
apart^ and are more eyert^. The depth of the pubic symph 5 rBia is less, and 
the pubic arch is wider and more rounded than in the male, where it is an 

*Joxirml qf Anatomp and Phyntology^ vol. xllii. 
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angle rather thm an arch. The auricular surfaces for articulation with the 
sacrum usually involve only two vertebra, whereas in the male they extend 
over two and a half or three vertebra. 

The size of the pelvis varies not only in the two sexes, but also in different 
members of the same sex, and docs not appear to be influenced in any way 
by the height of the individual. Women of short stature, as a rule, have 
broad pelves. Occasionally the pelvis is contracted in all its dimensions, and 
its diameters may be as much as 12*5 mm. less than the average, and this 
even in well-formed women of average height. The principal divergences, 
however, are found at the superior aperture, and affect the relation of the 
anteroposterior to the transverse diameter. Thus the superior aperture 
may be elliptical either in a transverse or an anteroposterior direction, the 
transverse diameter in the former, and the anteroposterior in the latter, 
greatly exceeding the other diameters ; in other instances it is almost circular. 


Fig. 405.— Female pt'lvi.^. 



In the foaius, and for several years after birth, the pelvis is small in pro- 
portion to that of the adult, and the projection of the sacrovertebral angle 
less marked. The characteristic differences between the male and female 
pelves are distinctly indicated as early as the fourth month of foetal life 

Applied Anaiprny , — There i.s arrest of development in the bones of the pelvis in cases 
of extroversion of the bladder; the anterior part of the pelvic girdle is deficient, the 
superior rami of the pubic bones arc imperfectly developed, and the symphysis is absent. 
The pubic bones are separated to the extent of from two to four inches, the superior 
rami shortened and directed forwards, and the obturator foramina diminished in size, 
narrowed, and turned outwards. The iliac bones are straightened out in,ore than normal. 
The sacrum is very peculiar. The lateral curve, instead of being concave, is flattened 
out or oven convex, with the iliosacral facets turned more outward than normal, while 
the vertical curve is straightened.* 

Fractures of tho pelvis are divided into those of the greater and those of the lesser 
pelvis. Fractures of the peater pelvis vary in extent; a small portion of the crest may 
be broken, or one of the spinous processes may be torn off, or the bone may be extensively 
comminuted. This latter accident is the result of some crushing violence, and may be 
complicated with fracture of the lesser pelvis. These cases may be accompanied by 
injury to the intestine as it lies in the hollow of the bone, or to tile iliac vessels as they 
course along the margin of the lesser pelvis. A fracture of the lessor pelvis generally 
occuirs through the superior ramus of the os pubis and the inferior ramus of the ischium’, 
as the^ are the weakest parts of the bony ring, and may ho catised either by ctushin«» 
violence applied in an anteroposterior direction, when the fracture occurs from direct' 

• Wood. Heath’s Dictiomry of Practical Surgery, I 426. 
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force, or by compression laterally, when the acetabula are pressed together and the bone 
gives way in the samo place from indirect violence. Sometimes both sides of the pelvis 
are fractured, and it is in these cases that the contained viscera are likely to be injured : 
the urethra, the bladder, the rectum, the small intestines, the vagina, and oven the uterus, 
have all been lacerated by displaced fragments. hVacturcs of the acetabulum aro occa- 
sionally met with : either a portion of the rim may bo broken off, or a fracturo may take 
place through the bottom of the cavity, and the head of the femur be driven into the pelvic 
cavity. Separation of the Y-shaped cartilage at the bottom of the acetabulum may also 
occur in the young siibject, splitting the bone into its three portions. 

The coccyx is not infrequently displaced forwards to nearly a right angle with the 
sacrum by a kick or by a fall backwards. Tlie condition is attended with great pain in 
Avalking and on making any expiratory effort, such as coughing, defsecation, etc., because 
the Goccygoi and Levatores ani which form the pelvic diaphragm aro attached to this 
bone. Such injuries often give rise to severe persistent pain, which is exceedingly 
intractable and difficult of cure. The condition is known as coccygodynia, and for its 
relief removal of the coccyx has been practised. 

The pelvic bones often undergo important deformity in rickets, the effects of which in 
the adult woman may seriously interfere with child-bearing, demanding the premature 
induction of labour at a time when the foetus will not yet be too large for delivery through 
th(i contracted or deformed pelvis. The deformity is due mainly to the weight of the 
trunk, which presses on the sacroveitebrai angle an greatly increases it, so that the 
anteroposterior diameter of the pelvis ip diminished, and may measure as little as 
40 mm., the entrance into the pelvis becoming nmiform. In other eases all the pelvic 
bones give way, so that a general diminution in all the diameters of the pelvis results, the 
pelvic entrance becoming triangultu* or asyTP!».eirical If the pubic svinphysis he forced 
forwards, tho rickety pelvis may oven come to resemble closely the deformed pelvis of 
osteomalacia; in this disease the weight of the trimk o.muscs an increase in the sacro- 
vertcbral angle, and a lessening of the antcroposkjrior diameter of tho superior aperture, 
find at the same time the pressure of the heads of the fomoni oi, the acetabula causes these 
cavities, with the adjacent bone, to be pushed upward*' Mud ba* kwerds, so that the oblique 
diameters of the pelvis are also diminished, a 1 the cl^dt^ of the pelvis assumes a 
triradiato shape, witli the syn)physis pubis pushed forwards. 


The Femi *. 

Tho femur (figs. 407 and 408), the longest and strongest bone in the skeleton, 
is cylindrical in the greater part of extent. In th erer ]iosture it is placed 


Fid. 406. — Upper extremity of right femur, viewed from behind and above. 



obliquely, being separated above from its fellow^ by an interval which 
corresponds to the breadth of the pelvis, but inclining gradually downwards 
and medialwards, so as to approach its fellow below, for the purpose of 
bringing the knee-joint near the line of gravity of the body. The degree of 
this inclination varies in different peraons, and is greater in the female than in 
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Fio. 407. — Bight femur. Anterior surface. 

Obturator intemus 



the male^ on account of the 



extremities. 

The upper extremity (fitf. 
406) comprises head, a n^k, 
and a greater and lesser tro- 
chanter. 

The head is globular and 
forms rather more than a hemi- 
sphere ; it articulates with the 
acetabulum of the hip-bone, 
and is directed upwards, medial- 
wards, and a little forwards. 
Its surface is smooth, except 
at an ovoid depression, the 

which 

is situated a little below and 
behind the centre of the head, 
and gives attachment to the 
ligjomwtmu t^jSP of the hip- 
joint. 

The neck is flattened an- 
teroposteriorly ; it coimects 
the head with the body, and 
forms with the latter an angle 
of about 125^, The angle 
decreases during the period 
of growth, but after full growth 
has been attained it does not 
usually undergo any change; 
in the female, in consequence 
of the increased width of the 
pelvis, it is less than in the 
male. In addition to project- 
ing upwards and medialvf^ards 
from the body of the femur, 
the neck projects somewhat 
forwards ; the amount of this 
forward projection is extremely 
variable, but on an average is 
from 12"^ to 14°. 

The neck is contracted in 


the middle, and broader later- 
ally than medially. The verti- 
cal diameter of the lateral 
half is increased by the obli- 
quity of the lower ^ge, which 
slopes downwards to join the 
body at the level of the lesser 
trochanter ; the medial half 
is smaller, and of a more 
circular shape. The anterior 
surface of the neck is perforated 
by numerous vascular fora- 
mina. Along the upper part, 
and encroaching on the line 
of junction of this Surfacie 
with the head is a dhaUow, 
rough groove, best marked in 
elderly subjects.; groove 
the 

the capsule 
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The 'posterior surface is more 
c<Hicave than the anterior, and 
usually exhibits a shallow, 
oblique groj g^y^ for the, tendon 
of ; the 

posterior jpart of the capsule 
of the hip-joiht is attached 
to the neck about 1 cm. above 
the intertrochanteric crest. 
The sv/perior border^ short and 
thick,, ends laterally at the 
CTcater trochanter, and is per- 
forated by large foramina. The 
inferior border, long and narrow, 
curves a little backwards, and 
ends at the lesser trochanter. 

, The greater trochanter 
is a large, irregular, qiladri- 
lateral eminence, at the junc- 
tion of the neck and the upper 
part of* the body. It is 
directed upwards, lateral wards, 
and a little backwards, and, 
in the adult, its superior 
border is on a level with the 
centre of the head. It has 
two surfaces and four borders. 
The lateral surface, quadri- 
lateral in form, is broad, rough, 
convex, and marked by a 
diagonal impression, which ex- 
tends from the posterosupericr 
to the antejpoinferior angle, 
and serves for the insertion of 
the tendon of the^l3lute.q^ 
medius- Above the impression 
is a^riangular siuiace, some- 
times rough for part of the 
tendon of the same muscle, 
sometimes smooth for the inter- 
position of a buxa^ between the 
tendon and the bone. Below 
and behind the diagonal im- 
pression is a smooth, triangular 
surface, over which the tendon 
of the Qlutous maximus plavs, 
ga beluj^nlerposed, "The 
^ surface is of much less 
extent than the lateral ; at 
its base is a deep depression, 
the irodj^nleric fossa, for the 
insertion ^ "the tendon of 
the Obturator extemus, and 
above and slightly in front of 
this an impression for the 
in^rtion of the Ohtorjttpr 
OAmAli; The 
superior border is free ; it is 
thick and irregular, and near its 
centre is an impression for the 
P^formis. The 


Fig. 408. — Bight femur. Posterior surface. 
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of the trochanter with the lateral surface of the body ; it is marked by a rough, 
prominent, slightly curved ridge, which gives pj;jig|n to the upper part of the 
Vastus lateralis. The anterior border is prominent and somewhat irregular ; 
it affords insertion at its lateral part to the Glutasus minimus. The posterior 
border is a prominent rounded edge, which bounds the back of the trochanteric 
fossa, and forms the upper part of the intertrochanteric crest. 

The lesser trochanter is a conical eminence which projects from the lower 
and posterior part of the base of the neck. From it three borders extend ; 
two of these are directed upwards — a medial continuous with the lower border 
of the neck ; a lateral with the intertrochanteric crest ; the third or inferior is 
(iontinuous with the middle division of the linea aspera. The summit of the 
trochanter is rough, and gives insertion to the tendon of the Psoas major. 

A prominence, of variable size", occurs at the junction of the upper part of 
the front of the ncfik with the greater trochanter, and is called the iuberde of 
the femur. Running downwards and mcdialwards from it is the intertrochanteric 
line ; it winds round the medial side of the body of the bone, in front of and 
below' the lesser trochanter^ and ends about 5 cm. below this eminence in the 
linen aspera. Its upper half is rough, and affords attachment to the iliofemoral 
ligament of the hip-joint ; its low'er half is less prominent, and gives onj^n 
to the upper part of the Vastus mcdialis. On the posterior surface a prominent 
ridge, the intertrochanteric crests runs cbliquely downwards and mtdialwards 
from the summit of the greater trochanter to the lesser trochanter ; its upper 
half forms the posterior border of the greater trochanter. A slight ridge, the 
tinea quadraia, is sometimes seen commencing about the middle of this crest, 
and reaching vertically downwards for about 5 cm. along the back part of 
the body ; it gives attachment to the Qnadratus femoris and a few*^ fibres of the 
Adductor magnus ; as a rule, there is merely a slight thickening about the 
middle of the intertrochanteric crest, marldng the attachment of the up])er 
part of the Quadratus femoris. 

The body or shaft, almost cylindrical in form, is a little broader above than 
in the centre, broadest and somewhat flattened from before backwards below. 
It is slightly arched, so as to be concave behind, where it is strengthened by 
a prominent longitudinal crest, the linea aspera. It has three borders and 
tliree surfaces. Of the borders, one, the linea aspera. is posterior, one is medial, 
and the other, lateral. 

The tinea aspera (fig. 408) is a longitudinal crest, on the middle third of the 
bone ; it has a medial and a lateral lip, and a naiTow, rough, intermediate 
line. Three ridge: , lateral, intemicdiate and medial, run upwards from the" 
linea aspera. The lateral ridge is very rough, and ascends to the base of the 
greater trochanter ; it is termed the glutceal tuberosity^ and gives insertion to 
pari of the Glqt^aj.us maximus ; its ui)per part is often elongated into a 
roughened crest, on which a rounded tubercle, the tMxi trQchaniert is occasionally 
developed. The intermediate ridge or pe£,tij ^ ^ line. is continued to the base of 
the Ics^T trochanter and gives inscjrtion to the The medial ridge 

is lost in the intertrochanteric line. The lips of the linea aspera diverge below 
and are prolonged as two epicond\dic ridges, enclosing between them a triangular 
area, the popliteal surface, w'hich forms the upper part of the floor of the popnteal 
fossa. The lateral epicondylic ridge is the more prominent, and descends to 
the summit of the lateral condyle. The medial ridge is less marked, especially 
at its upper part, where it is cross^ by fhe femoral artery ; it ends below, at 
the summit of the medial condyle, in the addw^ tubercle, which affords inggetion 
to the tendon of the Adductor magnus. In aibout §6 per cent, of specimens a 
rounded tubercle is present^on fhe lower part of the popliteal surface, just 
above the medial condyle ; to it the upper part of the modfeL.fe^Ad^49lJ(bo 
Ga^peja^ps is attached.* 

From the medial lip of the linea aspera and its prolongations above and 
below, the Vastus ; and from the lateral lip and its upward 
prolongation, the Vastus lateraJjs takps The Add nfttnr i pfigmia ia 

inserted into the linea aspera, and to its lateral prolongatioiTi^dve^nd its 
mediSfl prolongation below. Between the Vastus lateralis and the Adductor 
magnits the (Sutasus maximus is attached above, and the the 

, * y. Q. Farsozu;, Journal of AmUmyrntd Physiology, vol. xlviii. p, 267, ami J. S. B. Stopford, 
Journal Anatomy and Physiology^ vol. xlix. p. 80. 
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Biggps f ernori s below. Between the Adductor magnus and the Vastus medialis 
four muscles are inserted : the Ilmcus and Pectineus above ; the AddnSSoi* 
brevk and Adductor belowT A little below the middle of the linen 

aspera is the oriHce of the n utrien t canal , which is directed obliquely upwards. 


Fio. 409. — Ijower extremity of right femur, viewed from be'iow. 



The lateral and medial borders of the femur are only slightly marked • the 
lateral extends from the anteroinferior angle of thr* greater trochanter to 
the front of the lateral condyle : the medial fruni the intertrochanteric line, at 
the level of the lesser trochanter, to the front of the predial condyle. 

The anterior surface of the body is between the lateral and medial borders : 
it is smooth, convex, broader above and belo.v than in the centre. The VpiStus 
hilgTOe(Uuja., arises from its upper ihree-fouri u.s, and from the upper part of its 
lower fourth the Artiqulam..gC 4 Uia .t^ake^jorigiii. Tlie lateral surface is between 
the lateral border and the linea aspera : it is continuous above with the lateral 
surface of the greater trochanter, he! >w with that, o!‘ the >'»teral condyle : the 


I’ra. 4J0. — Lateral snrfaeo of lower oinl of riglifc femur. 



Vertical groove 


Vastus intermedius arises from its upper three-fourths. The medial surface 
is betwem the medial border and the linea aspera ; it is continuous above with 
the low'er border of the neck, below udth the medial side of the medial condyle : 
it is covered by the Vastus medialis. 

The lower extremity (fig. 409), larger thm the upper, consists of two 
oblong eminences known as the cmdyl ^ ; in front, these are but slightly 
prominent, and are separated by a smooth shallow articular depression called 
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the iWjfotoe ; behind, they project considerably, and are separated by 

a deep notch, ti^e fa^sa. The lateral cmd/yle is the more pro- 

minent anteriorly, and is tn^roader both in its anteropos^rior and transverse 
diameters. The medial condyle projects to a lower level than the lateral, when 
the femur is held with its body perpendicular ; when, however, the bone is in 
its natural oblique position the lower surfaces of the two condyles lie in the 
same horizontal plane. The condyles are not quite parallel with one another ; 
the long axis of the lateral is almost directly anteroposterior, but that of the 
medial runs backwards and medialwards. Their opposed surfaces are small, 
rough, and concave, and form the walls of the mtercondyloid fossa ; this fossa 
is limited above by a ridge, the intercondyloid line, and below by the central 


Fig. 411. — ^Longitudinal section of head and neck of femur. 



part of the posterior margin of the patellar surface. The 
1 t te ]|gnee>.}oint is attached to the lower and front part of the medial 

wall of the fossa, and the anterior,.,Sx:aci^^ to the upper and posterior 

part of its lateral wall. Each condyle is surmounted by an elevation, the 
opicondyle. The medial epicondyh is a large convex eminence to w'hich the 
tibjLgil ppl^ateral lig 9 fint§!nt pf^thpj^nee-joint is attached. At its upper part is the 
aaductpr tut>ercle, already referred to, and behind it is a rough impression which 
gives origin to the medial head of the Gastrocnemius. The lateral epicondyh 
(fig. 410), smaller and less prominent than the medial, gives attachment to 
the fll^ ular cpUateral ligftpent of the knee-joint. Directly below it is a small 
depressioiTfronTw^ a deep, oblique groove curves upwards and backwards 
to the posterior extremity of the condyle. This groove is separated from the 
articular surface of the condyle by a rounded lip, across the anterior part of 
a vertical shallow groove descends from the depression. In the recent 
state these grooves are covered with cartilage. Tbe from 

the ilopression below the epicondyle ; its tendon Ues in the oblique groove 
knee is flexed and in the vertical groove when the knee is extended. 
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Above and behind the lateral epicondyfe is an area for the origin i)f the 
lateral head of thjL.G»gtrQcnemius. above and medial to which the 

The articular surface of tho lower end of the femur occupies the anterior, 
inferior, and posterior surfaces of the condyles. Its front part is named the 
pateUar surface and articulates with the patella ; it presents a median groove 
between two convexities, the lateral of which is broader, more prominent, and 
ascends farther than the medial. The lower and posterior parts of the articular 
surface constitute tho tibial surfaces for articulation with the corresponding 
condyles of the tibia onST the meniscu jof^ tfagi^Jknj^e - These surfaces are 

separated from one another by the mtercondyloid fossa and from the patellar 
surface by faint grooves which extend obliquely across the condyles. The 
lateral groove is the better marked ; it runs lateral wards and slightly forwards 
from the front part of the intercondyloid fossa, and expands to form a triangular 
depression which rests upon the anterior portion of the lateral meniscus when 
the knee-joint is fully extended. The medial groove is less distinct than the 
lateral, and exists only on the medial part of the condyle ; it receives tho anteiior 
edge of the medial meniscus when the knee-joint is ^tended. Where tho 
groove ceases laterally the patellar surface is seen ^ 

to bo continued backwards as a sein'^ .mar area i'uj. 412.— Sc^licme kIiowihc? di^ 
close to the anterior part of the intercondyloid position of pnru i])a.lcajji plIoiis 

fossa ; th^ semilimar area, articulates / ith the lamelljo in upper extremity nf 

ine^al vertical facet of the patella in forced 
flexion of the knee-joint. The tibial surfaces of 
the condyles arc convex from side to side and 
from before backwards. Each presents a double 
curve, its posterior segment being an' arc of a 
circle, its anterior, part of a cycloid.* 

Structure. — The body of the femur is a cylinder 
of compact bone, hollowed by a large medulhiry 
canal. The w'all of the cylinder is thick juo 
dense in tho middle third of th ‘ body, where the 
bone is narrowest and the medullary canal best 
formed; but above and below tbi- the wall 
becomes thinner, while the medullaiy canal is 
gradually filled up by spongy substance, so that 
the upper (fig. 411) and lower ends of the body, 
and the articular extremities more especially, 
consist of spongy substance, invested by a thin 
compact layer. 

The cancelli in the ends of the femur are disposed along the lines of greatest 
pressure and tension. In the upper end (fig. 412) the chief lamellse are arranged 
in the following manner. A series of bony planes at right angles to the articular 
surface of the head converge to a central dense wedge ; this wedge is supported 
by strong lamellse which extend to the sides of tho neck and are specially markccl 
along its upper and lower borders. Any force therefore applied to the head of 
the femur is transmitted directly to the central wedge and thence to the junction 
of the neck with the body. This junction is specially strengthened by a series 
of dense lamellae which extend from the lesser trochanter to the lateral end of the 
superior border of the neck ; this arrangement will obviously oppose considerable 
resistance to cither tensile or shearing force. A smaller oar stretching across 
the junction of the greater trochanter .with the neck and body resists the shearing 
force of tho muscles attached to this prominence. These two bars, one at the 
junction of body and neck, the other at the junction of body and greater trochanter, 
form the upper layers of a series of arches which extend across between the sides 
of the body and transmit to the body forces applied to the upper end of the bone. 
In the spongy substance of the neck is a thin vertical plate of bone, the edtear 
ffynorale, which springs from the compact wall of the body in the region of tho 
linea aspera. Medially it is attached to the inner surface of the posterior wall 
of the neck of the bone ; laterally it continues the plane of the posterior wall of 
the neck into the greater trochanter, where it shades off into the general spongy 

* A cycloid is a curve traced by a point in tho circumference of a wheel when the wheel is 
rolled along in a straight lino. 
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substance. It is thus situated in a plane anterior to the intertrochanterio crest 
and to the base of the lesser trochanter (fig. 413). 

In the lower end, the cancelK spring on all sides from the inner surface of the 
cylinder, and descend in a perpendicular direction to the articular surface, the 
cancclli being strongest and having a more accurately perpendicular course above 
the condyles. In addition to this, there are horizontal planes of cancellous tissue, 
so that the spongy substance in this situation presents an appearance of being 
mapped out into a scries of cubical spaces. 

Ossification (figs. 414, 4If5, 416). — ^The femur is ossified from five centres : one 
each for the body, head, greater trochanter, lesser trochanter, and lower extremity. 


Fig. 413. — Oblique soctioji of upper ex- 
tremity of femur showing calcar fcmoralo. 



Fig. 411. — Plan of ossifioation of the femur. 
Firnn five centres. 


Appears at 
Uth year; 
joins body 
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Lower extremity 


Joins body at 
loth year 


Except the clavicle, it is the first of the long bones to show traces of ossification ; 
the latter begins in the middle of the body in the seventh week of foetal life, and 
extends upwards and downwards. The secondary centres appear as follows : 
in the lower extremity, during the ninth month of foetal life (from this centre the 
condyles and epicondyles are formed) ; in the head at the end of the first year 
after birth ; in the greater trochanter during the fourth year : and in the lesser 
trochanter between the thirteenth and fourteenth years. The epiphyses, derived 
from the secondary centres, fuse independently with the body after puberty ; the 
lesser trochanter joins first, then the greater, then the head, and, lastly, the inferior 
extremity which is not united until the twentieth year. 

Applied Anatomy , lower eud of the femur is the only epiphysis in which ossifica- 
tion has eommencefl at the time of birth. The presence oi this ossific centre is, therefore, 
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a proof, in a newly-born child found dead, that the child has arrived at the full period of 
uterogebtation , and is always relied upon in medico-legal investigations. The position of 
the epiphysial plate should be carefully noted. It is on a level with the adductor tubercle, 
and the epiphysis does not, therefore, foim the whole of the synovial covered portion of 
the lower end of the bone. It is essential to bear this point in mind in performing 
excision of the knee, since growth in length of the femur takes place chiefly from the lowei- 
epiphysis, and any interference with the epiphysial cartilage in a young child would 
involve such ultimate shortening of the limb, from want of growth, as to render the limb 
almost useless. Separation of the lower epiphysis may take place up to the age of twenty, 
at which time it becomes completely joined to the body of the bone; but, as a matter of 
fact, few cases occur after the age of sixteen or seventeen. The epiphysis of the head of 
the femur is the seat of origin, in a large number of cases, of tuberculous disease of the hip- 
joint. In the majority of cases the disease begins in the highly vascular and growing 


Fig. 415. — Epiphysial lines of femur 
in a young adult. Anterior aspect. 


Fig. 416. — ^Epiphysial lines of femur 
in a young adult. Posterior aspect. 





TIio lines of iittaehiucnt uf the .'irticnlur ciipsiiles 
ttro In blue. 


The lines of .ittaehuient of llio ai 1 icul.-ir eui'- 
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tissue at the end of the body in the neighbourhood of the epiphysial cartilage, and extends 
into the joint. The epiphysis for the head is entirely intracapsular. 

Fractures of the femur are divided, like those of the other loug bones, into fractures of 
the upper end ; of the body ; and of the lower end. The fractures of the upper end may 
be classified into (1) fracture of the neck ; (2) fracture at the junction of the neck with 
the greater trochanter; (8) fracture of the greater trochanter: and (4) separation of the 
epiphysis, either of the head or of the greater trochanter. The first of these, fracture of 
the neck, is usually termed intracapauhr fracture, but this' is scarcely a correct designa- 
tion, as, owing to the attachment of the articular capsule, the fracture is partly within 
and partly without the capsule when the fracture occurs at the lower part of the neck. It 
generally takes place in old people, principally women, and usually from a very slight 
degree of indirect violence. Probably the main cause of its occurrence in old people is 
the senile degenerative change which takes place in the bone. Merkel believes that it is 
mainly due to the absorption of the calcar femoralo. As a rule the fragments become 
united by fibrous tissue, but frequently no union takes place, and the opposed surfaces 
become smooth and ebumated. 
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Fractures at the junction of the neck with the greater trochanter are usuaUy termed 
extracapsulaTf but this designation is also incorrect, as the fracture is parUy within the 
capsule, which is attached in front to the intertrochanteric line below the line of fracture. 
These fractures are produced by direct violence to the greater trochanter, as from a fall 
laterally on the hip. From tho manner in which the accident is caused the neck of the 
boue is driven into the trochanter, where it may remain impacted or the trochanter may 
be split into two or more fragments, disimpaction resulting. 

Fractures of tho body may occur at any part, but the most usual situation is at or near 
the centre of tho bone. They may bo caused by direct or indirect violence. Fractures of 
the upper third of the body are almost always the result of indirect violence, while those 
of the lower thii’d are the result, for tlio most part, of direct violence. Fractures of the 
body are generally oblique, but they may be transverse, longitudinal, or spiral. The 
transverse fracture occurs most frequently in children. Tho fractures of the lower end of 
the fernur include transverse fracture above the condyles, the most common ; and this 
may be complicated by a vertical fracture between the condyles, constituting the 
T-shaped fracture. In these cases the popliteal artery is in danger of being wounded. 
Oblique fracture separating cither the lAedial or latcr.al condyle, and a longitudinal 
incomplete fracture between the condyles, may also take place- 

The femur and the bones of tin* leg are frequently tho scat of acute osteomyelitis 
in children. This is no doubt dm*, to their greater exposure to injury, which is often 
the exciting cause of this disease. Necrosis of portions of tho diaphysis frequently ensue, 
especially in the region of the popliteal surface of tho femur, and tho disease may continue 
for years, great trouble being experienced with discharging sinuses which periodically 
close and reopen to allow of tho exit of pieces of dead bone. 

Tumours are not infrequently found growing from the femur : the most common forint 
being sarcoma, which may grow either from the periosteum or from tho medidlary tissue 
within the interior of the hone, and exostosis, wdiicb commonly origin.ates in tlie neigh- 
bourhood of the epiphysial cartilage of the lower end. Tlic periosteal sarcomata of the 
femur and most of the central growths arotisually of a very nigh degree of malignancy, 
although the ‘ myohncl ’ growth, which is of but low malignancy, may .also bej found. Tho 
region of the. lower epiphysial lino is by far the commonest seat for .all these tnrnonrs, and 
it should be noted that the hnver epiphysis has the longest pt’Hod of active growth, and 
that thes(? tumours usually appear towards ^he end of the ])cri'>d of active growth of 
the bone. 

Sarcomata about tlio upper end of the hmur are ^oen occasionally, hut very rarely in 
conip.arison with those at the lower end. Secondary carcinoma also occurs in this bone, 
most commonly due to a primary focus in the m.unma, and .‘'ponmneons fracture f)f the 
b(»no may take place in ihe.se case.s. 


The Tibia 

The tibia (figs. 418 and 419) is situated at the medial side of the leg, and,, 
excepting the femur, is the longest bone of the skeleton. It is prismoid in 

form, expanded above, where it 
enters into the formation of the 
knee-joint, contracted in the lower 
third, and again enlarged, but to a 
lesser extent, below. It has a body 
and two extremities. 

The upper extremity (fig. 417) 
is expand^ into two enlmenccs, 
the medial and lateral condylesy the 
superior surfaces of which are smooth 
and articular. The medial articular 
smface, oval in shape, is ali^liy 
concave from side to side, and from 
before backwards; the lateral, nearly 
circular, is concave from side to 
side, but slightly convex from.brfore 
backwards, especially at its posterior 
part, where it is prolonged on to 
the posterior surface for a short distance. The central por^mpfi, ,Q^Ji|iese 
suif 5 ^.^^ jirti§ulate with the condyles of the ferauri* wTiffe tlieir 
port^i^s. support the .menm of the haee-joiijjk, wticTi here intervehe between 
the liones. Between the articular surfacira, nearer posterior than the 
anjiisri^ mrt of the ^ne, is the 

mr^ted on either side by a prominent tubwcle, oplme iddee dt 'ir*''' the 


Fir 417. — Tippfir surface of right tiliia. 

Tiihfrositif 



intercondyloid eminence 
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articular surfaces are prolonged ; in front of and bdnnd the intercondyloid 
eminence are rough depressionsi the anUripr 

for the attachment of the cruciate ligaments the menisci of the knee-jqtot. 
The anterior surfaces of the condyles are continuous with one another, forming 
a large, triangular, somewhat flattened area ; this area is perforated by vascular 
foramina, and ends below in an oblong elevation, the of tibia,' 

Avhich gives attachment to the ligamentum patell® ; a bursa intervenes between 
the deep surface of the ligament and the part of the bone immediately above 
the tuberosity. The medial condyle is grooved posteriorly, for the ingej^i^ 
of the tendon of the Sejnimembranosus ; its medial surface, convex, rough 
and prominent, gives attachment to the posterior part of the tihiaLjaollajl^^ 
ligament. The lateral condyle presents posteriorly a flat, nearly circular, 
articular facet, directed downwards, backwards, and lateralwards, for articula- 
tion with the liead of the fljbtui^* It® lateral surface is convex, rough and 
prominent in front : on it is an eminence, situated on a level with the upper 
border of the tuberosity and at the junction of its anterior and lateral surfaces, 
for the attachment of the iUoJfeU>ial.ta^t or band^of -theJEaaoia».lata. Just below 
this a slip from the tendon of the Bicepj^ femoris is ins^cted, and a small part 
of the Extensor ^gito]r^m. longus takes o^in. 

The body or shaft hias three crests or margins and tlnee surfaces. 

The anterior crest or shin^ the most prominent, begins above at the Iniberosity, 
and ends below at the anterior margin of the medial malleolus. It is sinuous 
and prominent in its upper two-thirds, but smooth and rounded below ; it gives 
attachment to the deep f ascia of the leg. 

The medial margin is smooth and rounded above and below, but more 
prominent in the centre ; it begins at the posterior part pf the medial condyle, 
and ends at the posterior border of the medial malleolus ; its upper part gives 
attachment to the tibial collateral ligament of the knee-joint to the extent of 
about 5 cm., and insertion to some fibres of the Popliteus ; from its middle 
third some fibres of the Soleus and Flexor digitorum longus take origin. 

The interosseous crest gives attachment to the crural iuterosseouamambrane 
(fig. 422) and is most distinct in the middle third of the bone ; it begins above 
in front of the fibular articular facet, and bifurcates below to form the 
boundaries of a triangular rough surface, the fibular notch, for the attachment 
of the interosseous ligament connecting the tibia and fibula. * 

The medial surja e is smooth, convex, and broader above».>than below ; 
its upper third is covered by the aponourosia derived frpmt,,^jhLe,,. tendon of the 
Sartoriusj and by the tendons of the Gracilis and Semitetuihsosus which are 
inserted into this part of the bone ; the rest of the surface is subcutaneous. 

The lateral surface is narrower than the medial ; on ite upper two-thirds is a 
shallow groove for the o^in of the Tibialis anterior ; its lower third is smooth, 
convex, emwes gradually forwards to the anterior aspect of the bone, and is 
covered by the tendons of the Tibialie, anterior, Extensor he>Uucis loi^us, and 
Extena^ , digitorum longus, arranged in this order from the medial side. 

At the upper part of the 'posterior surface (fig. 419) is a prominent ridge, 
the popliteal line, which descends obliquely from the fibular articular facet 
to the me^al border, near the junction of its upper and^middle thirds ; the 
fascia covering the Popliteus muscle is attached to it, and paiitevo£.4Jm Si^us, 
Fle^..digitorum longus, and Tibiiyii 3 . pOiterfor take orijp from it. Above 
the line is a triangular area, into the greater part of which the PopUteus is 
inserted ; immediately below the line is €he nutrient, foramen, which is large 
anff^irected obliquely downwards. ,The middle third of the posterior surface' 
is divided into two areas by a vertical ridge which begins at the popliteal line 
and is usually well marked above, but indistinct below ; the medial and broader 
area gives origin to the Flexor ^gitorum longus, the lateral and narrower to 
.ipart of the Tibialis posterior. The lower part of the posterior surface is smooth 
A and covered by the Tibialis posterior, Mexor digitorum lonms, and Flexor 
hallucis longus. ~ 

Tub lower extremity is prolonged dovmwards on its medial side as a 
strong process, the The inferior articular surface is qUadri- 

later^, and articidat^ with the talus. It isi broader in front than behind, 
cema,^ from before backwards, and"d^ the middle is traversed id this direction 
'hy a slight elevsetion. It is continuous with the articular surface; on the lateral 
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side of the medial malleolira. The anterior surface is smooth and rounded 
above, and covered by the tendons of the Extensor muscles ; at its lower 
maf^n a furrow for the attachment of the ayt j ^ fii^ ar ca^^psule of the ankle-joint. 
The lateral part of the posterior surface is traversed by a shallow groove, directed 
obliquely downwards and medialwards, in which the tendon of the Flexor 
hallncis longus lies. On the lateral surface is a triangular rough depression, 
the fibular nokh, for the attachment of the interosseous ligament connecting 
t^ tibia with the fibula ; in the recent state, the lower border of this notch 
is occasionally covered with cartilage, and articulates with the fibula. The 
notch is bounded by two prominent borders, continuous above Avith the inter- 
osdls^us crest ; their lower parts afford attachment to the.^q ffl terior and posterior 
,af the. 1^^^ 

The medial malleolus is a strong pyramidal process, flattened from side to 
side. Its medial surface is convex and subcutaneous ; its lateral or articular 


Fig. 420. — Plan of ossification of tlio tihia. 
From three centres. 


Fig. 421. — Epiphysial lines of tibia 
and fibula in a young adult. 
Aixuerior aspect. 



The line> of iittm hincnt of the articular 
oapfliilos are in blue. 


surface, smooth and slightly concave, articulates with the talus ; its anterior 
border is rough, for the attachment of the anterior fibres of the deltoid ligament 
■of the ankle-joint ; on its 'posterior border is a broad groove, the mall^lar sulcus » 
directed obliquely downwards and medialwards, and occasionally double ; it 
lodges the tendons oi the Tibiaiis pasterior and Flexor digitorum longus. The 
summit of the malleolus is marked behind by a depression, for the attachment 
of the d eltoid l^ame nt. 

StriiotureT^^^iSKe of the tibia is like that of the other long bones. The 

compact waU of the body is thickest at the junction of the middle with the lower 
one-third of the bone. 

Ossification. — The tibia is ossified from three centres (figs. 420, 421) : one for 
the body and one for either end. Ossification begins in the centre of the body 
about the seventh week of foetal fife. The centre for the upper end appears before 
qr shortly after birth, and. from it a thin tongue-shaped process extends downwards 

G.A, 
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in front, to form the tuberosity (fig. 421) ; the centre for the lower end appears 
in the second year. The lower end joins the body at about the eighteenth year ; 
the upper about the twentieth year. Two additional centres occasionally exist, 
one for tlie tongue-shaped process of the upper end, which forms the tuberosity, 
and one for the medial malleolus. 


The Fibula 

The fibula (figs. 418 and 419) is placed on the lateral side of the tibia, with 
which it is connected above and below. In proportion to its length it is the 
most slender of all the long bones. Its upper extremity articulates with the 
back of the lateral condyle of the tibia, below the level of the knee-joint. The 
bone inclines a little forwards so that its loAver extremity or lateral malleolus 
is on a plane anterior to that of the upper end ; it projects below the tibia, and 
forms the lateral part of the ankle-joint. 

The upper extremity or head is of an irregular quadrate form, and has a 
flattened articular surface, directed upwards, forwards, and inedialwards, for 
articulation with the lateral condyle of the tibia. On its lateral side is a thick 
and rough prominence, continued behind into a pointed eminence, the 

which projects upwards from the posterior part of the head. 


Fio. 422. — Tninsvcrsc spotion of t’hia and fibula, showing ;xttacljnujnt of 
interosseous membrane. 



The prominence, at its upper and lateral part, gives attachment to, the tendon 
of the tScQps, fciporifcr and to the fibula. PQUatecol ligament of the knee-joint, 
the ligament dividing the tendon into two parts. The remaining part of the 
head is rough, for the attachment A muscles and ligaments ; in front is a 
tubercle for the origin of the upper fibres pf tjio Iqngus, and a surface 

for the attachment of the anterioTligament of the hpjie ; behind, 

another tubercle, for the attac lihient of the nos terior liga ment of the head 
and a few fibres of the Sole us. 

The body or shaft Tfia.s four borders — anterolateral, anteromedial, postero- 
lateral, and posteromedial ; and four surfaces — anterior, posterior, medial, 
Sind lateral. 

The anterolateral border begins xbove i >ont of the head, runs verticaUy 
downwards to a little below the middle of the bone, and then curving lateral- 
wards, bifurcates to embrace a triangulaf subcutaneous surface immediately 
above the lateral malleolus. This border gives attachment to the 
fi^ular which separates.- the- l&tense^ the 

ant53m: aurf^o of the leg brevis on 

the lateral surface. 

Ttie anteromedial border ^ or intero8$eou8 crest, is close to the medial side 
otthe anterolateral border, and runs nearly parallel with it in the upper third 
<jf its eitent, but diverges from it in the lower twi^thiids. It bepus above 
jifet belo;w the head of the bone, and^is somotim^!’^uite indistifiot for about 
01 %. ; it ends at tiha apex of a roi^h triangidar stizfaoe which is situated 
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above the articular facet of the lateral malleolus. It serves for the attachment 
of the cruj^lJIgjfeE^^ ipuembrane (fig. 422) which separates tfeo e:^tensor 
Tuuscles inTt^opt from the flexor mi^les behind. 

TMh ^oaterotateral border , is pmininent ; it begins above at the styloid 
piovess of the head and ends below in the posterior border of the lateral mal- 
Joohis. It is directed lateralwards al .ve, backwards in the middle of its 
coarse, backwards and a little medialwards below, and gives attachment to 
the postjea*iMJOtmlaac,i^^ which separately the Feronsei on the 

lateral surface from the Flexor muscles on the posterior surface. 

The ^posteromedial border, sometimes called the obli^e^. begins above 
at the medial side of the head and ends by joining the interosseous crest 
at the lower fourth of the bone ; it is well ' n. rked and prominent at the 


Flo. 423. — Lover -‘xLyiijity of right fibula. 
Modiai rar.'ci. 



FT(^. 424. — Plnn of ossification of 
the fibula. From three centres. 
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Upper and middle parts of the bone, gives attuehment to an aponeurosis 
wb’'’h separates the Tibialis posterior fiom tlic Soleus and Flexor halliiois 
laugys. " : ' 

I'^lie anterior surface is the interval botttcen the anterolateral and antero- 
• etlial borders. It is narrow and flat hi tlic upper tliird of its extent ; broader 
id grooved longitudinally in its lower third ; it serves for the origin of 
tl'.e Extejaspr hallucis lotigus. and Peroiueus 

V'dius- 

The posterior surface is between the posterolateral and posteromedial 
borders ; it is continuous below with the triangular area above the articular 
.surface of the lateral malleolus, and is directed backwards above and medial- 
wards below. Its upper third is rough for the orig in of the SgJsjls ; its lower 
part, triangular in shape, is connect to the tibia by a strong, interosseous 
ligament ; the intervening part is covered by the fibres of origin of the Floxur 
ha][j[i ,ipi&..J Uipgu.s. Near the middle of this surface is the nutrfi^pjt. ..foramen, 
which is directed downwards. 

The medial surface ^ between the anteromedial and posteromedial borders, 
is concave and gives to part of the Tij2igU&tpQa^ 

The fatemiJ the anterolateral and posteralateral bcurders. 
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Broad and often deeply grooved, it is directed lateral wards in its upper 
two-thirds, and backwaixls in its lower third, where it is continuous with the 
posterior border of the lateral malleolus. This surface gives <)rigin to the 
and brevis, and its lower part is covered by the tendons of 

these muscles. 

The lower extremity, or lateral malleolus, is of a pyramidal form, 
and somewhat flattened from side to side ; it descends to a lower level than 
the medial malleolus. The lateral surface is convex, and continuous with the 
triangular, subcutaneous surface on the lateral side of the body. The rneflml 
surface (tig. 423) presents in front a smooth triangular surface, convex from 
above downwards, which articulates with the lateral side of the talus. Behind 
and beneath the articular suHace is a rough depression for the attachment 
of the posterior lalolibiilar ligament • The anterior border is thick and rough, 
and marked below by a dojircssiou for the attachment of the anterior' 'talo- 
fibular ligament, 'ilie poHlenor border is broad, and presents a shallow 
groove which is traversed by the tendons of the Peronaai longus and 
brevis. The smnymt is rounded, and gives attaohmoiit to the calcaneo- 
fibular ligament . 

Ossification. -The iibula is ossified from three centres (fig. 424) : one foi* the 
body, and one for either end. Ossification begins in the body about the eighth 
week of fcctal life, in the low’or end during the secoj\d year, and in the tipper about 
the fourth year. The lower e]»iphysis, the lirst to ossify, unites with the bt)dv 
about the twcuitieth year ; tlu' iipjier about the twtnity-liftli yrar. 

Applied AnatovLij.-~]ii fnietures of ibe hones of the log, both bones arc generally 
invohed, but either hone may bo broken separately, the fibula more fri cjuently than tV 
tibia. Fracture of both Ixnies may be eaiisea by either direct or indirect violence. When 
it occurs from indirect force, the fvaeture in th.’‘ tibia is at the junction of the middle witli 
the lowiT oiKi-third of the hmo. Many cjuises eonduc'c to render this the weakest part of 
the bone. The fraeture of the filjula is Ufsiially at a rather higher level. These fractures 
present great variety, both as regards their direction tuid condition. They may bo oblique, 
transverse, longitudinal, or spiral. When ohlitpic, they are for the most part the result 
of iiidirect violence, and the direction of the fracture is downwards, forwards, and medial- 
ward.s in many eases, but may be downwards and lateralwards, or downwards and baek- 
wards. When trmisverse, the fracture is often at the upper part of the bone, and is the 
result of direct vioe^'ce, Tiio spinil fracture of the tibia generally starts as a vertical 
fissure, involving tl. mkh'-joint, and is associated w ifli fracture of the fibula higher up. 
It is the result of torsion, from twisting of the body wliile the foot is fixed. 

Fractures of the tibia alone arc almost alwfi/s the result of direct violence, except 
w^herc the malloolu.s is broken off by tw ists of the loot. Fraciin-es of the fibula .alone may 
arise from indireed or direct fon'c, those of the lower end being iisuallv the result of the 
former, and those higher up being paused by a direct blow^ <>n the part. 

I’hc tibia is the bone wliicli is most romnionly and most extensively distorted in rickets. 
It bends at the junction of the middle and lower third, ils w'oakcst’part, and presents a 
curve forwards wdtli generally some lateral displacement. 

The tibia is more often the seat of acute infective necrosis tlian any other bone in the 
body, and with the formatimi of the sequestrum a large amount of new bony material is 
thrown out by the poriostf-uni. The, sequence? of events in this disease can bo^ very closely 
follow’ed ill the case of the tibia, and it is not uncommon to find a patient from whom 
the whole diaphysis of the tibia has been removed, going about witli a new bone entirely 
of periosteal formation. Chronic bone abscess is more frequently met with in the 
cancollous tissue of the head or low'cr end of the tibia than in any other bone in the 
body. Thesi? abscesses arc very chronic, and in mosb cases tin? result of tuberculous 
ostitis, although they are sometimes due to the orgnni.sms of suppuration or oven the 
baeillus typhosus. 


TiTK l^ATEr.LA 

The patella (figs. 425 and 426), the largest of the sesamoid bone.s, is situated 
in front of the knee-joint in the tendon of the Quadriceps femoris muscle. 
It is flat and triangiilar, and has an anterior and a posterior surface, three 
borders, and an apex. 

The anterior surface is convex, perforated by apertures for the passage of 
nutrient vessels, and marked by numerous rough, longitudinal strise. It is 
separated from the integument by a bursa and is egyered, in the recent state, by 
an expansion from the tepdon .of the Quadriceps femoris, which is cemtinuous 
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below with the superficial^ fibres of the ligamentum patellai. The posterior 
surface presents above a smooth, oval, articular area, divided into two facets 
by a vertical ridge ; the 

Fi(i. 425. — Right patella. Fio. 126.— Right patella. 


Anterior siirfa(?c. 


Pofstorior surface 




ridge corresponds to the 
groove on the patellar 
surface of the femur, and 
the facets to the medial 
and lateral parts of the 
same surface ; the lateral 
facet is the broader and 
deeper. Below the arti- 
cular surface is a rough, 
convex, non - articular 
area, the lower part of 
which gives attachment to 
the liga ment um pateJJa) ; 
the uppcFparib ]s separated from th(‘ head of th(. tibia by fat. 

The base or superior border is thick, and slop .1 from behind, downwards, 
and forwards : it gives, attachment. e:» ept near its posterior margin, to that 
portiojLof the Qpg^iceps femoris which is derived from the Rectus femoris and 
Vastua intefiacdius. The medial and la/« d borders are thinner and converge 
below : they give attachment to those portions of, the .Quadriceps honoris 
which are derived from tKo^Vasti inedialis and lateralis. Near Hie junction 
of the superior and lateral borders is a small shallow circular depression inlo 
which a part of the tendon of the Vastus lateralis is inserted. 

The aper is pointed, and gives attachment to ili ‘ ligamentum patella). 

Structure. The patella consists of a ncarl} unilorm dense spongy substance, 
covered by a thin compact lamina The cancelli inimc*(liat» iy beneath the aiiteiior 
surface are arraiiged parallel witii it. In the re^f of the bone tliey radiate; from 
the ariiculaV surface towards the othe • parts of t' one. 

Ossification.— -The patella is os.sified from a single centre, which usually makes 
its appearance in the second or third year, but may be dehiycc’ until the, sixtli year. 
Ossification is completed about the age nuberfcy. 


Applied Analomp . — Fractures of the patella are of frequent f^cciirrerice. They arc 
most often produced by muscular action —tliat is to by vi»»leut contraction of the 
Quadriceps femoris while thn limb is in a positio^i of semiflexiun, that tin* hone is 
snapped across the condyles of the femur and tlie fracture is trarii^\erse. P’racturc of the. 
patella i.s also pri;duced by direct violence, such as odls on the kui'c, and here th,; fracture 
is usually stellate and the l)()ne coTuminuted, Owing to thi* ilispJacemont the frag- 
tnents, and the difficulty there is iu inointaiuii g tin a in apportion, iciion takes place by 
fibrous tis.sne which may subscfpu'utly stretch, prodiu iug Avide separation of the frag- 
ments and ptuananent lameness. Really satisfactory results after this fracture arc 
generally only to be obtained by op^^'iiing the joint and wiring the fragments together, and 
this is (Aspecially so when there is marked separation f»f 1h'^ fragments owing to laceration 
of the retinacula. 

If the fracture involve only the lownr and non-ioticular part of the bone, it is an 
anatomical possibility for such to take place without iiijiiry to the synovial stratum and 
without involving the cavity of the knee-joint. 


THE SKELETON OF THE FOOT 

The skeleton of tlio foot (figs. 427 and 428) consists of three parts : the 
tarsus, metatarsus, and phalanges. 


The Tahstts 

The tarsal bones (ossa tarsi) are seven iu number : viz. the talus, cal- 
oaneus, navicular, first, second, and third cuneiforms, and the cuboid. 
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Fto. 427. — Bones of the right foot. Dorsal surface. 
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Fio. 428. — Bones of the right foot. Plantar surface. 
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The Talhs (tigs. 429 to 432) 

The talus (astragalus), tl^e second largest of the tarsal bones, supports 
the tibia and rests on the calcaneus ; it articulates on either side with the 


Fui. 429. — Left talus, from above. 


For mnlinl malleolus' 
Head\ 

XfcK I 



Lott nil litbtrrh 


Fig. 4JiO.-'Ltft talus, fiom below 


For planlar nalcaneonavicular ligaint nt 
\ Tor navicular hone 

\Antcrior calrnmal art U nlur surface 


Sulcus tali 



Posterior calcaneal articular 
surface 


hateial tubercle 
^Sulcus for Flexor hallucis lontjus 
Middle calcaneal articular surface 


malleoli and in front with the navicular bone* It consists of a head, neck, 
body, and trochlea. 

The head is directed forwards and medialwards. Its anterior or navicular 
is oval and convex, with its long axis running downwards and medial- 
WMds ; it articulates with the concavity of the navicular bone. On the inferior 
ifurface of the head are three articular areas. The largest and hindmost, 
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termed the articulates with, the upper siuface of the 

sustentacul.ulKLJt»li. Anterior and lateral to this surface, and as a rule con- 
tinuous with it, is the tmipiigir f^drn ^iL ^/ujiejac^., quadrilateral or irregularly 
oval in shape, for articulation with the anterior part of the upper surface of 
the calcaneus. Sometimes the anterior and middle calcaneal articular surfaces 
are partly or wholly discontinuous. Medial to the anterior calcaneal surface 
is a triangular, convex area, which extends on to the medial side of the head ; 
it rests on the inferior calcaneonavicular ligament and on the anterior part of 
the deltpidjigament of the ankle-joint. 

The lieck is the constricted part connecting the head with the body. Its 
s'U 2 >eTior and medial surfaces are rough and perforatecl by vavsciilar foramina. 


Fig. 431. — Left talus, medial surface. 


Truchha for tibia 



Fig. 432. — Left talus, latciMl stirfaec. 
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The auperior surface gives attachment to the talonavicular ligajflejDt, and a 
depression on it, immediately in front of the superior surface of the trochlea, 
revives the anterior edge of the lower end of the tibia when the foot is flexed 
at the ankle-joint. The lateral surface is narrow, concave, and contmuous 
with the inferior surface, which consists of the If^iit *1 deep groove, wide 

in front and narrow behind, and directed forwards and latcralwards ; in the 
articulated foot the sulcus tali overli^the sulcus calcanei and the two sidci 
form the sinvs.MfM> * tunnel which is filled, m the recent condition, with 


the iotor nsseoua talocalfifineaLiiga menr. , , . . • 

The bodyTsTSe cuboidal posterior part of the bone, and from its upper 

surface the articular eminence termed the trochlea projects. The superior 
surface of the trochlea articulates with the lower end of the tibia ; it is broader 
in front than behind, convex from before backwards, and slightly concave 
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from side to side. Its medial margin is straight, but its lateral is curved and 
inclines medialwards posteriorly where it usually expands into a small trip 
angular facet * which comes into contact , wth the inferior tramverse.Ugament 
of the anjcle-joint during fi^Hdn of that articulation. The medial surface of the 
trochlea articulates with the medial malleolus : it is pear-shaped, with the blunt 
end directed forward. Below this surface is a rough, depressed area on the 
body for attachment j;i£„th& deep parted the .deltoid bgament of the ankle-joint. 
The lateral surface of the trochlea articulates with the lateral malleolus. It 
is concave vertically, triangular in outline with its apex downwards. Below 
the apex, the body projects as a rough, triangular eminence, named the 
process ; to it the lateral. talocalcaaieal-ligAmen^ is attached. In front <3 t^he 
artiTular sm*face for the lateral malleolus is a rough impression for the CiBtfijcior 


Fro. 4133. — Loft calc^inous, siiporior 
surface. 


Fro. 484. — Left calcaneus, inferior 
surface. 
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taMhular ligament, while below and behind it is a groove in which a part 
of the posterior jalptibular ligament is implanted. 

On the surface of the body is the which 

is large in size and oval in form for articulation with the upper surface pf ^he 
calcaneus. It is limited in front by the\sulcus tali and is deeply concave in 
the direction of its long axis, which runs forwards and lateral wards at an angle 
of about 45"^ with the median plane. t 

The postetior surface of the body is small, and projects backw'ards the 
yo stm of prpceaa ; it is traversed in a direction downwards and medialwards 
bylTsulcus for the tendpn of the Flpxor halluois Ip^gus. On cither side of this 
smeus is a" tubercle. ¥liat on tfie lateral side is the more pniminent and gives 
attachment to the inainjpart,pf the posterjim:^teto^^ ; it is some- 

times detached from the rest of the bone, and is. then known as the 
Tfj.the smaller medial tubercle the me^a l taloca lcaneal liga jgg pt is attached, 

4* Edinburgh Medical Journal^ 1895. 

^Sewell {Journal of Anahmy and Physio^y, vol, xxxviii.) pointed out that in about 10 per 
cent, of bonbs a small triangular facet, continuous with; the posterior calcanoal facet, is present 
at tlje Junction of the lateral surface of the body with the posteridr wall of the Sttlotis talL 

' ' ' • 
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The Calcaneus (figs. 433 to 436) 

The C3.1cdn6us (os calcis) is the largest of the tarsal bones. It is situated at 
the lower and back part of the foot, serving to transmit the weight of the body to 
the ground, and forming a strong lever for the muscles of the calf. It is irregu- 
larly cuboidal in form, having its long axis directed forwards and lateralwards. 

The superior surface (fig. 433) consists of a posterior non-artioular and an 
anterior artic^ar part. The former varies in length in different individuals, 
IS convex from side to side, concave from before backwards, and supports a 



Fra. 436. — Left »‘.alc;\nc*iis, ireflial tfiirfaee. 



mass of fat placed in front of the tendo calcaneus. In front of this area is the 
po sterior articular surface, a large, usually somewhat oval-shaped facet, which 
looks upwarHTaiJil^l^^ : it is convex from behind forwards, and articulat^es 
^vith TO0' posterior calcaneal facet on the under surface of the talus. It is 
bounded anteriorly b3r a deej) depression which is continued backw'ards and 
medialwards in the fonn of a groove, the sulcus calcanei ; in the articulated 
foot this sulcus lies below the sulcus tali, and the two sulci form a tunnel {sinus 
tarsi) for the lodgmenti^of the inteco^QOU,!, tgjlqcalcaneal ligament. In front 
and to the medial side ot this sulcus is an elongated facet, concave from behind 
forwards, and mth its long axis directed forwards and lateralwards.* This 
facet is frequently divided into two parts : of these, the posterior and 
lar^r is termed the m Wife, lasMcs/Jat , surface ; it is supported on a projeoting 

J )robess of bone, the sy Men^ptif.l'^fn tali, and articulates with the middle calcanesd 
acet on the pnder suriace of the talus ; the anterior and lesser, termed ihe 



332 


OSTEOLOGY 


arUeriffr arti^ is placed on the anterior part of the body, and articu- 

lates witK the anterior calcaneal facet on the under surface of the talus. The 
upper surface, anterior and lateral to the facets, is rough for the attachment 
of ligaments and for the origin of the Extensor digitoruiii brevis. 

The inferior or plantar surface (fig. is uneven, wider behind than in 
front, and convex from side to side ; it is bounded posteriorly by the lower 
part oi the calcaneal tuberosity, which presents. a me^al ajrfd ^i' l^itcral process ; 
the lateral process, small, prominent, and**roundecI5 giv^ ' gy i gin to of the 
Abductor digiti quipti ; the rnedial process, broader and larger, gives attachment, 
by it's prominent medial margin, to the AJ^pgior. hallucis, and in front to the 
I)lantar.apopeurQsis and the Me^or digitorum brevis ; the depression between 
the processes gives origin to the Abduetpy digiti^ qmnti. The rough surface 
in front of the processes gives attachment to the Ippg, plant ar ligament, and 
the lateral head of the Quadratus planta) ; to a i)rominent tubercle near the 
anterior part of this surface and to a transverse groove in front of the tubercle, 
the plantar calcaneocuboid ligamepjb is attached. 

The lateral surface (fig. *435) is broad behind, and narrow in front, Hat and 
almost subcutaneous ; near its centre is a small tul^ercle, fpr the attachment 
of the calcaiieo(jbular ligament. Below’ and in front of this tubercle is a ridge, 
the trocJihiar process (peronaeal tubercle), which is often indistinctly iiuuked. 
It gives attachment to the inferior p,crpnsBal retinaculum, and separates two 
grooves ; the superior groove transmits the tendon of the Peronaeus brevis ; 
the inferior, that of the Perpnaous Ipngus. ^ 

T\\q medial surface (fig. 436) is directed obliquely downwards and forwards, 
^and is deeply concave ; above the anterior part of the concavity is a horizontal 
; eminence, the sustentaculum tali. The* superior surface of this eminence is con- 
*cave, and articulates with the middle calcaneal articular surfaces of the talus; 
rits inferior surface is grooved for the tendon of the Fle^cpy haUucis lo.ugus ; 
Uts anterior margin gives atliachment to the planUr cakajxeouavicoilariigainent, 
Jand its medial margin to a part of the deltoid ligament of the ankle joint. 

The anterior extremity or cuboid articular surface is of a somewhat, triangular 
form. It is concave from above downwards and lateral wards, and convex in a 
direction at right angles to this. Its medial border gives attachment to the 
plantar calcaneonaviculax ligament. 

The posterior actremity or calcaneal tuberosity is prominent, convex, wider 
below than above, and divisible into three areas. Tlie Ig we st of these is rough, 
and covered by the fatty -and Jibrous tissue of the heel ; mo mddle. also rough, 
gives insertion to le teiido calcaneus and Plantaris ; w^hite the highest is 
smooth, and is covered by a Avhich intervenes between this part of the 

tuberosity and the tondo calcaneus. The x)laiitar surface of this tuberosity 
displays the medial and lateral processes already described. 


The Navicllau Bone (Os Naviculare Pedis) 

The navicular bone (tig. 437) is situated at the medial side of the tarsus, 
, bctw’een the talus behind and the cuneiform bones in front. 

Kig. 437. — The left navicular boot', a. Anterolateral view. h. Posteromedial view. 


Vor ^nd cunfifomi hone 



(ffrii$ional facet for cuboid hone 


waterior surface is convex from side to side, and subdivided by tVro 
rid^ies into three facets, for articulation -witiii the tbrso cunelCo^ b«:^es. The 
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posterior surface^ oval and concave, articulates with the rounded head of the 
talus. The dorsal surface is convex from side to side, and rough for the attach- 
ment of ligaments. The plantar surface, irregularly concave, displays on its 
lateral part a downward projection of varying size, the plantar 2 ^roces 8 , to which 
a portion of the plai^r^calcaneonavicular j^ment is attached, the medial 
surface consists of a rounded tu^^rosHiy, the lower part of which gives insertion 
to a larjj^^t of the tendon of the Tibialis posterior. Between the tuberosity 
and the plantar proems is a well-marked groove for the Iqdgpent of a part 
of the tendon of the Tibialis posterior. The lateral surface is rough and irregular 
for the attachment of ligaments, and frcquentlv presents a facet foi artic ulation 
witli the cuboid bone. 

The Cuneiform Bones 

The cuneiform bones, three wedge-shaped bones, articulate with the 
iiaviculdr bone behind and with the first, second, and third metatarsal bones 
in front ; the first cuneiform bone is the largest, and tlie second the smallest. 


For 


Fig. 438. — The left first eimi*i“ rni boiin. 
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tnnlort oj Tibialis anteiiot 


For no V in/ for boftc 


R 


In the arlioulated foot the jmsteriur surfaces o+’ the throi^ cuneiform bones form 
a slight concavity for the navicular, but the anterior portions of the first and 
third ])roject in front of the anterior surface of the second and form with it a 
deep recjess in wliich the base of the 'second metatarsal bone is lodged. 

The first cuneiform bone (os cuneifoxine primum) (lig. 438), the largest, 
is situated at the. medial side ot the foo^ , b<'tw'cen the navicular bone behind and 
the base of the first metatarsal bone in front and has the thin end of the wedge 
directed upwards. 

The medial surface is subcutaneous, broad and quadrilateral ; at its anterior 
plantar angle is a smooth oval impression, iutc? which a part of the tenej-pj^ of 
the Tibialis antciior is The htleral surface is concave ; along its 

superior and "posterior borders is a narrow L-sha)jed siu facc, the vertical limb 
and posterior part of the horizontal limb of which articulate .with the second 
cuneiform bone, while the anterior part of the horizontal liinb articulates with 
the second metatarsal bone ; the facet for the vsecond metatarsal bone is 
occasionally separated by a groove from that for the second cuneiform bone. 
The rest of this surface is j*ough for the attachment of ligaments and pjjiil pf 
the tendon of the Peronaeus longus. The anterior surface, large and kidney- 
shaped, articulates with ifie base of the first metatarsal bone. The posterior 
surface, triangular and concave, ai-ticulates with the medial facet on the anterior 
siu^ace of the navioul^ Jxone. The plantar surface forms the base of the 
wedge; at its p<jistcnbr "part is a tuberosity for the insex-tioa ^of .part of 
the tendon of the TiJWalii^^osterior ; in front of this a part of the tendon of the 
TibiaUs anterior is inseiiea.*^The dor^Z surface is the thin end of the wedge, 
nndT^is^ffirecred upwards and lateralwards ; it is rough for the attachment 
of ligaments. 

The. second cuneiform bone (os cuneiforme secundum) (fig. 439), the 
smallest, is of very regular wedge-like form, the thin end being directed down- 
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wards. It is situated between the first and third euneiform bones, and articu- 
lates with the navicular bone behind, and the second metatarsal bone in front. 

The anterior surfacey triangular in form, articulates with the base of the 
second metatarsi bone. The posterior surfacBy also triangular, articulates 
witTi the intenn^iate facet on the anterior surface of the navicular bone. 
On the medial surface is an L-shaped facet, running along the superior* and 
posterior borders, for articulation with tHe first cuneiform bone ; the rest of 
the surface is rough for the attachment of ligaments. The lateml surface 



Fio. -130. — The left second cuneiform bone. 

\. Anterornoflial view. ii. Posterolateral vioAv. 


For ut cuneiform hone 
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presents posteriorly a smooth facet for articulation with the third cuneiform 
bone. The dorsal surface <.n* base of the wedge is quadrilateral and rough 
for the attachment of ligaments. Tht^ plantar surface, sharp and tnberculated, 
is also rough for the attachment of ligaments, and for the in^ciAion of a f^p 
from the tendon of the Tibialis jK)sterior. 

The third cuneiform"B6he (os'c'uneifonne tertium) (fig. 440), is intermediate 
in size between the first and second; and its base is directed upwards. It is 
placed between Ihc second cuneiform and cuboid bones, and articulates with 
the navicular bone behind, and the third metatarsal bone in front. • 

The anterior surface, triangular in form, articuLates with the base of the third 
metatarsal bone. The posterior surface articulates with the lateral facet on the 
anterior surface of the navicular bone, and is rough below for the attachment 
of ligamentous fibres. The medial surface presents an anterior and a posterior 


i Hi. 440. —Tin? li?H thinl cuneiform bone. 

A. Posteromcdijil view. Anterolateral view. 



articular facet : the anterior, sometimes divided, articulates with th^ lateral 
aide of the base of the second metatarsal bone ; the posterior skirts the posterior 
bordea*, and articulates with the second cuneiform bone ; the intervening rough 
area gives attachment to an interosseous ligament. ' The lateral surface also 
jiresents two articular facets ; the anterior one, situated at the superior angle 
of the bone, is small and semi-oval in shape,' and articulates with the me^al 
sifk‘ of the base of the fourth metatarsal feoge ; the post(?rior and lirger dine 
is triangular or oval, and articulates with the cu^m^ ^98® 5 the intervening, 
rough, #n-articular area serves for the attimhmftn ^ aia faf firpsyeont Kgarpen t ■ 
The rforaa/ surface is of an oblong form, its posterolateral angle being pro- 
longed h^l^wards. The plantar surface is a rounded margin^' and serves for 
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the attachment of ligamenta^d par^ of the tendons of the ^^ihiskhs Eqijteripr 
and Flexor hallucjs 


The Cuboid Bone (Os Cubotdeum) 

The cuboid bone (fig. 441) is pl^ed on the lateral side of the foot, in front 
of the calcaneus, and behind the fourth and fifth metatarsal bones. 

The dorsal, surface, directed upAvards and lateralwards, is rough for the 
attachment of ligaments. The plantar surface is crossed in front by a deep 
groove, the pera^gi^jS^iiG^ which runs obliquely forwards and medialwards ; 
it lo dges the tendra of the ^ronaus longp^, and is bounded behind by a pro- 
minenFridge, towhich the l%k plantar ligo-ment is attached. The ridge ends 
laterally in the tKe lateral part of which presents an oval facet ; 

on this facet the sesQimoid hone or cartilage which is frequently found in the 
tendon ,pf the Pe r pnepiLlopg^^ glide s. Behind the peronseal sulcus the bone is 
rough, for the atiaenment of th^ plantar calcanepcubpid ligamopt, a fejsiiibrcs 
of the Fleror hallucis ^ and a faseijadus from the ^ndon of the Tibiajis, 


Fio. 441, — The left cuboid bone. a. A* ’ Tomfdinl view. ii. Postprolatoral view, 
P'or <ird cuneiform bo •€ Vor Uth metatarml bone 
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p osterior . On the lateral surface is I -ep notch forini'd by Hie comiiiencement 
ofTIieperonaBal sulcus. The posterior surface is smooth, triangular, and con-' 
cavoconvex, for articulation with the anterior surface of the calcaneus ; its 
inferior, medial angle projects backwards as a process which underlies and 
supports the anterior end of the calcaneus. The anterior surface is divided by 
a vertical ridge into two facets ; the medial, quadrilateral in form, articulates 
with the fourth metatarsal bpne ; the lateral, triangular, with the^fifth. The 
medial surface is irregularly quadrilateril, a^ni at its middle and upper xiart 
is a smooth oval facet, for articulation with the third cuneiforrn bone ; behind 
this a small facet for articulation with the navicular bone ia^pquenljy present ; 
the rest of this surface is rough for the attachment of interosseous ligaments. 


The Metatarsus 

The metatarsus consists of five bones which are luimbered from the medial 
side (ossa metatarsaUa I-V) ; each has a body, a tarsal end or base, and a 
phalangeal end or head. 


Common Chaeactebistics oe the Metatarsal Bones 
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Ohabacibristios of the Individual Mbtatabsal Bones 

The first metatarsal bone (fig. 442) is the shortest and thickest of the 
metatarsal bones. The body Ls strong, and of well-marked prismoid form. 

Fig. 142. — The first left metatarsal bone. Fio. 443. — The seoond left metatarsal bone. 



hone hone 

, Flo. tliird Joft boiu*. Fio. 41;*). — 'Hit' fourth left metatarsal bone. 



muei/onn horn mtatarml Imf 

The te^«^5has, as a rule, no articular facets on its sides, but there is oqoa$|Qj)ja|l^ 
one Oft the lateral side for articulation MfitU the 8^cp^4,jhietatars|^ Its 

proximal articular surface, of large size and Jkidney-shapeffj arfcioulat^"^^ tiie 
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first cuneiform bone ; its circumference is grooved, for the tarsometatarsal 
Hgiuacutej and medially gives insertion , to part of the tendon of iho 
aiiiSWr ; its plantar angle presents a rough oval prominence for the iiisertloh 
oithe tendon of the Peron«us.„ The head is large ; on its plantar 

surface is a median elevatibh separating two grooved facets, on whicli sesamoid 
bones glide. 

The Second metatarsal bone (fig. 443) is the lofig(;st of tlie rnotiitarsal 
bones. On its wedge-shaped ba^e are four articular facet.s : one on its proximal 
surface, of a triangular form, for articulation with the second cmicifonn hone : 
one at the ufjper pari of its medial surface, for articulation with the first cunei- 
form bone ; and two on its lateral surface, an upper and lower, separated h\ a 
rough non-articular interval. Each of these lateral articular surfaces is divided 
by a vertical ridge ; the two anterior facets articulate with the third metatarsal 
bone; the two po.storior (sometimes continuous) with the third cuneiform 
bone. A fifth facet is occasionally present for articulation with the first 
metatarsal hone ; it is oval in shape, and is situated on the medial side of the 
base, distal to the facet for the lirst cuneiform bone. 

The third metatarsal bone (fig. 444) ha.? a triangular base which articu- 
lates proximally with the third curndforin bone , nu'dially it articulates by 
two facets with the second metatarsal boi ; 
and laterally by a single facet, situated 
at the dorsal angle, with the fou?* h met a 
tarsal bone. 

The fourth metatarsal bone (fig. 445) 
is small(T than tin* third. Its base pr(‘- 
sents an- oblique quadrilateral facet on its 
proximal surface for articulation with the 
cuboid bone ; on the lateral side a single 
facet, for the fifth metatarsal h me ; on 
the medial side a facet divided by a ridge 
into an anterior portion for the /bird 
metatarsal bone, and a postorioi ]H)rtioii 
for the third cuneiform bone. 

The fifth metatarsal bone (fig. i t ) 
is rccognist'd by a rough efuini'iice, me 
iuberosiiy, on the lateral side of its basi*. 

The base articulates proximally, by a tri- 
angular, obliquely cut surface, with the 
cuboid bone; and medially, with the 
fourth metatarsal bone. On the nieduxl 
])art of its dorsal surface is inserted the 
tendon of the Peronaius tertiiis, tad on 
the dorsal surface of the ^tuberosity that 
of the Pcrohicus brevis. A strong band of 
the plantar aponeurosis connects the 
projecting part of the tuberosity with the lat(*ral ]nocess of the tuberosity 
of the calcaneus. The |)lantar surfaejj of the base is grooved for the tendon 
of the Al)du(.;tpr digiti ipjinli, aiid gives origin to the Flexor digit i quinti brevis. 



The Phalanoes (Phalanges Digitoulm Pedis) 

The phalang^es of the foot correspond in number and general arrangement 
with those of the hand ; there are two in the great toe, and three in each of 
the other toes. They are, however, much smaller, and their bodies, especially 
those of the bones of the first row', are laterally compressed. 

The phalanges of the first row closely resemble those of the hand. The 
body of each is compressed from side to side, conve.x above, concave below'. 
The base is (joncave ; and the head presents a trochlear surface for articulation 
with the second phalanx. 

The phalanges of the second row are remarkably small and short, but 
rather broader than those of the first row*. 

The ungual phalanges resemble those of the fingers ; but they are smaller 
and are flattened from above downwards ; each presents a broad base for 

O.A, Y 
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articulation with the corresponding bone of the second row» and an ei^anded 
distal extremity for the support of the nail and the end of the toe. 


Ossification of the Bones of the Foot (fig. 447) 

The tarsal bones are each ossified from a single centre, excepting the calcaneus, 
which has an epiphysis for its tuberosity. The centres make their appearance in 
the following order : calcaneus, at the sixth month of foetal life ; talus, about the 
seventh month ; cuboid, at the ninth month ; third cuneiform, during the first 
year ; first cuneiform, in the third year ; second cuneiform and navicular, in the 


Fig. 447. — Plan of ossifies cion of the foot. 



IMIALAKGKS 

Tictt erntres for each bone: 
One for body 
One for tase 


JVIK 3 rd- 9 tk ifear- 

n fHth 5 


Apjf. Jx-ifith Wft’k’i 


yni-i.fh yrar- | 
t/nitr, 17 fsth iicflr-l 
A-iOlh 

App clh j/mr— ;p=ii; 1 

thiitf ir-fHth jpar^ 

App. nth 




fourth year. The epiphysis for the tuberosity of the calcaneus begins tp ossify 
between the sixth and tenth years, and unites with the rest of the bone soon after 
puberty. Tlie lateral tubercle of the posterior process of the talus is sometimes 
ossified from an independent centre, and may remain separate from the rest of the 
bone, when it is named the os trigonum, , 

The metatarsal bones are each ossified from two centres : a primly centre 
for the body, and on epiphysial centre for the proximal end of the first, aind. for 
the distal end of each of the other four.* Ossification commences in the body 
about. 4;hc eighth or ninth week of foetal life. The epiphysis for the base of the 

* Aslln the first metacarpal (see footnote, page 297), so in the first metatarsal, them is often 
a bc^nd opU^ysis for the head. . , » 
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iirst metatarsal appears about the third year ; those for the heads of the other 
metatarsals between the third and fourth years ; all join the bodies between the 
seventeenth and twentieth years. 

The phalanges are each ossified from two centres : a primary one for the body 
and an epiphysis for the base. The primary centres for the ungual phalanges 
appear about the eighth week of foetal life ; those for the first phalanges between 
the twelfth and sixteenth weeks, and those for the second phalanges after the 
sixteenth week (that for the second phalanx of the fifth toe does not us rally appear 
until after birth). The epiphysial centres appear between the third and sixth 
years, and unite with the bodies about the seventeenth or eighteenth year. 


ConfPABlSON OF THE BONES OF THE HaND AND POOT 

The hand and foot are constructed on somewhat similar principles,’ each con- 
sisting of a proximal part, the carpus (oi. tarsus), a inifhlle portion, the metacarpus 
(or metatarsus), and a terminal portion, the phalanges. The proximal part 
consists of a series of more or less cubical bones which allow a slight amount of 


Fig. 448. — Skeleton of oot. AJcdial aspect. 



Fig. 449. — Skeleton of foot. Jja^eral aspect 



glidirvg on one another and are chiefly concerned in distributing forties transmitted 
to or from the bones of the arm or leg. The middle part is made up of slightly 
movable long bones which assist the carpus or tarsus in distributing forces and 
iUso ^ve greater breadth for the reception of such forces. The separation of the 
individual bones from one another allows of the attachments of the interosseoiia 
muscles and protects the dorsipalmar and dorsiplantar vascular anastomoses. 
The terminal portion is the most movable, and its separate elements enjoy a varied 
range of movements, the chief of which are flexion and extension, 

^ The functions of the hand and foot are, however, very different, and the general 
similarity between them is greatly modified to meet these requirements. Thus the 
foot forms a firm basis of support for the body in the erect posture, and is therefore 
more solidly built, and its component parts are less movable on each other than 
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those of the hand. In the case of the phalanges the difieronce is readily noticeable ; 
those of the foot are smaller and their movements more limited than those of 
the hand. Very much more marked is the difference between the metacarpal bone 
of the thumb and the metatarsal bone of the great toe. The metacarpal bone of 
the thumb is constructed to permit of great mobility ; it is directed at an acute angle 
from that of the index finger, and is capable of a* considerable range of movement 
at its articulation with the carpus. The metatarsal bone of the great toe assists in 
supporting the weight of the body, is constructed with groat solidity, lies parallel 
with the other metatarsals, and has a very limited degree of mobility. The carpus 
is small in proportion to the rest of the hand, is placed in line with the forearm, ami 
fornLS a transverse arch, the concavity of which constitutes a bed for the flexor 
tendons. The tarsus forms a considerable part of the foot, and is iilacod at right 
angles to the leg, a position which is almost peculiar to man, and has relation to hi» 
erect posture. In order to allow of their supporting the weight of the body with 
the least exj)onditure of material the tarsus and a part of the metatarsus arc con- 
structed in a series of arches (figs. 448 and 449),. the disposition of which will be 
considered after the articulations of the foot have been described. 

Applied Anatomy . — Considering the injuries to which the foot is subjected, it is sur- 
prising how seldom the tarsal bones are fractured. This is no doubt due to the fact that 
the tarsus is composed of a number of bones, articulated by a considerable extent of 
surface, and joined together by very strong ligaments which servo to break the force of 
violence applied to this part 6f the body. When fracture does occur, these bones being 
composed for the most part of a soft cancellous structure, covered only by a thin shell of 
compact tissue, are often extensively comminuted, especially as mo.st of the fractures are 
produced by direct violence; and, as there is only a very scanty amount of soft parts over 
the bones, the fractures are very often compound, and amputation is often necessary. 

When fractnro occurs in the; anterior group of tarsal boin^s, it is almost invariably tho 
result of direct violence; but fractures of tho posterior group — that is, of the calcantnis 
and talus — arc usually produced by fails from a height on to the feet. 

In club-foot (talipes), especially in congenital cases, the bones of tho tarsus become 
altered in shape and size, and displaced from their proper positions. This is principally 
tho case in congenital talipes (^quinov.arus, in wdiieh the head of tlie talus becomes twisted 
and atrophied, and a similar condition may be present in the other bones, more especially 
the navicular. TMu5 larsol bones are peculiarly liable to become the scat of tuberculous 
caries following comparatively trivial injuries, especially as they are not maintained in a 
condition of rest to the .saini^ extent as some other parts of tlur body aftr*)* similar injuries. 
Caries of the calcaneus or talus may remain lirjuie<l to tlu* on(3 boiuj for a long period, 
but when one of the other buncs is atTected, tho reiriaindor frequently become involved, 
since tho disease, si)r. .ids thiough the large and complicated .synovial stratum which is 
more or less coinino:. t these bones. 

Amputation of the foot is often rt-ipiired either fur injury or disease. Tho principal 
amputations are as follows: (1) 8yrne’s: amputation at tlui ankle-joint by a liocl-flap, 
with removal of the rrmllooli and sometimes a thin .slice from the lower end of the tibia. 

(2) Pirogoli’s : amputation of tho w'hulo of tho tarsal bones (except the posterior part of 
the calcaneus), and a thin slice from tlie tibia and fibula iiududing the two malleoli. The 
sawn surface of tho calcaneus is then turmid up and united to the cut surfaeo of tho tibia. 

(3) Subastragalar : amputation of tho fo(»t below^ the talus through tho joint botw'ccii it 
and tho calcaneus. 

The bones of the tarsus occasionally require n tnoval individually. Tiiis is especially 
the case with the tains for tuberculous disease limited to that bone; or the talus may 
require excision in eases of subastragalar dislocj^tion, c^r in cases of inveterate talipes. 
The cuboid has been removed for the same reason. 

Fractures of the metatarsal bones and phalanges are nearly alw ays the result of direct 
violence, and in tho majority of ease.s tho injury is caused by severe crushing accidents, 
necessitating ampululion. The metatarsal bones, and especially that of the great toe, 
aro frequently diseased, either in tuberculou.s subjects or in patients with perforating 
ulcer of the foot. 


SESAMOID J30NES 

Sesamoid bones are small more or less rounded masses of hone embedded 
in xjertain tendons and usually related to joint-surfaces. 1'hoir functions prob- 
ably are to modify pressure, to diminish friction, and occasionally to alter the 
direction of the pull of a muscle. That they are not developed to meet certain 
phyoical requirements in the adult is evidenced by the fact that they are present 
as. cartilaginous nodules in the foetus, and in greater numbers than in the 
adult. They must be regarded, according to Thilenius, as integral parts 
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of the skeleton phylogenetically inherited.* Physical necessities probably 
come into play in selecting and in regulating the degree of development (if 
the original cartilaginous^ n^ules. 

Sesamoid bones are invested by the fibrous tissue of the tendons, except 
on the surfaces in contact with the parts over which they glide, where they 
present smooth articular facets. 

In the upper extremity the sesamoid bones of the joints are found only 
on the palmar surface of the hand. Two, of which the medial is the larger, 
arc constantly present at the metacarpophalangeal joint of the thumb ; one 
is frequently present in the corresponding joint of the little finger, and one 
(or two) in the same joint of the index finger. Sesamoid bones are found 
occasionally at the metacarpophalangeal joints of the middle and ring fingers, 
at the interphalangeal joint of the thumb, and at the distal interphalangeal 
joint of the index finger. 

In the lower extremity the largest sesamoid bone of the joints is the patella, 
developed in the tendon of the Quadriceps fernoris. On the plantar aspect 
of the foot, two, of which the medial is the larger, are always present at the 
metatarsophalangeal joint of the great toe ; one sometimes at the meta- 
tarsophalangeal joints of the seconcl and fifth toes, one occasionally at the 
corresponding joints ot the third and fourth toes, aiv^ one at the interphalangeal 
joint of the great toe. 

Sesamoid bones apart from joints arc seldom found in the tendons of the 
upper limb ; one is sometimes seen in the ndon of the Biceps brachii opposite 
the radial tuberosity. They are, however, present in several of the tendons 
of the lower limb — viz. one in the tendor? of the PeroniBus longiis, where it 
glides on the cuboid ; one, appearing late in life, in the tendon of the Tibialis 
anterior, opposite the smooth facet of the first cuncifori'i bone ; one in the 
tendon of the Tibialis posterior, opposite the mediol side of the head of the 
talus : one in the lateral head of the Gastroentinius, belmid the lateral condyle 
of the femur ; and one in the tendon of the Psoas major , where it glides over 
the os pubis. Sesamoid bones are found occasionally in the tendons which wind 
round the medial and lateral malleoli *. one is sor'M Mines nrcsent in the tendon of 
the Glutaeus maximus where it pa^es over the gr eater trochanter. 


♦ Morphulog^ A>>^''Ucn, v. 1906, 
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T he bones of the skeleton are connootcd to one another at different j^rts 
of their surfaces,, and such connexions are teamed jbm/a or articulapiom. 
Where the joints are immovable, as in the articulations of the cranium, the 
opposed margins of the bones arc nearly in contact, being separated merely 
by a thin layer of fibrous membrane, named the sutural ligament ; in certain 
regions at the base of Ihe skull this fibrous membrane is replaced by a layer 
of cartilage. Where slight movement combined with great strength is reqtiired, 
the opposed osseous surfaces are united by tough tod elastic jibrocartilages, 
as in the joints between the vertebral bodies, and in the interpubio articulation. 
In the freely movable joints the opposed surfaces are completely Separated 
from one another ; the jmrts of the bones forming the articulations are expanded 
for greater convenience of mutual coiftiexion, and are covered by hyaline 
cartfiage, while the joints are enveloped by drtieular capsules, and are usually 
strengthened by strong fibrous bands called ligaments. 

The. extremities of the long, bones are the parts which form the articulations ; 
they are somewhat enlarged, and consist of spongy substance with a thin 
coating of compact substance. In the flat bones the articulations usually 
take place at the edges, and in the short bones at various parts of their surfaces. 
The layer of compact bone which forms the joint surface, and to w'hich the 
articular cartilage is attached, is called the articular lamella ; its lacuna) .are 
large, but it contains no Haversian canals or canaliculi. The vessels of the 
spongy substance approach the articular lamella but do not perforate it ; 
this lamella is cons quently denser and firmer than ordinary bone. 

Articular cartilage, which covers the articular siurfaces of bones, and 
fibrocartilage, which enters into the structure of some of the - joints, are 
described in the section on Histology (pp. 14 to 16). 

Ligaments are composed mainly of parallel or closely interlaced bundles 
of white fibrous tissue, and present a silvery appearance. They are pliant 
and flexible, so as to allow perfect freedom of movement, but strong, tough, and 
inextensible, so as not to yield readily to applied force. Some ligaments consist 
entirely of yellow elastic tissue, as the ligamenta flava which connect together 
the laminse of adjacent vertebrae, and the ligamentum nuchas in the lower 
animals. In these cases the elasticity of the ligament is intended to act as a 
substitute for muscular power. 

The articular capsules form complete envelopes for the freely movable 
joints. Each capsule consists of two strata — an external (stratum fibrosum) 
composed of white fibrous tissue, and an internal (stratum synoviale) which 
secretes a lubricating fluid, and is sometimes described separately as the synovial 
membrane. .. 

The stratum fibrosum is attached to the circumferences of the artictilar ends 
of the bones entering into the joint, and thus entirely stitrrcunds the 
articulation. ; 

The stratum synoviale invests the inner surface of the strattim fibrosiami 
is ^:|reflected over any tendons passing tbipu^ the jomt-cavit|v^|i<^ ^ceases 
at .the mar^B of the articular cartilages, jit i^'eom^se^ of 

tissue, and is covered on its free surface by a layer of 
In ^6 jomts it is thrown into folds whfeh acraBfii,1^e batity; as 
k%^Tjb)ilt ; in others there are flattened .folds, subdivided' at Jtheir 
Muge-like processes which contain vesSefev ^ 



OLASSmCATION OF JOINTS 343 

^erally project near the margin of the cartilage, and lie flat upon its surface. 
The iMratum s^moviale secretes a small quantity of thick, viscid fluid, termed 
Bynofoia. 

Closely relate in structure and function to the synovial stratum of the 
articular capsule, and therefore conveniently describi^ in this section, are 
the vagmas mucosie of tendons and the burssa mucosse. 

ViJigind mucosCR or mucous sheaths servo to facilitate the gliding of tendons 
in fibro-osseouB canals, e.g. the tendons of the flexor and extensor muscles' 
of the ^gers and toes as they pass through fibro-osseous canals in or near the 
hand and foot. Each sheath is arranged in the form of an elongated closed 
sac, one layer of which adheres to the wall of the canal, and the other is reflected 
upon the surface of the enclosed tendon. 

BurscB nvucosce are interposed between surfaces which glide upon each other. 
They consist of Closed^rocs containing a minute quantity of 6lear viscid fluid, 
and may be grouped, according to their situations, under the headings sub- 
cutaneouSi^bmtLscular, subfascial^ and subtendinous. 


CLASSIFICATION OF JOINTS 

Joints*are divided into three cLisses ; synarthroses or immovable, am/phi- 
arthroses or slightly movable, and diarthrr^es or freely movable. 


1. .SVNAnTHEOSES. (IMMOVABLE AbTICULATIONS) 

Synarthroses are articiilatjons in which the surfajes of the bones are 
fastened together by intervening connective tissiu- or hyaline cartilage, and in 
which there is no appreciable motion, as in the joints between the bones of 
the cranium. There are three varieties of synarthrosio : sutura, gomphosis,' 
and synchondrosis. 

Sutura is an articulation met with only ihe skull, where the margins 
of the bones articulate with one another (fig. 4o0). The margins of the bones 
are not in direct contact, being separated by a thin layer of fibrous tissue, 
continuous externally with the perier n-ium, internally with the dura mater. 


Fig. 450. — Section across the sagittal 
suture. 


Fig. 451. — Section thiough occipitospbenoidal 
synchondrosis of an infant. 



When the bony margins are connected by a series of interlocking, tooth- 
like processes, the articulation is named a sutura serrata^ as in the sagittal 
sutute. When the articulation is formed by one bone overlapping another, 
as in the suture between the tempoml and parietal bones, it is term^ a sutura 
squijimosa ; where there is simple apposition of contiguous rough surfaces, as 
between maxillse, or the horizontal parts of the palatine bones, it is 
named a sutwra Juirmonia, 

Gomphoeis is articulation by the insertion of a conical process into a socket ; 
it is seen in the articulations of the roots of the teeth with the alveoli of the 
mandible and maaiillDe. 

SynfhOndrpsis. — Where the connecting medium is cartilage the joint is 
termij^^^l^GhonG^sis 461) ; this is a temporary form of joint, for the 
cartij^e converted into bone. Such joints are found between 

the efdphyse^ f^n4 bodies of long bones, between the occipital and the sphenoidal 
^bone at and icit some years after birth, and between the petrous portion of 
temporal hdne and the jugular prooess of the occipital bone. 
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2. Amphiarthroses. (Slightly Movable Articulations) 

In those articulations the contiguous bony surfaces are either united by an 
interosseous ligament, as in the inferior tibiofibular articulation, or are covered 
by articular cartilage and connected by broad flattened discs of fibrocartilage, 
of a more or less complex structure, as in the articulations between the bodies 
of the vertebrae. The first form is termed a syndesmosis the second a 
symphysis (fig. 452). 

3. Diarthroses. (Freely Movable Articulations) 

This cJas.-:? iiududes the majority of the joints. In a diarthrodial joint 
the contiguous bony surfaces are covered with articuJ«r cartilage, and con- 
nected by an articular capsule and ligaments (articulatio simplex) (fig. 453). 
The joint may be divided, completely t>r incompletely, by an articular disc 


Fio. 452. — Diagrammatic section of a symphysis. 



Fio. 453. — Diagrammatic section of a 
simple diarthrodial joint. 


Fig. 454.-— Diagramrualic section of a diar- 
throdial joint ^vith an articular disc*. 




Synovial stratum 
’Articular eartilatje 
J'.lrlicttlar disc 

Fibrous stratum 


or meniscus, the periphery of which is continuous with the fibrous stratum of 
the articular capsule while its free surfaces are covered by the synovial stratum 
(articulatio composita) (fig. 454). 

Joints of this class are subdivided according to the kind of motion permitted 
in them. There are two varieties in which the movement is uni-axial ; that is 
to say', all movements take place around one axis. In one, the Qinglymus or 
hinge-joint, this axis is, j^actically speaking, transverse; in the other,, the 
articulatio trochoidea or 'pivot: joint . it is longitudinal. There are two varieties 
where the movement is bi axial ; these are the articulatio ellipsoidea or candyhid 
joint and the articulatio sellaris or saddle-joint. There is one form where the 
movement is poly-axial, the articulatio spheeroidea or enarOirosis (ball-and-socket 
joint) \ and finally there is the arthrodia or gliding joint. 

Ging^lyinus or hinge-joint. — Tn this form the articular surfaces are moulded 
to each other in such a manner as to permit motion only in one plane. The 
articular surfaces are connected together by strong collateral ligaments, which 
form their chief bond of union. The best examples of ginglymus are ,the 
interiilmlangoal joints and the joint between the humerus and ulna. 

TrUwoid artmulation or pivot-joint. — Where the movement is limited 
to loi^dion, the joint is formed by a pivot-like process turning within a ring, or a 
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ring on a pivot, the ring being formed partly of bone, partly of ligament. 
the proximal radio-ulnar articulation, the ring is formed by the radial notch 
of the ulna and the annular ligament ; here, the head of the radius rotates 
within the ring. lii the articulation of the dens of the epistropheus with 
the atlas, the ring is formed in front by the anterior arch, and behind by the 
transverse ligament, of the atlas ; here, the ring rotates roimd the dens. 

Condvloid articulation. — In this form of joint, an ovoid articular surface, 
or condyle, is received into an elliptical cavity in such a manner as to permit 
of flexion, extension, adduction, abduction, and circumduction, but no axial 
rotation. The radiocari)al joint is an example of this form of articulation. 

Saddle-articulation. — In this variety the opposing surfaces are recipro- 
cally concavoconvex, and the movements are the same as in the preceding 
form. The best example of the saddle-articulation is the cai-pomctacarpal 
joint of the thumb. 

Enarthrosis is a joint in which the distal bone is capable of motion around 
an indefinite number of axes, which have one common centre. It is formed 
by the reception of a globular head into a cup-liko cavity, hence the name 
‘ ball-and-socket.’ Examples of this form of articulation are found in the 
hip- and shoulder -joints. 

Arthrodia is a joint which admits of only gliding movement ; it is formed 
by the apposition of plane, or nearly plane, surfaces, the amount of motion in 
such joints being limited by the ligaments or osseous ])roccsse8 surrounding 
the articulations. It is the form present in the joints between the articular 
processes of the vertebrsB, and in most of the carpal and tarsal joints. 


The Kinds of Movement pe imitted ir Joints 

The movement permitted in joints may be divided into four kinds : gliding 
and angular movements, circumduction, and rota^i n. Fre^pently these arc more 
or less combined in the various joints, so as to p.< duco an infinite variety, and it 
is seldom that only one kind of motion i.s found in any particular joirc, . 

Glidiiuj movement is the simples^ land of motion that can take place in a joint, 
one surface gliding over another withe., tny angular or rotatux-y movement. It 
is common to all movable joints ; but in some, as in most of the articulations of the 
carpus and tarsus, it is the only motion permitted. This movement is not confined 
to plane surfaces, but may take place betw'eer any two contiguous surfaces, of 
whatever form. 

Angular movement occurs only lietween the long bones, and by it the angle 
between the two bones is increased or diminished. It may take place : (1) forwards 
and backwards, constituting flexion and oxtensi-m ; or (2) towards and from the 
median plane of the body, or, in the case of the fingers or toes, from the middle 
line of the hand or foot, constituting adduction and abduction. The strictly 
ginglymoid or hinge- joints admit of flexion and extension only. Abduction and 
adduction, combined with flexion and extension, are met with in the more movable 
joints. 

OifcwndwAion is tli.at form of motion which takes place between the head of a 
bone and its articular cavity, when the bone is made to circumscribe a cojiical space ; 
the base of the cone is described by the dLstal end of the bone, the apex is in the 
articular cavity ; this kind of motion is best seen in the shoulder- and liip-joints. 

Rotation is a form of Jiiv)vciiient in whicli a bone moves round a longitudinal 
axis ; the axis of rotation may lie in a separate bone, as in the case of the pivot 
formed by the dens of the epistropheus around which tlw^ atlas turns ; or a bone 
may rotate around its owti longitudinal axis, as in the rotation of the humerus 
at the .shoulder-joint ; or the axis of rotation may not be quite paraUel to the long 
axis of the bone, as in the movement of the radius on the ulna during pronation and 
supination of the hand, where it is represented by a line connecting the centre 
of the head of the radius with the centre of the head of the ulna. 

Ligamentous action of muscles. — The movements of the different joints of a limb 
are combined by means of the long muscles passing over more than one joint. These 
muscles, when relaxed and stretched to their greatest extent, act as elastic liga- 
ments in restraining certain movements of one joint, except when combined with 
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corresponding movements 6f the other — ^the latter movetaents being usiUilly in 
the opposite direction. Thus the shortness of the hamstring roiuse^ preventB 
complete flexion of the hip, unless the knee-joint is also flexed so as to brmg their 
attachments nearer together. The uses of this arrangement ate threefold. 1. It 
co-ordinates the kinds of movements which are the most habitual and necessary, 
and enables them to be performed with the least expenditure of power, 2. It 
enables the short muscles which pass over only one joint to act upon more than one.' 
3. It provides the joints with ligaments which, while they are of very great power 
in resisting movements to an extent incompatible with the mechanism of the joint, 
at the same time spontaneously yield when necessary. 

Applied Anatomy, — ^W. W. rfeen points out how important it is * that the surgeon 
should remember this ligamentous action of muscles in making passive motion — for 
instance, at the wrist after Colles's fracture. If the flngors be extended, the wrist be 
flexed to a right angle. If, however, tliey.be first flexed as in ’‘making a fist,’* flexion 
at the wrist is quickly limited to from forty to fifty degrees in different persons, and is 
very painful beyond that point. Hence passive motion hero should be made with the 
fingers extended. In the leg, when flexing the hip, the knee should bo flexed.* 


ARTICULATION OF THE MANDIBLE 

The parts entering uito the formation of this joint are : above, the articular 
tubercle, and the anterior portion of the mandibular fossa of the temporal 
bone ; below, the condyle of the mandible. The ligaments of the joint are the 
following : 

The articular capsule. Rphenomandibular. 

Temporomandibular. The articular disc. 

St yloma ndibulnr. 


Fig. 455. — Articulation of tho mandible. Lateral aspect. 



:T!he articular capsule is a thin, loose envelope, attached, abdve, to the 
eif^umferende of the mandibular fossa and the articular tubercle ; belbvr,: to 
the neck of the condyle of the mandible. The synovial stratum of ^tke 
pi;|£|ir capsule is continued over the upper and lower dt^aces ihe 
ai^culaf disc. * .v ^ 
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The tetnporoman4ibular ligament (eidiemal 4b.teral ligament) (fig. 455) 
consi^te pf two short, narrow fascLifii, one in front of the other, attached, above, 

to the lateral surface of the 
zygomatic process of the tem- 
poral bone and to the tubercle 
on its lower border ; below, 
to the lateral surface and 
posterior border of the neck 
of the mandible. It is broader 
above than below, and its fibres 

* ’e directed obliquely down- 
ards and backwards. 

The sphenomandibular 
ligament (fig. 450) is a flat, 
thin band which is attached 
above to the spina angularis 
of the sphenoidal bone, and, 
becoming broader as it de- 
scends, is fixed to the lingula of 
the mandibular foramen.* Its 
lateral surface is in relation, 
above, with the Pterygoideus 
externus ; lower down, it is 
.. separated from the neck of 
the condyle by the internal 
maxillar\ v essels ; still lower, 
the inft^rior alveolar vessels 
aiia nerve and a lobule of the 
parotid gland lie between it and the ramus of the mandi’ le. Its medial surface 
is in relation witjjpi the Pterygoideus intemus. 

The articular disc (fig. 457) is a thin, \] plate, placed between the 
condyle of the mandible and the luandibnJai b»ssa ; it divides the joint into 
two cavities. ‘ Its upper surface is concavoconvex from before backwards, to 
accommodate itself to the form 
of the mandibular fossa and the 
articular tubercle. Its under sxir- 
face, in contact with the condyle, 
is concave. Its circumference is 
connected to the articular capsule, 
and in front to the tendon of 
the Pterygoideus extemus. It is 
thicker at its periphery, especially 
behind, than at its centre, where 
it is sometimes perforated. The 
fibres of which it is composed have 
a concentric arrangement, more 
apparent at the circumference 
than at the centre. 

The stylomandibular lijga- 
ment (fig. 456) is a specialised 
band of the fascia colli, which 
^retches from the apical part of the styloid process of the temporal bone to 
tie angle and posterior border of the lamus of the mandible betw een the Masseter 
and Pterygoideus intemus. It separates the parotid from the submaxillary' 
gland, and from its deep surface some fibres of the Styloglossus take origin. 

* J. Cameron. of An<it<my ai*d Physiology, vol. xUx.) points out that the cranial 

end of this ligament ‘ enters the inner extremity of the Glaserian fissure and whfist doing so is 
m^y attached to the spine of the sphenoid by its inner edge.’ Ho suggests that the attach- 
meifl; to the spina angularis of the sphenoidal bone is purely adventitious, and that th«» true, 
rnomologicarattachment is in reality the lips of the fissure and also within the tympanie 
eayi&» Wiuiira 4 propc^on of the fibres are directly continuous with the flbroualajwi^ 

of intratympanic portion is usuaSy described as the ante^l^ 

df It foni^n e^tooidxient hand in a seven months fietus, and at. stag4 

o| t^hoi^f^hoidal bone. ■ . . ^ , 


f. 457. — Sagiiial sectifu* of the articulation 
of the mandible. 



Fm. 456. — Articulation of the mandible. 
Medial aspect. 
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Although classed among till ligaments of the temporomandibular joint, it can 
only be considered as accessory to it. 

The neri'es of the temporomandibular joint are derived from tbel aurioulo* 
temporal and masseteric branches of the mandibular nerve, the arteries from 
the superficial temporal branch of tlie external carotid artery, and from the 
internal maxillary artery. ^ 

Movements. — The movements permitted in this articulation are extensive. 
Thus, the mandible may be depressed or elevated, or carried forwards or backwards ; 
M slight amount of side-to-side movement is also p{»rmittcd. AVhen the mouth is 
opened the body of the mandible is depresstnl, and the condyles and articular discs 
are pulled forwards on to the articular tubercles ; in shutting the mouth the reverse 
action takes place. When the* mandible is Ccarricd horizontally forwards, as in 
protruding the lower incisor teeth in front of the upper, the disc and the condyle 
glide forwards on tJie mandibular fossa and articular tubercle. The grinding or 
chewing movement is produced by one* condyle, with its disc, gliding alternately 
forwards and backwards, while the other condyle moves- simultaneously in the 
opposite directions ; at the same time the condyle undergoes a vertical rotation 
on the disc. One condyle iidvances and rotates, while the other recedes and 
rotates. 

The mandible is depressed by its own \veight, assisted by the Platysma, and, 
when the hyoid bone is fixed by the Digastricus, the Mylohyoideus, and the Genio- 
hyoidciis ; at the same time the condyles .and the articular discs .are drawn forwards 
by the Pterygoidei externi. It is elevated by the Masseter, Ptcrygoideus internus, 
and Temporalis. It is drawn fonvards by the simultaneous action of the Pterygoidei 
internus and extornus, the superficial fibres of the Masseter and the anterior fibres 
of the Temporalis ; and hoc.. wards by the deep fibres of the Masseter and the posterior 
fibres of the Temiwralis. The grinding movement is caused by the alternate action 
of the Pterygoidei of either side. 


Applied Anutomij . — xne ruandibie con be dislocated only in qpe direction — viz. 
forwards. The accident is caused by v. ^nce or by muscular action. When the mouth 
is opc7i, the condyle is sltua^ ^ on the articular tubercle, a!7d any sudden violence, or 
even a sudden miisciih’" spai i, ar during a convulsive yawn, may displace the condyle 
forwards into the infratemporal 5sa. The displacement may be unilateral or bilateral, 
lieduction is accompl d ^y depressing the jaw with the thumbs placed on the last 
molar teeth, and at the same time elevating the chin. The downward pressure over- 
comes the spasm o^ thti Masseter, Temporalis, and Pterygoideiis internus, and elevation 
of the chin throws tb.' onclyle backwards; the above-mini ioned muscles then draw the 
eondyle back into its i '’mal i) 0 '''ition. 

In close relation to the condyle of the mandible are the external acoustic meatus and 
the tympanic cavity; any force, therefore, applied to the bone is liable to be attended 
with damage to these parts, or inflammation in the joint may extend to them. On the 
other hand inflammation of the tympanic cavity may involve the articulation and cause 
its destruction, thus leading to ankylosis of the joint. The joint is also occasionally the 
seat of osteo-arthritis, causing great suffering during efforts of mastication. A peculiar 
affection sometimes attacks the neck and condyle of the mandible, consisting in hyper- 
trophy and elongation of these parts and consequent protrusion of the clun to the 
opposite side. 


AKTICULATIOIKS OF THE VERTEBRAL (.JOLUMN 

The vertebrso from the third ccivical to the first sacral inclusive are articu- 
lated to one another by : (1) a series of amphiarthrodial joints bestween the 
vertebral bodies ; and (2) a series of diarthrodial joints between the vertebral 
arches. 


1, Articulations of Vertebral Bodies 

The ^articulations between the bodies of the vertebras are amphiarthrodial 

i 'oint.i, and the individual vertebraa move only slightly on each other. When, 
(owOver, this slight degree of movement between the pairs of bones ta^es 
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place in a considerable length of the vertebral #lumn, the total range of 
movement is great. The ligaments of these articulations are the following ; 

Anterior longitudinal. Posterior longitudinal. 

Int er vertebral fibrocart i lages . 

Tlie anterior longitudinal ligament (fig. 466) is a broad and strong 
band of fibres, which extends along the anterior surfaces of the bodies of the 
vertebra). It is broader below tliaii above, thicker and narrow^er in 4ie thoracic 
than in the cervical and lumbar regions, and somewhat thicker and narrenver 
opposite the bodies of the vertebra) than opposite tlie intervertebral fibro- 
cartilages. . It- is. attached above^ to the pharyngoiil tubercle of the occipital 
bone, whence it extends to tlie anterior tubercle of the atlas, then to the front 
of the body of the epistropheus, and is continued down as far as the upper 
part of the front of the sacrum. It consists of dense longitudinal fibres, wdiich 
are intimately adherent to the intervertebral fibrocartilages and the prominent 


Fio. 458, — Median sagittal section of two luJiibar ' ‘ntebnie and thr-ir lis^amenljs. 



margins of the vertolme, but not to the middle parts of the vertebral bodies. In 
the bitter situation the ligament ir^ thick and fids up the concavities ou the 
anterior suilaces, and makes the front of the vertebral column more even. 
It is composed of .several layers of fibres, of which the most superficial are the 
loiigest and extend betw'cen four or five vertebrte. The intermediate fibres 
extend botivccn two or three vertebra), w hile the dof^pest reach from one vertebra 
to the next. At the sides of the bodies the ligament consists of a few’* short 
fibres whidi pass from one vertebra to tlie next, sepirated from the concavities 
of the veilebral bodies by apertures for the passage of vessels. 

The posterior longitudinal ligament (figs. 458, 459) is situated vyithin 
the..yjBllebrfil_canal on the jioRterior surfaces of the bodies of the vertehiai.’ 
Aboye^^JLis^Mteched to the^b^ ]>art of the occipital bone, and extends 
in intiiiiate witli the memhrana toctoria, to the lx)dy of the 

epistropheus, and is thence continued dow'iiwards to the sacrum. It is broader 
above than below, and thicker in the thoracic than in the cer^cul and lumbar 
regions. In the situation of tho intervertebral fibrocartilages and contiguous 
margins of the vertebrae, where tho ligament is more intimately adherent, it is 
broad, and in the thoracic and lumbar regions presents a series of dentations 
with intervening concave mar^s ; but it is narrow and thick over the 
centres of the Ijodies, from which it is separated by the basivertebral veins. 
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This ligament is eomposeAf smooth, shining fibres, denser and more compact 
than those of the anterior ligament, and consists of superficial lay^ occupying 
the interval between, three or four vertebras, und deeper layers which extend 
between adjacent vertebrae. 

The intervertebral fibrocartilages (figs. "468, 469) are intert)osed betwe en 
-^^djac ent surfaces oi.>.the-“be^e&.of the vertiohrae, from the e^isti^heus 
to the sacrumT andTorm the chief bonds of connexion between tEb'^ertebrse. 

Their shape corresponds with, 
Fio. 459.— Posterior longitudinaMigament of that of the bodies betweefi 
vertebra, in lumbar region. which they are placed. Their 

thickness varies m different 
regions of the column, and 
in different parts of the 
same fibrocartilage ; they 
are thicker in front than 
behind in the cervical and 
lumbar regions, and thus 
contribute to the anterior, 
convexities of these parts 
of the column ; while they 
are of nearly uniform thick- 
ness in the thoracic region, 
the anterior concavity of this 
part of the column being 
almost entirely due to the 
shape of the vei tebral bodies. 
They arc adherent, by their 
surfaces, to thin layers of 
hyaline cai tilage which cover 
the hjfiper and under sur- 
faces of the bodies of the 
vertebriB ; in the lower cer- 
vical vertebrsB, however, 
small joints with articular 
capsules are occasionally 
present between the upper 
surfaces of the bodies and 
the margins of the fibro- 
cartilages on either side. 
The intervertebral fibrocuirtiJages are closely connected to the anterior and 
posterior lon^tudinal ligaments ; in the thoracic legion they are joined laterally, 
by means of the intcrartiqujar ligaments, to the heads olE those ribs which 
articulate with two vertebrae. The intervertebral, fibrocariilages constitute 
about one-fourth of the length of the vertebral column^ exclusive of.tEe first 
two vertebrjB ; but this amount is not equally distributed between the various 
bones, the cervical and lumbar portions having, in proportion to their length, 
a much greiiter amount than the thoracic region, with the result that these parts 
possess greater pliancy and freedom of movement. 
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SlTUcture of the intervertebral fibrocarlihigcs , — Kacb is composed, at its cucumfe)^- 
ence, of laminse of fibrous tissue and fibrocartilage, forming the (WjyuUis* fihfiMiiM] and, 
at its centre, of a soft, pulpy, highly elastic substance, of a yellowish colouf, which pro- 
jects considerably above the surrounding level when the disc is divided ^rizontaUv. 
This pulpy substance {nudem especially well developed in the lumbar region, 

contains the remains of the notochord. The laminee are arranged concentrically; the 
outermost consist of ordinary fibrous tissue, the others of white fibrocartilage, The 
lamiQfls are not quite vertical in their direction, those near the circumference being 
curved outwards and closoly approximated; while those nearest the centre cum in the 
opposite direction, and are somewhat more widely separated. The fibres of M'hich eaSh 
lanjiiia is composed are directed, for the most part, obliquely from above downwards*., 
the fibres of adjacent laminaa passing in opposite directions and varying in every laViSt : 
so4*hai fibres of .one layer are directed across those of anotlier, fijeo the limbs bf the ' 
letter X/ fThi.s laminar arrangement exists in about the outer half of each fih^’ocartiiiage. » 
The f saibstance presents no such arrangement, and consists of a fine Ohrem ■ 

coptftjjiing iahgular colls united to form a reticular. st^c^re. ' ; , . , r/l': * ' . 
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Applied an aneurysm presMa on the ^rtebral column, the vertebral 

an oftou deeply eroded by it^ while the intervertebral iibrocartilages remain 
intact» The fibrooartilage^ are the. first to be destroyed, however, in tuberculosis of 
the vertebral column, whore, as not infrequently happens, the disease begins in the 
fibroQEirtilages, and spreads thence to, the bodies of the two adjoining veitebrjc. 


2. Articulations of Vertebral Ae6hes 

'[Cho joints between the articular processes of the vertebrae belong to the 
arthrodial variety and are enveloped by articular capsules ; while the laminae, 
spihous atnd transverse processes are connected by the following ligaments : 

Ligamenta flava. Ligament um nuchae. 

Supraspinal . TnteSpinal . 

Intertransverse. ^ 

The a^CUlar capsules (fig. 458) are thin and loose, and are^_attached to 
^he margin fl of tlifi,.^tioula3: .processes of .adjacent vertebrae; they are longer 
and looser in the cervical than in the thoracic and lumbar regions. 

The ligamenta flava (fig. 460) connect the lamjnaB of adjacent vSHebrae, 
and are best seen from the interior of iiie vertebral canal. Their attachment 

Fig. 460. — Ligamenta flava. A. irorn brdiind. B. in roction. 



extends from' the articular capsules to the point where the laminae fuse to 
forni; the spinous process ; here their posterior margins come into contact 
and are to a certain extent united, small intervals being left for the passage 
of vessels. The Ugaments^J^rn elastic tissue, the fibres of 

which* alnaost perpendicular in direction, are attached to the anterior surface 
of the lamina abpVe, soine distance from its inferior margin, and to the msterior 
eu]^.ce Snd upper margin of the lamina below. The ligaments are tnin, but 
broad and long in the cervical region ; they are- thicker in the thoi^cic region, 
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and thickeBt in the lumbalt region. Their marked elasticity serves to preserve 
the upright posture, and to assist the vertebral column in resuming it after 
flexion. 

The supraspinal ligament (fig. 458) is a strong fibrous cord, which comiects 
together the apices of the spinous processes from the seventh cervical vertebra 
to the sacruin ; fibrocartii^ago is developed in the ligament at its points of attach- 
ment to the tips of the" spinous processes. It is thicker and broader in the 
lumbar than in the thoracic region, and intimately blended in both situatior 
with the neighbouring fascia. Tlie most superficial fibres of this ligamei 
extend over throe or four vertebrae ; those more deeply seiited pass botweoi 
two or three vertebrae ; while the deepest connect the spinous processes of 
neighbouring vertebrae. Between the spinous processes it is continuous with 
the interspinal ligaments. /Between the spinous process of the soventh cervical 
vertebra and the exteniai occipital pmtuberance its place is taken by the 
ligameiitum iiiichac.^ 

The ligamentum nuchae is a fibrous membrane, which, in the neck, repre- 
sents the supraspinal ligament of the thoracic and lumbar vertebrae. It ex- 
tends from the externa] protuberance and median nuchal line of the occipit^al 
bone to the spinous process of the seventh cervical vertebra. From its anterior 
border a fibrous lamina is given off, wliioh is attached 1o the ixisterior tubercle 
of the atlas, and to the spinous j^rocesses of the cervical vertebraj, ‘and forms 
a septum between the muscles on either side of the neck. In man it is the 
representative of an important elastic ligament, which, in some of the lower 
animals, serves to sustain the weight of the head. 

The interspinal ligaments (fig. 458), 'thin and membranous, connect 
adjoining* spinous j)rocesscs, and their attachmoTils extend from the root to 
the ajxix of each process. They meet the ligamenta flava in front and the 
supraspinal ligament behind. They are narrow and elongated in tlie thoracic 
region ; broader, thicker, and quadrilateral in form in the lumbar region ; and 
only slightly developed in the neck. 

The intertransverse ligaments are interposed between the transverse 
proc(*sses. In the cervical region they consist of a few irregular, scattered 
fibres ; in the thoracic region tJie}' are rounded cords iiitiiuately connected 
with the deep muscles of the back ; in the lumbar region they are thin and 
membranous. 


3. Sacrococcygeal Symphysis 

This articulation is an amphiai-throdial joint, between the apex of the 
sacrum and the base (;f the eocjcyx. It is homologous with the joints between 
the bodies of the vertebra?, and is connected by the following ligaments : 

Anterior sacrococcygtval. Lateral sacrococcygeal. 

Posterior sacrococcygeal. Fibrocartilaginous disc. 

The anterior sacrococcygeal ligament consists of a few irregular fibres, 
which descend from the anterior surface of the sacrum to the front of the 
coccyx, blending with the jjeriosleum. 

The posterior sacrococcygeal ligament is a flat band, which arises from 
the margin of the lower oritice of the sacral canal, and descends to be inserted 
into the posterior surface of the coccyx. This ligament completes the, lower 
and back part of the sacral canal, and is divisible into a short 
sjiperjicial 

A lateral sacrococcygeal ligament exists on either side and connects 
the transverse process of the coccyx to the lower lateral angle of the sacrum ; 
it completes the foramen for the fiiPth sacral nerve. 

A thin disc of fibrocartilage is interposed between* the contiguous surfaces 
of the sacrum and coccyx ; it is somewhat thicker in front and behind than 
at the sides. Occasionally the coccyx is freely movable on the sacrum ; in 
such <||ases an articular capsule lined by a synovial stratum is present. 

The different segments of the coccyx are connected together by the extension 
d/>wnwarda of the anterior and posterior sacrococcygeal ligaments, thin annular 
discs of fibrocartilage being interposed between the segments. In the adult 
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aU the jpeoes hecome ossified together at a ooffeiparatively early period ; 
but in the feuwe^ this does not commonly occur until a later period oi life. At 
Up more advanced age the joint between the sacrum and coccyx is obliterated. 
B^kward and forward movements take place between the sacrum and coccyx ; 
their, extent increases during pregnancy. 

^ Movements* — The movements permitted in the vertebral column are : flexion, 
extension, lateral movement, circumduction, and rotation. 

In jffecww, or movement forwards, the anterior longitudinal ligament Is relaxed 
i, d the anterior parts of the intervertebral fibrocartilages are compressed ; while 
:he posterior longitudinal ligament, the ligamenta flava, and the inter- and supraspinal 
ligaments are stretched, as well as the posterior fibres of the intervertebral fibro- 
caitilages: The interspaces between the lamina) are widened, and the inferior 
articular processes glide upwards upon the superior articular processes of the sub- 
jacent vertebrae. Flexion is the most extensive of all the movements of the vertebral 
column, and is freest in the lumbar region. 

In extension, or movement backwards, an exactly opposite disposition of the 
parts takes place. This movement is limited by the anterior longitudinal ligament, 
and by the approximation of the spinous processes. It is freest in the cervical 
region. 

In lateral movements, the sides oi the intervett ^ral fibrocartilages are com- 
pressed, the extent of motion being IJmif I by the resistance offered by the sur- 
rounding ligaments. Lateral movements may take place in any part of the column, 
but are freest in the cervical and luiubar retf ns. 

Circumdaction' is very limited, and is merely a succession of the preceding 
movements. 

Rotation is produced by the twisting of the intervertebral fibrocartilages ; this, 
although only slight between any two vertebroe, allows of a considerable extent 
of movement when it takes place in the whole length the column, the front of the 
upper part of the column being turned to one or <>fcher sidr This movement occurs 
to a slight extent in the cervical :*ejpon, is freer in tlie upper part of the thoracic 
region, and absent in the lumbar region. 

The extent and variety of the niovements i** influ^'nced by the shape and 
direction of the articular surfaces. In the cervicol r^'gion the upward inclination 
of the superior articular surfaces allows of free flexion and extension. Extension 
can be carried farther than flexion ; at ^He upper end of the region it is checked 
by the locking of the posterior edges of superior atlantal fa'^ ets in the condyloid 
fossae of the occipital bone ; at the lower end it is limited by a mechanism whereby 
the inferior articular processes of the seventh cervical vertebra slip into grooves 
behind and below the superior articular processes of the first thoracic. Flexion is 
arrested just beyond the point where the cervical convexity is straightened ; the 
movement is checked by th^ apposition of the projecting lower lips of the bodies 
of the vertebrae with the shelving surfaces '^n the bodies of the subjacent vertebr®. 
Lateral flexion and rotation are free in the cervical region, and are always combined ; 
the upward and medial inclinations of the superior articular surfaces impart a 
rotatory movement during lateral flexion. 

In the thoracic region, notably in its upper part, all the movements are limited 
in order to reduce interference with respiration to a minimum. The almost com- 
plete absence of an upward inclination of the superior articular surfaces prohibits 
any marked flexion, wliile extension is checked by the contact of the inferior articular 
margins with the laminae, and the contact of the spinous processes with one another. 
Rotation is free in the thoracic region : the superior articular processes are segments 
-of a cylinder whose axis is in the mid-ventral line of the vertebral bodies. The direc- 
tion of the articular facets would allow of free lateral flexion, but this movement is 
considerably limited in the upper part of the region by the resistance of the ribs 
andstemum. 

In the lumbar region flexion and extension are free. The inferior articular 
facets are not in close apposition with the superior facets of the subjacent vertebne, 
and on this account a considerable amount of lateral flexion is permitted. For 
the same reason a slight amount of rotation can be carried out, but this is so soon 
checked by the interlocking of the articular surfaces that it is negligible. 

The principal muscles which produce flexion are the Sternocleidomastoideus, 
Lohgus capitis and Longue colli, the Scaleni, the abdominal muscles, and the Psoiui 
major. is produced by the intrinsic muscles of the back, assisted in the 

0 . 4 * 
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neck by the Splenius, Semispinales dorsi and cervicis, and the Multifidus. Lateral 
motion is produced by the intrinsic muscles of the back, by the Splenius, the Scaleni, 
the Quadratus lumborum, and the Psoas major, the muscles of one side only acting ; 
and rotation by the action of the following muscles of one side only, viz. the Stemo- 
cleidomastoideus, the Longus capitis, the Scaleni, the Multifidus, the Semispinalis 
capitis, and the abdominal muscles. 


4. Articulation of the Atlas with the Epistropheus ' 

The articulation of the atlas with the epistropheus is of a complicated 
nature and comprises three joints. There is a pivot articulation between 
the dens of the epistropheus and the ring formed by the anterior arch and 


Fig. 461. — Anterior atlanto-occipital inembrano. 
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the transverse ligament of the atlas (see fig, 463), and a pair of arthrodial or 
gliding joints between the articular processes of the two bones. The ligaments 
connecting these bones are : 

Two articular capsules. Transverse. 

The articular capsules are thin and loose, and surround the joints between 
the articular surfaces of the bones. Each is strengthened at its posterior and 
medial part by an accessory ligament, which is attached below to the body of 
the epistropheus near the base of the dens, and above to the lateral mass of the 
atlas near the transverse ligament. 

In front, the two vertebras are connected by a continuation of the anterior 
longitudinal ligament (fig. 461). In this position it is a strong membrane, 
fixed, above, to the lower border of the anterior arch of the atlas, and below, to 
the front of the body of the epistropheus. It is strengthened in the middle 
line by a rounded cord, which connects the tubercle on the anterior arch of the 
atlas to the body of the epistropheus. 

Beiund, the atlas and epistropheus are joined by a broad, thin membrane 
(fig. 462) attached, above, to the lower border of the posterior arch of the atlas, 
bdow, to the upper edges of the laminae of the epijrt/ropheus ; it is in series 
with t^ ligamenta flava. 
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The transverse ligament of the atlas (figs. 463, 464, 465) is a thick, 
strong band, which arches across the ring of the atlas, and retains the dens 
of the epistropheus in contact with the anterior arch. It is concave in front, 


Fig. 462. — Posterior atlanto-occipital membrane. 



convex behind, broader in the middle than at the ends, and linnly attached 
on either side to a small tubercle on the medial sui*face of the lateral mass 
of the atlas. As it crosses the dens, a small fasciculus {crua mperius) is pro- 
longed upwards, and another (crus inferins) downwards, from the superficial 
or posteiior fibres of the ligament. The former is attached to the basilar part 
of the occipital bone in close relation with the membrana tectoria ; the latter 


Fig. 463. — Articulation between the ili‘ns ami the atlas. 



is fixed to the posterior surface of the body of the epistropheus ; hence the 
whole ligament is named the Ugamentum craciatum atlantis. The transverse 
ligament divides the ring of the atlas into two unequal parts : of these, the 
posterioi:. and larger serves for the transmission of the medulla spinalis and 
its tnembranes and the spinal parts of the accessory nerves ; the anterior and 
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. Fig. 464. — Sifoinbrana tectoria, trans^vorse, and alar ligaments. The crus superius 
of the transverse ligament is dra^vn to one side. 
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Fig. 465. — Median sagittal section through the ooeipital bone and first throe 

cervical vertebra. 
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smaller oontaiiis^ the dens. The neck of the dens is constricted where it is 
embraced posteriorly by the transverse ligament, so that this ligament suffices 
to retain the process in position after all the others have been divided. 

l^e joint-cavity between the dens and the transverse ligament is often 
continuous with those of the atlanto-oocipital articulations. 

Movemente. — This articulation with its three joints allows the rotation of the 
atlas (and, with it, the skull) upon the epistropheus, the extent of rotation being 
limited by the alar ligaments. 

The opposed surfaces of the articular processes of the atlas and epistropheus are 
not reciprocally curved ; both are convex in their long axes. When, therefore, the 
upper facet glides forwards on the lower it also descends ; the fibres of the articular 
capsule are relaxed in a vertical direction, and wiU then permit of movement in an 
anteroposterior direction. By this means a'shorter capsule suffices and the strength 
of the joint is materially increased. 

The principal muscles by which these movements are produced are the Stemo- 
cleidomastoideus and Semispinalis capitis of one side, acting with the Longus 
capitis, Splenius, Longissimus capitis, llectus capitis posterior major, and Obliquus 
capitis inferior of the other side. 


‘ ARTICULATIONS OF THE VEKTEBRAT, COLUMN WITH THE CRANIUM 

The ligaments connecting the vertebral column with the cranium may be 
divided into two sets ; those uniting the atlas with the occipital bone, and 
those connecting the epistropheus with the occipital bone 


1. Articulation op the Atlas Avrin the Occipital Bone 

The articulation between the atlas and the occipital bone consists of a pair 
of condyloid joints. The ligaments connecting tho bones are : 

Two articular capsules. i osterior atlanto-occipital 

Anterior atlanto-occipital membran(\ 

membrane. 

The articular capsules siuround the condyles of the occipital bone, and 
connect them with the artioular processes of the atlas ; they are thin and loose. 
Their lateral portions are directed obliquely upwards and medialwards, and are 
reinforced by bundles of fibres, which are attached above to the jugular processes 
of the occipital bone, and below to the bases of the transverse processes of 
the atlas. 

The atlanto-occipital joints frequently com aunioate with the joint between 
the dens and the transverse ligament of "the atlas. 

The anterior atlanto-occipital membrane (fig. 461) is broad, and com- 
posed of densely woven fibres which pasr. between the anterior margin of the 
foramen magnum above, and the upper border of the anterior arch of the atlas 
below ; laterally, it is continuous with the articular capsules ; in front, it is 
strengthened in the middle line by the continuation of the anterior longitudinal 
ligament, a strong, roimded cord, which connects the basilar part of the occipital 
bone to the tubercle on the anterior arch of the atlas. • 

The posterior atlanto-occipital membrane (fig. 462), broad but thin, is 
comieotra, above, to the posterior margin of the foramen ma^um ; below, to 
the upper border of the posterior arch of the atlas. On either side it is defective 
below, over the groove for the vertebral artery, and forms with this groove an 
opening for the entrance of the artery and the exit of the first cervical nerve. 
The border of the membrane, arching over the artery and nerve, is some- 
times ossified. 

Movements. — The movements permitted in this joint are (a) flexion and exten- 
sion, which give rise to the ordinary forward and backward nodding of the head, 
and (5) slight lateral motion to one or other side. Flexion is produced mainly by 
the action of the Lon^ capitis and Recti capitis anteriores ; extension by the Recti 
capitis posterioies major and minor, the Obuquus superior, the Semispinalis capitis, 
^leniiis cavdtis, Stemodeidomastoideus, and upper fibres of the TrapeziuB. The 
Recti lateraies are concerned in the ItUerd movemn^, assisted by the Trapedos, 
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Splenius capitis, Semispinalis capitis, and the Sternocleidomastoidens of the same 
side, all acting together. 

2. Ligaments connecting the Epistropheus with the 
Occipital Bone 

Membrana tectoria. Two alar. Ligamentum apicis dentis. 

The membrana tectoria (occipito-axial ligament) (figs. 464, 465) is situated 
within the vertebral canal. It is a broad, strong band, which covers the dens 
and its ligaments, and ajjpears to be a prolongation upwards of the posterior 
longitudinal ligament of the vertebral column. It is fixed, below, to the 
posterior surface of tho body of the epistropheus, and, expanding as it ascends, 
is attached above to the basilar part of the occipital bone, in front of the 
foramen magnum, where it blends with the cranial dura mater. 

The alar ligaments (fig. 464) are two strong, rounded cords, which arise 
one on cither side of the upper part of the dens, and, passing obliquely upwards 
and lateralwards, are inserted into rough impressions on the medial sides of 
the condyles of the occipital bone. The alar ligaments limit rotation of the 
cranium and therefore receive the name of check ligaments. Between them 
is the ligamentum apicis dentis (fig. 465), which extends from , the tip of 
the dens to the anterior margin of the foramen magnum, being intimately 
blended with the deep portion of the anterior atlanto-occipital membrane and 
with the superior crus of tjie transverse ligament of the atlas. It is regarded as 
a rudimentary intervertebral fibrocartilage, and traces of the notochord may 
persist in it. 

In addition to the ligaments ^>liich unite tho atlas and epistropheus to the 
skull, it must be remembered that the ligamentum nuchso (p. 362) connects 
the cervical vertebraj with he cranium. 

Applied inatomy , — liic ligauents uf ilic vorhjbral column are so strong, and tho 
bwnos so interlocked by the .^ement ol their articulating processes, that dislocation 
is verv tinconmior and, v. j m tlic upper part of tlie neck, rarely occurs unless accom- 
panied by fracture. Dislocation of tlie occipital bone from the atlas has been recorded 
only in jne or two '‘asej. nt dislocation of the atlas from the epistropheus, with rupture 
of the transverse ligamcnu of the atlas, is much more common : it is the mode in which 
<leath is produced in many cases of execution by hanging. Below the third cervical 
vertebra, dislocation v i»h^.at fracture occasionally takes place. 


COSTOVERTEBRAL ARTICULATIONS 

The articulations of the ribs with the vertebral column may be divided into 
two sets, one connecting the heads of the ribs with the bodies of the vertebrie, 
another uniting the necks and tubercles of the ribs with the transverse processes. 


1. Articulations of the Heads of the Ribs (fig. 466) 

These consist of a series of arthrodia, and are sometimes named 
ipjnts. They are formed by the articulation of the heads of the typwaTms 
with file fovcaB on the contiguous margins of the bodies of the thoracic vertebrsa 
and with the intervertebral fibrocartilages between them ; the first, tenth, 
eleventh, and twelfth ribs each articulate with a single vertebra. The ligaments 
of the joints are : 

The articular capsules. Radiate. 

Interarticular. 

In the majority of these articulations, viz. the second to the ninth inclusive, 
two articular capsules are present, since the joint is ^vided into two by an 
intei;articular ligament. The articular capsules connect the heads of the ribs 
with the circumferences of the articular cavities formed by intervertebral 
fibrocartilages and the adjacent vertebras. Some of their upper fibres pass 
through the intervertebral foramen to the back of the intervertebral fibro* 
cartil^e, While the posterior fibres are continuous with the ligament of the 
ueck^if rib. 
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The radiate ligament (stellate ligamwt) connects the anterior part of thc^ 
head of each rib with the sides of the bodies of two veriebrsB, and the inter- 
vertebral fibrocartilage between them. It is attached to the anterior part of the 
head of the rib, just beyond the articular surface. The superior fibres ascend 
and are connected with the body of the vertebra above ; the inferior fibres 
descend to the body of the vertebra below ; the middle fibres, the smallest and 
least distinct, are horizontal and attached to the intervertebral fibrocartilage. 

In the case of the first rib, this ligament is attached to the body of the last 
cervical vertebra, as well as to that of the first thoracic. In the articulations 
of the heads of the tenth, eleventh, and twelfth rios, each of which articulates 
with a jungle vertebra, the fibres of the ligament in each case aro connected 
to the vertebra above, as well as to that with which the rib articulates. 

Fig. 466.— Costovertebral articulations. Anterior view. 



The interarticular ligament is situated in the interior of the joint. It 
consists of a short band of fibres, flattened from above downwai-ds, attached 
laterally to the crest separating the two articular facets on the head of the 
rib, and medially to the intervertebral fibrocartilage; it divides the joint 
into two cavities and is covered on its upper and lower surfaces by the synovial 
strata of the articular capsules. In the joints of the first, tenth, deventh, 
and twdfth ribs, the interarticular ligament does not east ; consequently, there 
is but one cavity in each of these articulations. This ligament is the homologue 
of the present in some mammals, and ^iting the heads 

of opposite ribs across the back of the intervertebral fibrooarialage. 

2. CtoSTOTaAKSVBBSB ASTIOtTLATIOirS (fig. 467) 

The articular portion of the tubercle of the rib fomw with the articular 
surface on the adjacent transverse process an arthrodial joint. In the eleventh 
and twelfth ribs this articulation is wanting. 
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The ligaments of the joint are : 

The articular capsule. Posterior costotransverse. 

Anterior costotransverse. Ligament of the neck of the rib. 

Ligament of the tubercle of the rib. 

Tho,i#rticular capsule is a thin membrane attached to the circumference 
of the articular surfaces, and lined by a syn^ j v^ stra t^. 

The anterior costotransverse ligament iratti^ed below to the crest 
on the upper border of the neck of the rib, and passes obliquely upwards and 
lateralwards to the lower border of the transverse process immediately above. 
It is in relation, in front, with the intercostal vessels and nerve ; its tpefiiq,! 
Dm*der is thickened and free, and forms the lateral an ^ peytnre 


Fig. 467. — Costotransverse articulations. Seen from above. 



which transmits the posterior branches of the intercostal vessels and the 
posterior division of . the. intercostal nerve.; its lateral border is continuous 
withTTEEin aponeurosis which covers the Intercostalis extemus.) 

The firat rib has no anterior:, costotransverse ligarment. The neck of the 
twelfth rib is connected to the base of the transverse process of the first lumbar 
vertebra by a band of fibres, named the it is in series 

with the anterior costotransverse ligaments. 

The posterior costotransverse ligament is a feeble band which is 
attached below to the neck of the rib, behind and medial to the anterior costo- 
transverse ligament ; it passes upwards and medialwards to the base of the 
transverse process and lateral border of the inferior articular process of the 
vertebra above. 

Tho ligament of the neck of the rib (ipj^rcpB(ma...i?pg|i^^ 

consists of short but strong fibres, connecting tho rough surface on 
the back of the neck of the rib with the anterior surface of the adjacent trans- 
verse process. . A rudimentary ligament may be present in the case of the 
eleventh and twelfth ribs. 

The ligament of the tubercle of the rib is a short but thick and stroug 
fasciculus, which passes obliquely from the apex of the transverse proeeas to 
the rough non-articular portion of the tubercle' of tto rib. The ^aoieuta 
attached to the upper ribs ascend from the ^ansverse processes ; wy are 
shorter and more obuque,thaja those attached to the inferior ribs^ which deeoehd 
slightly. 
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Movements* — ^The heads of the ribs are so closely connected to the bodies of the 
vertebres by the radiate and interarticular ligaments that only slight gliding: move- 
ments of the articular surfaces on one another can 


t^e place. Similarly, the strong ligaments binding 
the necto and tubercles of the ribs to the transverse 
processes limit the movements of the costotrans- 
verse joints to slight gliding, the nature of which 
is determined by the shape and direction of the 
articular surfaces (j&g. 468). On. the upper six 
ribs the articular surfaces on the tubercles are 
oval in shape and convex from above downwards ; 
they fit into corresponding concavities on the 
anterior surfaces of the transverse processes, 
so that upward and downward movements of the 
tubercles are associated with rotation of the rib- 
neck on its long .axis. On the seventh, eighth, 
ninth, and tenth ribs the articular surfaces on the 
tubercles are flat, and are directed obliquely 
downwards, medicJwards, and backwards. The 
surfaces with which they 'articulate are placed 
on the upper margins of the transverse processes ; 
when, therefore, the tubercles are drawn up they 
are at the same time carried backwards and 
medialwards. The two joints, costocentral and 
costotransverse, move simultaneously and in 
the same directions, the total effect being that 
the neck of the rib moves as if on a single joint, 
of which the costocentral and costotransverse 
articulations form the ends. Ip, the upper six 
ribs the neck of the rib moves but slightly upwards 
and downwards ; its chief movement is one of 
.round its own long axis, rotation back- 
ward being associated with depression, rotation 
forwards with elevation. In the seventh, eighth, 
ninth, and tenth ribs the neck of the' rib moves 
upw^ards, backwards, and medialwards, or down- 
w^ards, forwards, and lateralwards ; very slight 
rotation accompanies these movements. 


Fig. 408. — Section of the 
costotransverse joints from 
the third to the ninth in- 
clusive. Coritrast tlie con- 
cave facets on the upper 
with the flattened facets 
on the lower transverse 
processes. 



STERNOCOSTAL ARTICULATIONS (fig. 469) 


The cartilages of the true ribs, with the exception of the first, articulate 
with the sternum by arthrodial joints. The cartilage of the fir sj ; jjb directly 
united with the sternum, and the joint between this rib and the sternum is a 


psis. 
e ligaments 


of the arthrodial joints arc : 


The articular capsules. Interarticular sternocostal. 

Badiate sternocostal. Costoxiphoid. 


The articular capsules surround the joints between the sternum and 
the cartilages of the ribs from the second to the seventh inclusive. They are 
very thin, intimately blended with the radiate steimocratal ligaments, and 
strengthened at the upper and lower parts of the articulations by a few hbres, 
which connect the cartilages to the side of the sternum. 

lie radiate sternocostal ligaments ore broad, thin membranous bands 
which radiate from the front and back of the sternal ends of the cartilages 
of the true riba to the anterior and posterior surfaces of the sternum. Their 
superficial fihwfl inttoningle with the fibres of the ligaments above and below 
with those of the oppolfite side, and on the front of the sternum vnth the 
tenctoous fibres of origin of the Peotoralis major, forming a thick fibrous 
membrane which envelops the bone, and is more distinfit at 

its lower thM at iteuRper part. , ; 
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The interarticular sternocostal ligaments are found constantly only 
between the second costal cartilages and the sternum. The cartilage of the 
second rib is connected with the sternum by means of an interarticular Ugament, 
attached laterally to the cartilage of the rib, and medially to the fibrooartilage 
which unites the manubrium and body of the sternum. Occasionally the 
oartilagc^^^the third rib is connected with the first and second pieces of the body 


Fig. 4C9. — Sternocostal and interchoudral articulations. Anterior view. 

The joini-eavities are exposed by 
coronal section of the sternum and cartilages 


Cartilage continuous 
with sternum 


Interarticular liga- 
ment and tiro 
joint-cavitics 



Single 

joint- 

cavity 


of the sternum by an interarticular ligament. Still more rarely, similar liga- 
ments are found in the other four joints of the series. In the lower two an 
interarticular ligament sometimes obliterates the joint-cavity, so as to convert 
the articulation into an amphiarthrosis. After middle life the articular surfaces 
lose their polish, become roughened, and the synovial strata apparently dis- 
appear. In old age, the cartil^es of most of the ribs become continuous with 
the sternum, and the joint-cavities are consequently obliterated. 

The costoxiphoid ligaments connect the anterior and posterior surface 
of the seventh costal cartilage, and sometimes those of the mxth, to the front 
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and back of the xiphoid process. They vary in length and breadth in different 
subjects ; those on the back of the joint are" less distinct than those in front. 

Movements. — Slight gliding movements are permitted in the sternocostal 
articulations. 


Intbechondral Articulations (fig. 469) 

The contiguous borders of the sixth and seventh, tho seventh and eighth, 
the eighth and ninth, and sometimes the ninth and tenth, costal cartilages 
articulate with each other by small smooth, oblong facets. Each articula- 
tion is enclosed in a thin articular capfiulel lined by a synovial stratum and 
strengthened laterally and medially by interchondral Ugammts which pass 
from one cartilage to the other. Sometimes the fifth costal cartilages, more 
rarely the ninth and tenth, articulate by their lower borders with the adjoining 
cartilages by small oval facets ; more frequently the connexion is by a few 
ligamentous fibres. 

Costochondral Articulations 

The lateral end of each costal cartilage is received into a depression in the 
sternal end of the rib, and, the two are enveloped by the periosteum. 


ARTICULATION OP THE ]VUNUBR1UM WITH THE BODY OP THE STERNaAI 

In tho majority of cases the joint between the manubrium and the body 
of the sternum is a symphysis, the bony surfaces being coated with cartilage 
and connected by a disc of fibrocartilage which tends to ossify in advanced 
life. In rather more than thirty per cent, of cases tho central part of the 
disc undergoes absorption and the joint is converted into a diarthrodial one. 
The two segments of the bone are abao connected by the membrana sterni. 

Mechanism op the Thorax 

Each rib possesses its own range and variety of jnovemonts, but the movements 
of all are combined in the respiratory excursions of the thorax. Each rib may be 
regarded as a lever, the 

fulcrum of which is situ- 470^ — Lateral view of first and seventh ribs in 

ated immediately outside 
the costotransverse arti- 
culation, so that when the 
body of the rib is elevated 
the neck is depressed and 
vice versa ; from the dis- 
proportion in length of the 
arms of the lever a slight 
movement at the vertebral 
end of the rib is greatly 
magnified at the anterior 
extremity. 

The anterior ends of the 
ribs lie on a lower plane 
than the posterior ; when 
therefore the body of the 
rib is elevated the anterior 
extremity is also ’ thrust 
forwards. Again, the 
middle of the body of the 
rib lies in a plane below 
that passing through the 
two extremities, so that 
when the body is elevated 

relatively to Its ends it is at ^ , 

the same time carried outwards from the median plane of the thorax ; further, each 
rib forms the segment of a curve which is greater than that of the rib immediately 


position, showing the movernonts of the sternum and 
ribs in, A, ordinary expiration; n, quiet inspiration: 
c, deep inspiration. 
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above. Therefoxe elevation of a rib increases the .transverse diameter of the 
thorax in the plane 'to which it is raised. The modifications pf the rib movements 
at their verteoral ends have already been described (p. 361). Further modifier* 
tions result from the attachments of their anterior extremities, and it is convenient 
therefore to consider separately the movements of the ribs of the three groups — 
vertebroalg^al, vertebrochondral, and vertebral. 

Vertetrosternal ribs (figs. 470, 471).-»^The first rib differs from the others of this 
group in that its attachment to the sternum is a rigid one ; this is counterbalanced 
to some extent by the fact that its head possesses no interarticular ligament, and 
is therefore more/iuovable. The first pair of ribs with the manubrium sterni move 
as a single piece, the anterior portion being elevated by rotatory movements at the 
vertebral extremities. In normal quiet respiration the movement of this arc is 
practically nil ; when it does occur the anterior part is raised and carried forwards, 
increasing the anteroposterior and transverse diameters of this region of the chest. . 


Fig. 471. — Diagram showing the axes 
of movement (ab and cn) of a 
vertebrosternal rib. The interrupted 
lines indicate the position of the rib 
in inspiration. 



Fig. 472. — Diagrain showing the axis 
of movement (ab) of a vertebrochon- 
dral rib. The interrupted lines indicate 
the position of the rib in inspiration. 



The movement of the second rib is also slight in normal respiration, as its anterior 
extremity is fixed to the manubrium, and prevented therefore from moving upwards. 
The sternocostal articulation, however, allows the middle of the body of the rib 
to be drawn up, and in this way the transverse thoracic diameter is increased. 
Elevation of the third, fourth, fifth, and sixth ribs raises and thrusts forwards their 
anterior extremities, the greater part of the movement being effected by the rotation 
nf the rib-neck backwar£i. The thrust of the anterior extremities carries forwards 
and upwards the body of the sternum, which moves on the joint between it and 
the manubrium, and thtis the anteroj)ost6rior thotacic diameter is increased* 
This movement is, however, soon arrested, and the elevating force is then esroended 
in raising the middle part of the body of the rib and everting its lower boimr ; at 
the same time the costochondral angle is opened out. By these latter movements 
a considerable increase in the transverse diameter of the thorax is effected* 

Vertebrochondrid ribs (fig. 472).- --The seventh rib is included with this group, 
as it conforms more closely to thrir type. While the movenmts of these ribs as^t 
in enlarging the thorax for respiratory purposes, they are also concerned in itidie^ng 
the upper abdominal space for viscera displaced by the action Of the I^phi^m. 
The costal cartilages artlcolate with one another, so that each pushes tip thaiaboTe 
it, the final thrust being directed to pushing forwards and upwards the loi^r: ond 
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of the body of the sternum; The amount of elevation of the anterior extremities 
is limited on* account of the very slight rotation of the rib-neck. Elevation of 
the shaft is accompanied by an outward and backward movement ; the oiitward 
movement everts the anterior end of the rib and opens up the subcostal angle, 
while the backward movement pulls back the anterior extremity and counteracts 
the forwmd thrust due to its elevation ; this latter is most noticeable in the lower 
ribs, which are the shortest. The total result is a considerable increase in the 
transverse and a diminution in the median anteroposterior diameter of the upper 
part of the abdomen ; at the same time, however, the lateral anteroposterior 
riiameters of the abdomen are increased. 

Vertehral fibs, — Since these ribs have free anterior extremities and only costo- 
-central aiticulations with no interarticular ligaments, they are capable of slight 
movements in all directions. When the other ribs afe elevated these are depressed 
and fixed to form points of action' for the Diaphragm. 


Articulations of the upper extremity 


Th^rficq|ations of the upper extremity comprise the following : 

\3K®ternoclavicular. YT/ Radiocarpal (wrist). 

>l{^^cromioclavicu]ar. * VII. Intercarpal. 

tQlai^umeral (shoulder). VIJI. Carpometacarpal. 

NSZ^ubital (elbow). IX, Intermetacarpai. 

V. Radio-iilnar. X. Metacarpophalangeal. 

XI. Digital. 


STKUNOCLAVIOUIJVR ARTICULATION (fig. 473) 


The sternoclavicular articulation is a double arthrodial joint. The parts 
entering into its formation are the sternal end of the clavicle, the upper and 
lateral part of the manujbrium sterni, and the cartilage of the first rib. The 


Fig. 473. — StemoclaviciiJar cii ticuletioji. Anterior vie^s. 



articular surface of the clavicle is much larger than that of the sternum, and 
is invested with a layer of cartilage,* which is considerably thicker than that 
on the latter bone. The ligamenU of this joint are : 

Hhe articular capsule, Interclavicular. 

Stemoolavioular. Costoclavicular. 

The articular disc. 




* According ta Braoh^ the et^nalead of the claviclo i& covered by a tt«sue which Is 

rather Ibtt in strtt^^ 
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The articular capsule surrounds the articulation ; in front and behind 
it is of considerable thickness, but above, and especially below, it is thin and 
partakes more of the character of areolar than of true fibrous tissue. 

The sternoclavicular ligament is a broad band, covering the anterior 
surface of the articulation ; it is attached above to the upper and front part 
of the sternal end of the clavicle, and, passing obliquely downwards and memkl- 
wards, is^^tached below to the front of the upper part of the manubrium 
sterni. 

The interclavicular ligament is a curved band, which varies considerably 
in size in different individuals ; it is continuous above with the fascia colli 
(deep cervical fascia) ; it passes from the upper part of the sternal end of one 
clavicle to that of the other, and is also attached to the upper margin of the 
sternum. 

The costoclavicular ligament (rhomboid ligament) is short, fiat, strong, 
and rhomboid in form. Attached below to the upper surface of the cartilage 
of the first rib, it ascends backwards and lateralwards, and is fixed above to 
the costal tuberosity on the under surface of the clavicle. 

The articular disc is flat and nearly circular, and is interposed between 
the articulating surfaces of the sternum and clavicle. It is attached, above to 
the upper and posterior border of the articular surface of the clavicle ; below 
to the cartilage of the first rib, near its junction Avith the sternum ; and by 
its circumference to the articular capsule. It is* thicker at the circumference 
than at the centre, and divides the joint into two cavities ; each of its surfaces 
is clothed by a synovial stratum. 

I The arteries s upplying the joint are derived from the internal mammary 
and suprascapular arteries; the nery^ , from the anterior supraclavicular 
nerves. “”"**^*" 

Movements.-^This articulation admit^o? a limited amount of motion in nearly 
every direction — upwards, downwards, backwards, forwards, as well as circum- 
duction.] When these movements take place in the joint, the clavicle in its motion 
carries the scapula with it, this bone gliding on the outer surface of the chest, ^his 
joint therefore forms the centre from which all movements of the supportingurclt' 
of the shoulder originate, and is the only point of articulation of the shoulder girdle 
with the trunk.^/The movements attendant on elevation and depression of the 
shoulder take place between the clavicle and the articular disc.) When the shoulder 
is moved forwards and backwards, the clavicle, with the artiemar disc, rolls to and 
fro on the articular surface of the sternum. Elevation of the shoulder is limited 
principally by the costoclavicular ligament; depression, by the interclavicular 
ligament and articular disc. The muscles wUch raise the shoulder are the upper 
fibres of the Trapezius, the Levator scapulse, and the clavicular .head of the Steruo- 
cleidomastoideus, assisted to a certain extent by the !E^homboidei which pull the 
vertebral border of the scapula backwards and upwards and so raise the shoulder. 
Deyressim of the shoulder is principally effected by gravity, assisted by the 
Subc]a\ius, Fectoralis minor, and lower fibres of the Trapezius. The shoulder 
is drawn backwards by the Rhomboidei and the middle and lower fibres of the 
Trapezius, and forwards by the fcjerratus anterior and Fectoralis minor. 

Applied Anatomy . — The sirongth of this joint mainly depends upon its ligaments, and 
it is owing to these, and to the fact that the force of the blow is usually transmitted along 
the long axis of the clavicle, that dislocation rarely occurs, and that the bone is broken 
rather than displaced. When dislocation docs occur, the course which the displaced 
bone takes depends more upon the dii oction in which the violence is applied than upon 
the anatomical construction of the joint; it may be either forwards, backwards or 
upwards. Should it be displaced backwards it may cause pressure on the trachea. 
The chief point worthy of note, as regards the constructioti of the joint, in connexion 
with dislocation, is the fact that, owing to the shape of the articular surfaces, and the 
strength of the joint mainly depending upon the ligaments, the displacement w'hen 
reduced is very liable to recur, and hence it is extremely difficult to keep the end of the 
bone in its proper place. 
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The acromioclavicular articulation (fig. 474) is an arthrodial joint between 
the acromial end of the clavicle and the medial margin of the acromion of the 
scp.pula. Its ligaments are : 


'The articular capsule. 
Acromioolavicuw. 
The articular disc. 


I Trapezoid 

Coracoclavicular and 
[ Conoid. 


The articular capsule completely surrounds the articular margins, and 
is strengthened above by the acromioclavicular ligament. 


Fig. 474. — The left shoulder- joint and acromioclavicular joint and the 
ligaments of the scapula. 



The acromioclavicular ligament is a quadrilateral ])and, covering the 
superior part of the articulation, and extending between the upper part of 
the acromial end of the clavicle and the adjoining jjart of the upper surface 
of the acromion ; it is composed of parallel fibres, which interlace with the 
aponeuroses of the Trapeziius and Deltoideus. 

The articular disc is frequently absent from this articulation. When 
present, it generally only partially separates the articular surfaces and occupies 
the upper part of the articulation. More rarely, it completely divides the joint 
into two cavities. 

The coracoclavicular ligament (fig. ’474) connects the clavicle with 
the coracoid process of the scapula. It does not properly belong to the acromio- 
clavicular articulatiofi, but is usually described with it since it forms a most 
efficient means of retaining the clavicle in contact with the acromion. It 
consists of two parts, viz. the trapezoid and conoid ligaments, which arc usually 
Separated by, a pursa* 

The trapezoid ligament, the anterior and lateral fasciculus, is broad, thin, 
and quadrUateral. It is attached, below, to the upper surface of the coracoid 
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f irocess; aboT«, to the oblique lit^e on the unto surface the davicle. 
ts anterior border la fiee, its posterior is joined 'vritix the conoid ligament, the 
two forming, by their junction, an angle projecting backwards. 

The coTioid ligcment, the posterior and medial fasciculus, is a dense band of 
fibres, conical in form, with itf base. directed upwards. It is attach^ by its 
apex to impression at the base of the coracoid process, medial to the 

trapezoid ngament ; above, by its base, to the coracoid tuberosity on the under 
surface of the clavicle, and to a line proceeding medialwards from it for 1‘26 cm* 
The arteries supplying the joint are derived from the transyerse.,scwular 
and thoraco-acromial arteries ; the nerves, from the supraggapnlftr. and^ 
nerves. . 

Movements. — The movements of this articulation are of two kinds : (1) agUdifig 
motion of the articular end of the clavicle bn the acromipn ; (2) mtfl^n of the 
scapula forwards and backwards upon the clavicle. The extent of this rotation is 
limited by the two portions of the coracoclavicular ligament, the trapezoid limiting 
rotation forwards, and the conoid backwards. 

The acromioclavicular joint has important functions in the movements of the 
upper extremity. Humphry pointed out * that if there had been no joint, between 
the clavicle and scapula, the circular movement of the scapula on the ribs (as in 
throwing tlie shoulders backwards or forwards) would have been attended with 
a greater alteration in the direction of the shoulder than is consisted with the 
free use of the arm, in such positions, and it would have been impossible to give 
a blow straight forwards with the full force of the arm : that is to say, with the 
combined force of the scapula, arm, and forearm. ‘ This joint,’ as he happily 
says, ‘ is so adjusted as to enable either bone to turn in a liingc-like manner upon a 
vertical axis drawn through the other, and it permits the surfaces of the scapula, 
like the baskets in a roundabout swing, to look the same way in every position, or 
nearly so.’ Again, when the whole arch formed by the clavicle and scapula rises 
and falls (in elevation or depres.s...j of the shoulder), the joint between these two 
Imnes enables the scapula still to naintain its lower part in contact with the ribs. 

Applied Anatomy . — icroiniodavicular joint owes its security mainly to the 
coracoclavicular ligament, , .lich limits the amount of movement of the acmmial end of 
the clavicle either upwards, backwards, or forwards. Ovving to the slanting shape of 
the articular smfaces of this joint, dislocation generally occurs iipwards; that is to say, 
the acromial end of the clavicle is displaced above the acromion of the scapula. The 
displacement isoften incomplete, on account of the strong coracoolayicular ligaments, 
which remain untorn. The same difficulty exists, as m the sternoclavicular dislocation, 
in maintaining the end of the bone in position after reduction. 


LIGAMENTS OF THE SCAPULA 

The ligaments of the scapula (fig. 474) are : 

Coraco-acromial. Superior and Inferior transverse, " 

The coraco-acromial ligament is a strong triangular band, eictending 
between the coracoid process and the acromion. Its apex is attSiChed to the 
summit of the acromion just in front of the articular surface for the clayfole ; 
and its base to the whole length of the lateral" border of the coracoid process. 
This ligament, together with the coracoid process and the acromion, forms a 
vault for the protection of the head of the humerus. It sometimes consists 
of two strong marginal bands and a thinner intervening portion, the two bands 
being attached re.spectively to the apex and the base oi the coracoid ]^oce8», 
and joining together at the acromion. . , \ 

Whe^ the Pectoralis minor is inserted, as ocoasronally is the case, into the 
capsule of the shoulder-joint instead of into the coracoid process/ it piusses 
betwe^ th^ two bands, and the intervening portion the %axn€mt is then^ 
deficient. " v , . t 

The superior transverse tij:ament (sufaraseapular Bgam^l^oonverto 
the soapular notch into a forinnen, and is It jis am 

flat fasciculus^ narrower at the mid^e thanja|ibe vAMi s^aatta^h^ 

, * A Wrisiaise on \ 
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to tli0 base, of ihe' coracoid^process and the medial end. of the scapular notch 
yesp^tivdy^ ' *the aupriscapular hei*ve ruoa through the foramen ; the trann- 
ver^ vesseia cross over the ligament. 

The inferior transverse Iig:ament (spiaoglcnoid ligament) is a weak 
membranous band, situated behind the neck df the scapula and sti-etching from 
the lateral border of the spine of the scapula to the margin of the glenoid cavity. 
It ftoms an arch under which the transverse scapular vessels and suprascapular 
nerve enter the infraspinatous fossa. It is freqtjcntly ab.sent. 


: III. HUMKUAh OTICULATION OR 

■ The shotdder 'joint (h^.. t74) is an enarthrodial or ball-and-socket joint. 
The bones entering into it. jrmauon are tlio hemispherical head of the humerus 
and the shallow glenoid * *. ilv of the sca]>»ila, an arrangement which permits 
of very conaiddfablo movement, while the joint itself is })rotected against 
displacement, by the muscles which surround it. The joint is also protected 
above by an arch, formed b 3 " the coracoid process, the acromion, and the 
coraco-a<.*romial ligament. The articular cartilage on the head of the humerus 
is tin aLthe centre than at the circumference, the reverse being the case 
SSTih the articular cartilage of the glenoid cavity. The ligaments of the 
articulation are : 


The articular capsule. The glerioidal labruni. 

Coracohumeral, T ra nsv'iase h in n < Tal . 

articular capsule (hg. 475) envelopKS the joint, and is attached, 
above, to the circumference of the glenoid cavity beyond the glenoidal labriim ; 
below, to the anatomical neck of the humerus, approaching nearer to the 
articular cartilage at the upper than at the . >vei part of tluj neck.'? It is thicker 
above and below' than elsewhere, and is so »omarkal:)ly loose and lax, that the 
bones may be separated from eiw'h other for a di^ftanco of about 2*5 cm., an 
evident provision fpr the great freedom of mo\e!U(*nl >vhioh is permitted at 
this .arVculation. It is strengthened, above, by Ihc Sapraspiiiatus ; below A 
b}^ thei long head oi the Triceps braphii ; behind, ]>y the tendons of th(‘ Infra- 1 
spinatus and Teres minor; and in front, by the tendon of the Subsea puJaris. I 
Tbef 0 are usually lliree openings in thri eax).sulc. ( )ne auteriony, below' the ’ 
9pr aci)id> process, establishes a conmiUni(;aiioii beUveen the joint "and a bursa 
beneath the tendon of the Subseapularis ; nnotlier* bet ween tlu^ tubercles of the 
humeri^ , gives passage to the long tendon of the Biceps brachii ; the third, 
whreh 1 b not constant, is a t th e posterior pai,:J:, between the joint and a biu'sal 
sae„UJDtfhir^'the-t^ of tESv fnfe^pinatus. ' 

whifvh iirt> named ihi^^ ^Wtwhnmeral 

sti:engthen the capsule. These are best seen by opening^ the posterioj* part of 
the ca^ule of the joint and removing the head of the humerus. /One on the 
mediafslde of the joint passes from the medial edge of the glenoTd ea\'ity to 
the lower part of the le.sSor tubercle f>f the hutnerus : a second at the low'er part 
of the joint e:?ctonds from the under edge of the glenoid ea\ itv' to t he under 
pa^rt of the anatomical neck ; a third at the upper part of the joint is fixed 
above to the apex of the glenoid Cavity close to the root of the coracoid process, 
and pMBing downwards along tlie inedial edge of the tendon of the Biceps 
bracmi/ is^ attached below to a small depression above the lesser tubercle. In 
addition to these, the capsule is strengthened in front by two bands, one derived 
from the tendon of the Peetoralis major, the other ifroin the tendon of the 
Temi major. . 

The d^mmal ifimtum is r^ected froiUK the margin of the glenoid cavity 
, over the ; it is then reflected over tho inner surface of the capsule, and 

covers the lower part^^i^ sides of the anatomical neck of the htunerus as far 
m th^ arSetdar ciartibs^e on the head of tho bone. The tendoii of the long 
head of Biceps brochtt passes though the fibrous stratum of the oapsufe 

. J* 1.^ JaTi,. _ Jr Jl 2 ^ 'i. t ! j ‘■i ; 


is in a tubular she^t^i; 

m the ol 

the 



synovial stratum, which ia r«fieeieid' 
loid cavity anji. continued round the 
i%i i^r as the surpial neck of the huihem 
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The coracohumeral ligament is a broad band which strengthens the 
upper part of the capsqjc. It arises fronx the lateral border of the root of the 
coracoid process, and passes obliquely down^vards and lateralwards to the front 
of the greater tubercle of the humerus, blending with the tendon of the Supra- 
spinatus. The hinder and lower border of the ligament is united to the capsule ; 
its anterior and upper border is free, and overlaps the capsule. 

The trjjpsverse humeral ligament (fig. 475) is a broad band passing from 
the lesser to the greater tubercle of the humenis ; it converts the intertubercular 
sulcus into a canal, and its attachment is always limited to that portion of 
the bone which lies above tlio epiphysial line. 


Fig. 476. — Articular capsule of shoulder-joint (distended). Anterior aspect. 


Superior trantversc ligament 


Trans verst 
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fhirsa under 
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The glenoidal labrum (glenoid ligament) is a fibrocartilaginous rim 
attached round the margin of the glenoid cavity. It is triangular on section, 
the base being fixed to the circumference of the cavity, while the free edge 
is thin and sharp. It is continuous a ) e with the tendon of the long head 
of the Biceps brachii, which givc^ off twu 'asciculi to blend with the fibrous 
tissue of the labrum. It d<‘-cpens .the articular cavity, and protects the edges 
of the bone. 

Bursse. — The bursa? in the neighbourhood of the shoulder-joint arc the following : 
(1) One is constantly found between the tendon of the Siibscapularis muscle and 
the capsule : it communicates with the synovial cavity through an oi^ening in the 
front of the capsule ; (2) one is sometimes found between the tendon of the Infra- 
spinatus and the capsule ; it occasionally opens into the joint ; (3) a large one 
exists between the under surface of the Dcitoideus and the capsule, but does not 
communicate with the joint : this bursa is prolonged under the? acromion and 
coraco^romial ligament, and intervenes between these structures and the capsule ; 
(4) a large one is situated on the summit of the acromion ; (5) one is frequently 
found between the coracoid process and the capsule ; ((5) one exists beneath the 
Coracobrachialis ; (7) one lies between the Teres major and the long head of the 
Triceps brachii ; (8) one is placed in front of, and another behind, the tendon of 
the Latissimus dorsi. 

The muscles in relation with the joint are, above, the Supraspinatus ; below, 
the long head of the Triceps brachii ; in front, the Snbscapularis ; bebind|^,the 
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Infraspinatus and Teres minor ; within, the tendon of the long head o^ the Biceps 
brachii. The Deltoideus covers the ar .dilation in front, behind, and laterally. 

The arteries supplying the joint are derived from the anterior and posterior | 
humoral circumflex, and transverse scapular arteries ; the nerves, from the axillary I 
and suprascapular nerves. 

Movements. — The shoulder-joint is capable of flexion, extension, abduction, ? 
adduction, circumduction, and rotation. The humerus is flexed (drawn forwards) ! 
by the Pectoralis major, anterior fibres of the Deltoideus, Coracobracbialis, and 
when the forearm is flexed, by the Biceps brachii ; extended (drawn backwards) 
by the Latissimus dorsi, Teres major, posterior fibres of the Deltoideus, and, when 
the forearm is extended, by the Triceps brachii ; it is abducted by the Deltonbrns 
and Supraspinatus ; it is adducted by the Siibscapularis, Pectoralis major, Latissimus 
dorsi, and Teres major, and by the weight of the limb ; it is rotated outwards by 
the Infraspinatus and Teres minor ; and it is rotated inwards by the Subscapularis, 
Latissimus dorsi, Teres major, Pectoralis major, and the anterior fibres of the 
Deltoideus. 

f The most striking peculiarities in this joint are : 1 . The large size of the head 
of the humerus in comparison with the depth of the glenoid cavity, even though this 
latter is supplemented by the glenoidal labrum. . 2. The looseness of the capsule 
of the joint. 3. The intimate connexion of the capsule with the muscles attached 
to the head of the humerus. 4. The peculiar relation oc the tendon of the long 
lioad of the 'Biceps brachii to the joint. 

Iti is in consequence of the relative sizes of the two arliculai* surfaces, and the 
looseness of the articular capsule, that the joint enjoys sucli free movement in all 
directions. Wlieh those movements of the arm are arrested in the shoulder- joint 
by the contact of the bony surfaces, and by the tension of vhe fibres of the capsule 
together with that of the muscles acting as accessory ligaments, the arin can be 
carried considerably farther by the movements of the scapula, iJivolving, of course, 
motion at the sternoclavicular and acromioclavicular joints. These joints are 
therefore to be regarded as accessory to the shoulder-joint (see pp. 365 to 368). 
The extent of the scapular movements is very considerable, especially in extreme 
oi(*vation of the arm, a movement best accomplished when the arm is thrown some- 
what foiwards and outwards, because the margin of the head of the humerus is by 
no means a tnie circle ; the greatest diameter of the head is from the inicrtubcrcular 
groove, downwards, medial wards, and backwards, and the greatest elevation of the 
arm can be obtained by rolling its articular surface in the iiiection this measure- 
ment. 

The looseness of the capsule is so great that the arni will fall about 2 5 cm. from 
the scapula when the muscles are dissected from the capsule, and an opening made 
in it to counieract the atmospheric pressure. The movemcnls of the joint, there- 
fore, are not regulated by the cajisule so much as by the surrounding muscles, an 
arrangement which ‘ renders the movements of the joint much more easy than 
they would otherwise have been, and permits a swinging, pendulum-like vibration 
of the limb when the muscles arc at rest ' (Humphry), The fact, also, that in all 
ordinary positions of the joint the cn \ule is not put ou the stretch, enables the arm 
to move freely in all directions, . i:; »cme jiiovements are clu^cked by the tension 
of appropriate portions of the capsiilc, as well as by the interlocking of the bones. 
Thus it is said that ‘ abduction is checked by the contact of the great tuberosity 
with the upper edge of the glenoid cavity ; adduction by the tension of the coraco- 
humeral ligament ’ (Beauiiis and lk)uchard). Cleland maintains that the limita- 
tions of movement at the shoulder- joint are due to the structure of the' joint itself, 
the glenoidal labrum fitting, in different |)osition.s of the ele’.vated arm, into the 
anatomical neck of the humerus. 

The scapula is capable of being moved upwards and downwards, and forwards 
and backwards, and, by a combination of these movements, circumducted on the 
wall of the chest. The muscles wliich raise the .scaj)ula are the upper fibres of the 
Tiawzius, tbc Tjevator scapulas, and the llhomboidei ; those w'hich depress it arc 
the lower fibres of the Trapezius, the Pectoralis minor, and, through the clavicle, 
the Sutclavius. The scapula is drawn backwards by the Rhomboidei and the 
middle and lower fibtes of the Trapezius, and forwards by the Serratua anterior and 
Pectoralis minor, assisted, when the arm is fixed, by the Pectoralis major. The 
mobility of the scapula is very considerable, and greatly assists the movements of 
* Jowmai of Anatomy and Physiology, vol. i., 18G7. 
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the arm at the shcmlder-joint. Thus, in raiiiyig the arm from the side, the Del* 
toideus and Supras]^natus can oiih lift it to a right angle with the trunk, the farther 
' elevation of the limb being effected by the Trapezius and Serratus anterior moving 
[ the scapula on the wall of the ohesf. This mobility is of special im^wrtance in 
ankylosis of the shoulder-joint, the juovements of the >scapula coinix^nsating to a 
Very great extent for the inmiobility of the joint. 

Cathft^Sft * has pointed out that in abducting the arm and raising it above the 
head, the scapula rotat(\s throughout the whole movement with the exception of a 
short space at the beginning and at the end ; that the humerus moves on the scapula 
not only while jwssing fro?ii the hanging to the horizontal positu>n, but also in 
travelling upwards as it approaches the vertical above ; that the clavicle moves 
not only during the second half of tli<* movement but in the fn*st as well, though to 
a less extent — i.e. the soajmla and clavicle are concerned in the liret stage as w'ell 
as in the second : ;ind that the Jiumcnis is partly involved in tlie second as well as 
chiefly in the first. 

The peculiar relatiruis of the tendon of the long head of the Biceps brachii to 
the shoulder; joint appear to subscu ve various piu*post\«. In the first place, by its 
connexion witli both the shoulder and elbow the muscle harmonises tlie action of 
the tw^o joints, and acts as an elastic ligament in all positions, in the manner pre- 
viously discussed (see p. 315). It strengthens the upper 2mrt of the articular cavity, 
and jjro vents the liead of the humerus from being pressed up against the acromion 
when tlie Deltoideus eoiil vacts ; it thus Axes the head of the humerus as the centre 
of motion in the glenoid cavity. By its passage along the intei'tubercular sulcus 
it assists in sti'adying the head of Ihe humerus in the various movements of the 
arm. When the arm is raisefl from tlie side the Biceps brachii assists the Supva- 
spinatuH and rnfraspinatus in rotating tJie head of the humerus in the glenoid 
cavity. It also holds the head of the bone firmly in contact with the glenoid 
cavity, and prcv(‘nts it sliiiping over the lower edge, or being displaced by the 
action of the Latissimus dorsi and Pectojalls major, as m climbing and many other 
movements. 


Applied Anatomy . — (Kving to Ihe coiislruction of tlii^ shouldor-joinfc and the freedom 
of movoniQiit which it ciijo as well as in consivpa'nc-e of its exposed situation, it is more 
frequently ?lh}looato<l than any other joint. Dislocation occurs when the arm is abducted, 
and w'licn, tlierefore, <hc Ijt'ad of the hurnerns presses Mgainst the lower and front i)art of 
the capsule, which is Uje* tliiiinest and least supi>oriod part of the ligament. The rent in 
the capsule almost invariably takes place in this situation, and through it the head of the 
bone cscai^es, so that the dislocation in instances is primarily subglenoid The 

head of tht; bone does not usually ivTuain in this siluatioi), betwc(*n blio tendons oi the 
Subscapularis and tlie Triceps bracJiii, but generaU,> assumes some other position; which 
varies according to the ilirection and amount of force i>roducing the dislocation and the 
relative strength of the ruuselcs in front of and behind the joint. As tlie mus-des at the 
back arc stronger than those in front, and especially sinee Ihe long head of the Triceps 
brachii i^rcvents the hone from passing ba(d\ Avar Js, dish>catiou forwards Is much the more 
common. The most freniu nt pi^sitiou Avhich the head of tlio burncrus ultimately assurnos 
is on the front of the, neck of the .scapula, honcath the coracoid lArocoRs, and hence named 
subcoracoid. (>'casional]y. in consequence of a greater amount of force being brtmght 
to bear on the limb, the head is driven farther rm di.al\\ards, and rests ou the upper part 
of the front of llic chest, beneath tlaj clavicle (subc.lavicular). Konn'tirnes it remains 
in the fiositiou in which it aa ^m primarily disphtced, resting on the axillary border of tho 
scapula (subglenoid), and rarely it posses backwards and remains in the infrnRpijbafef>us 
fossa, beneath the spine fsuhspiiious). 

The shoulder-joint irjay he the -seat of any of those inflammatory affections, either 
acute or chronic, which attack joints, though perhaps loss frcrjuently than sprne other 
articulations of equal size and importance. Acute .-ynovilis inaj' result from injury, 
rheumatism, or pytemia, or may hdlov.'^ secondarily on acute e.pipfjA^dtis in infants, :dt’ 
is attended with effusion into the joint, and when lliia occurs tlic capsul<^ is evenly 
distended, and the contour of the joint rfiuuded. Special projections may occur at 
sites of the opening^i in the capsule. Thu.s a .SA/A^clling may ai)pcar just Medial to the leijftt 
tubercle, from effurion into the bursa beneath tHb Subscapularis : or, agajfi, a ^W^llizig 
which is. sometimes bilobed may bo serai in the interval between the Deltoid?iUs opS. 
Pecforalis major, from effusion into the diverticulum which runs down the intertHhoroul^sl' 
groove Ayith the tendon>of the Biceps brachii. Tho effusion into the joint-cavity can' b© 
best ascertained by examinatiou from th© axilla, where a soft, clastic, fluctuati^ aweltifjg 
^ can usually be fel|. In cases of septic aynovitis, where incision is required^tba ofibBteg 
should be made m front, over the most prominent point of the swellinjf;' 

^Jmrnal of AtiaUnn^ and Phy9%(d0gy; 1884. vnl. xviii « — 



CD^l^AL ARTlOt^MON OB 373 

pus htfRj been evacuate^' a counter*opening should be made behind, so as to ensure 
efi^cient drainage. 

Tuberculous arthritis not infrequently attacks the shoulder- joint, and may lead to 
total destruction of the articulation, when ankylosis may result, or loug-protractcd sup- 
puration may necessitate excision. This joint is also one of those vhich is most liable 
to be the soat of osteo-arthritis, and may also be affected in gout and rhciimatisin ; or 
in locomotor ataxy, when it becomes the st^at of Charcot’s disease. 

Ankylosis is occasionally met with in the shoulder-joint as the n^sult of destructive 
changes. The ankylosis usually takes place with the arm in a dependent position, 
and any attempt to raise the arm is attended by a rotation of the scapula on the wall 
of the chest. ' • 

Bxcision of the shoulder-joint may be required in cases of arthritis (especially the 
tuberculous form) which have gone on to destruction of the articulation; in compound 
dislocations and fractures, particularly those arising from gunshot injuries, in which 
there has been extensive injury to the head of the bone ; in some cases of old ijnreducod 
dislocation, where there is much pain. The operation is best performed by making an 
incision from the middle of the coraco-acromial ligament down the arm for about 7 or 
8 cm. ; this will expose the intcrtubercular groove containing the tendon of tlie Biceps 
brachii, which should be hood'd out of the way. The capsuki is freely opened, and the 
muscles attached to the greater and lesser tubercles of the humerus are stripped off with 
the capsule, without dividing their attachments to the latter. The head of the bone can 
then be thrust out of tlie wound and sawn off ; or divided with a narrow saw in situ and 
subsequently removed. The section should be mad(‘, if pos^tible, just below the articular 
surface, so as to leave the bone as long as possible. 


IV. CUBITAL ABTICUIJITION OU ELBOW-JOINT 

The elbow-joint (figs. 478, 479) includes three articulations : — (1) humero- 
ulmr, between the trochlea of the humerus and the semilunar notch of the 
ulna, (2) humeroradial i between the capitulurn of the humerus and the fovea 
on the head of the radius, and (3) proxhml radio-^ilnar, where the circumference 
of the rac^ial head is retained in the circle formed by the annular ligament 
Jind the radial notch of the ulna (sec p. 376). All three are included in a common 
articular capsule. 

The humero-ulnar and humeroradial articulations together form a ginglymus 
or hinge- joint, the ligaments of which are : 

The articular capsule. Ulnar collateral. Radial collateral. 

Articular capsule. — The anterior part of the articular capsule is a broad and 
thin fibrous layer. It is attached, above, to the front of the medial epicondyle 
and to the front of the humerus immediately above the coronoid and radial 
fossjo ; below, to the anterior surface of the coronoid process of the ulna and 
to the annular ligament (p. 376), being continuous on either side with the 
collateral ligaments. Its superficial fibres pass obliquely from the jnedial 
epicondyle of the humerus to the annular ligament. The middle fibres, vertical 
in direction, pass from the upper part of the coronoid depression and become 
partly blended with the preceding, but are inserted mainly into the anterior 
surface of the coronoid process. The deep or transverse set intc*rsccts thecae 
at right angles. It is in relation, in front, with the Brachialis, e.Kcept at its 
most lateral part. 

Thib posterior part of the articular capsule is thin and membninous, and 
consists of transverse and oblique fibres. Abo\ c, it is atlached to the humerus 
immediately behind the capliuluin and close to the medkl margin of the 
trpchlea, to the margins of the olecranon fossa, and to the baclv of the lateral 
epicondyle some little distance from the trodilea- Bolow% it is fixed to the 
\tppet and lateral margins of the olecranon, to the posterior part of the annular 
ligain^nt, and to the ulna behind the radial notch. The transverse tibi'es 
form a strong fasciculus whiejh bridges the olecranon fossa; under cover of 
this band a pouch of the synovial stratum and a pad of fat jiro cfisplaced 
into the upper part of the fossa when the joint is extended. In the tat are a 
few scattered fibrous bimdlcs which pass from the deep surfeice of tlie transverse 
to the upper part of the fossa. It is in relation, behind; with the tendon 
of ttie ^Crfccps braohii and the Ancoiweus, 

; the shiUuni; (figs. 476, 477) is very extensive, ft extends from 

of the ar^culaiP surface of the humerus^ and lines the, oorondd, 
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radial and olecranon fossae on that bone ; it is reflected over the deep surface 
of the capsule and lines the deep surfabce of the annular ligament. Projecting 
into the joint-cavity between the radius ahd ulna is a crescentic fold of the 
synovial stratum, suggesting the division of the joint into two : one the humero- 
radial, the other the humero-ulnar. 

Between the fibrous and the synovial strata of the articular capsule are 
three masses of fal . The largest , over the olecranon fossa, is pressed into the 
fossa by the Triceps brachii during flexion ; the second, over the coronoid 
fossa, and the third, over the radial fossa, are pressed by the Braohialis into 
their respective fossa) dining extension. • 

Fig. 476. — Articular capsule of elbow- Fig. 477. — Articular capsule of elbow- 

joint (distended). Anterior aspect. joint (distended). Posterior aspect. 




The ulnar collateral ligament (internal lateral ligament) (fig. 478) is a 
thick triangular band consisting of two j)ortions, an anterior and a posterior, 
united by a thinner intermediate portion. The mUerior portiony ^ected 
obliquely forwards, is attached, above, by its apex, to the front part of the 
medial epicondyle of the humerus ; and, below, by its broad base, to the medial 
margin of the coronoid process. The posterior portion, also of triangular form, 
is attached, above, by its apex, to the lower and back part of the medial epy 
condvle; below, to the medial margin of the olecranon. Between these 
two bands a few intermediate fibres descend from the medial epicondyle to an 
obli^V/6 band which stretches between the olecranon and coronoid proci^ses 
and converts the depression on the medial margin of the semilunar notch into 
a foramen, through which the intra-articular pad of fat is continuous with 
the extra-articular fat on the medial side of the joint. ITiio ulnar collateral 
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ligament is in relation mth the Triceps brachii and Flexor carpi ulnaris and 
the ulnar nerve, and gives origin to part of the Flexor digitorum sublimis. 

The radial collateral ligament (external lateral ligament) (iig. 479), a short 
and narrow fibrous band, less distinct than the ulnar collateral, is attached, 
above, to a depression below the lateral epicondyle of the humerus, and below, 
to the annular ligament; some of its most posterior fibres pass over that liga- 
ment, inserted into the lateral margin of the ulna. It is intimaMy 

blended wittt' the origins of the Supinator and Extensor carpi radialis brevis. 

The muscles in relation v4th the joint are, in front, the Brachialis ; behind, the 
Triceps brachii and Anconieus ; laterally, the Supinator, and the common tendon 
of origin of the extensor muscles ; medially, the common tendon of Origin of the ' 
flexor muscles, and the Flexor carpi ulnaris. 

The arteries supplying the joint are derived from the anastomosis between the 
profunda and the suijerior and inferior ulnar collateral branches of the brachial, 
with the iiiiterior, posterior, and interosseous recurrent branches of the ulnar,, and 
the recuiTent branch of the radial. These vessels form an anastomotic network 
aroimd the joint. 

ffhe nerves of the joint arc a twig from the ulnar, as it passes between the medial 
condyle and the olecranon ; a filament from the musculocutaneous, and two from 
the median. 

The movements at the elbow-joint arc described on p. 378. • 


V. RADIO ULNAR ARTICULATIONS 

Tlie articulation of the radius with the ulna is effected by ligaments which 
connect together the extremities and also the bodies of these bones. The 
ligaments may, consequently, bo subdivided into three sets : 1, those of the 
proximal radio ulnar articulatioil ; 2, the middle radio-ulnar ligaments ; 

3, those of the distal radio-ulnar articulation. 


1. Proximal Radio-ulnar Aktioulation 

This articulation forms a trochoid or pivot -joint between, the circumference 
of the head of the radius and the ring formed by the radial notch of the ulna 
and the annular ligament. 

The annular ligament (orbicular ligament) (figs. 476, 477, 480) is a strong 
band of fibres, which encircles the head of the radius, and retains it in contact 
vdth the radial notch of the ulna. It forms about four-fifths of the ossco- 
fibrous ring and is attached to the anterior and posterior margins of the radial 
notch ; a f(*w of it^i lowca* fibres are continued round below the notch and 
form at this level a complete fibrous ring. Its upper border blends with the 
anterior and posterior parts of th(' articular capsiile of the elbow-joint, ^hile 
from its lower border a thin loos<‘ membrane passe.s to be atUichcd tp the neck 
of the radius. A thickened band which extends from the inferior bordei?^ of 
the aimular iigaru4M below the radial notch to the neck of the radius is known 
as the quadrate ligament. The superficial surface of the annular ligament is 
strengthened by the radial collateral ligament of the elbow, and affords origin 
to part of the Supinator. Its dej'p surface is lined by a synovial stratum which 
is continuous with that of the el})ow-joint. " . 

Movements. — The movements allowed in this articulation are limited to rotatpiy 
movements of the head of the radius within the ring formed by the annular ligaiheht 
and the radial notch of the ulna ; rotation forwards being called pronatwfi ; rOtatfoh 
backwards, supination. Pronatioii is peaformed by the Pronator teres and Pronator 
quadratus ; supination by the Biceps brachii and Supinator, assisted to a oligl^ 
extent by the Extensor miiscles of the thumb* 


2* Midjol® JUdio-ulnab Union 

The bodies of the radius and ulna are connected by . the oblique 
the antibrachial interosseous inemb^aine. . . , / 
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The oblique GOfd (fig. 478). is a small, flattened band, extending from the 
lateral side cJf the tubercle of the ulna at the base of the coronoid process to 
the radius a little below the radial tuberosity. Its fibres run in the opposite 
direction to those of the interosseous membrane. It is sometimes wanting. 

The adtibrachial interosseous membrane is a broad and thin sheet of 
fibrous tissue, the fibres of which slant obliquely downwards and medialwards, 
from the interosseous crest of the radius to that of the ulna ; the lower part 
of the membrane is attached to the posterior of the two lines into which the 
interosseous crest of the radius divides. Two or three fibrous bands are 
occasionally found on the dorsal surface of this membrane ; they descend 
obliquely from the ulna towards the radius, i.e. in a direction contrary to that 
of the other fibres. It is deficient above, commencing about 2'.5 cm. below 


Fio, 480. — Annular ligament of radius, from above. The hfuid of tljp radius has 
been sawn off and the bone dislodged from the ligament. 



Olecranon {cut) 


the tuberosity of the radius ; is broader in the middle than at either end ; and 
presents an oval aperture a little above its lower margin, for the passage of the 
volar interosseous vessels to the back of the forearm. Between its upper 
border and the oblique cord is a gap, through whi(jh the dorsal interosseous 
vessels pass. This membrane serves to connect the bones, and to increase 
the extent of surface for the attoebmeut of the deep muvseles. It also transmits 
to the ulna and thcncc to the humerus any force acting upwards through 
the hand and radius. It is relaxed in complete pronation or suiiination, and 
is most t^se when the hand is midway between the prone and suidnc positions. 
The membrane is in relation, in front,, by its in)])er three-fourths, with the 
Flexor pollicis longus on the radial side, and with the Flexor digit oruin pro- 
fundus on the ulnar side; between these muscles are the volar interosseous 
vessels and nerve ; by its lower fomth Avith the Pronator quadraius ; behind, 
with the Supinator, Abductor pollicis longus, Extensor pollicis brevis, Extensor 
pollicis longus, Extensor indicis proprius ; and, near the wrist, with the volar 
interosseotis artery and dorsal interosseous nerve. 


3. Distal RADto-i/LTsrAR Articulation 

This is a pivot-joint -formed between the head of the ulna and the >ilnar 
notch of the lower end of the radius ; the stirfaccs are enclosed in an articular 
capsule and held together by an articular disc. 

Thb articular capsule is slightly thickened in front and behind ; above, 
^ it is JaJx and, with tl\e synovial stratum, projects upwards an a ]>oueh {rteesm^ 
mecifarmis) between the radius fundi the ulph. 
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The articular disc (fig. 483) is triangular in shape, and is placed distally to 
the head of the ulna, binding th^ lower ends of the ulna and radius fimily 
together. Its periphery is thicker than its centre, which is occasionally per- 
forated. It is attached by its apex to a depression between the styloid process 
and the head of the ulna ; and by its base, which is thin, to the prominent 
edge of the radius which separates the ulnar notch from the carpal articular 
surface. « rite margins are united to the ligaments of the wrist- joint. Its 
proximal Mrface, smooth and concave, articulates with the head of the ulna, 
forming an arthrodial joint ; its distal surface, also concave and smooth, forms 
part of the radiocarpal joint and articulates with tlie triquetral bone and 
medial part of the lunate bone. Each of its surfaces is clothed by a synovial 
stratum : the proximal, by that of the distal radio-ulnar articulation ; the 
distal, by that of the radiocarpal joint. 

Movements.— The movements of the three joints within the elbow should be 
studied together. The combination of the movements of flexion and extension of 
the forearm with those of pronation and supination of the hand, which is ensured 
by the two being performed at the same joint, is essential to the accuracy of the 
various minute movements of the hand. 

The portion of the joint between the ulna and humerus is a simple hinge-joint, 
and allows of movements of flexion and extension only. Owing to the obliquity 
of the trochlea of the humerus, this movement does not take place in the antero- 
posterior plane of the body of the liumcrus. When the forearm is extended and 
supinated, the axes of the arm and forearm arc not in the same line ; the arm forms 
an obtuse angle with the forearm, the hand and forearm being directed lateral- 
wards. During flexion, however, the forearm and the hand tend to approach the 
middle line of the body, and thus enable the hand to be easily carried to the face. 
The accurate adaptation of the trochlea of the humerus, with its prominences and 
depressions, to the semilunar notch of the ulna, prevents any lateral movement. 
Flexion is produced by the Biceps biachii and Brachialis, assisted the Brachio- 
radialis and the muscles arising from the medial condyle of the humerus ; extension 
by the Triceps brachii and Ancofucus, assisted by the Kxtensors qf the wrist, the 
Extensor digitorum (‘ommuuis, and the Extenso’’ digiti qiiinti propriiis. 

The joint betwe.en tin liead of the radius and the capitulum of the humerus is 
an arthrodial joint. The bony surfaces would of themselves constitute an enar- 
throsiS and allow of movement in all directions, W(u*(i it not for the annular ligament, 
by which the head of the radius is bound to the radial notch of the ulna, and which 
prevents any separation of the two bones laterally. It is to the same ligament that 
the liead of the radius owes its security from dislocation, wliich would otherwise 
tend to occur, from the shallownes-s of the cup-like surface on the head of the radius. 
In fact, but for this ligament, the tendon of the Bic(q)s Inaehii would be liable to 
pull the head of the radius out of the joint. The heacl of the radius is not in com- 
plete contact with the capitulum of the humems in all positions of the joint. The 
capitulum occupies only the anterior and inferior surfaces of the lower end of the 
humerus, so that in complete extension a part of the, radial head can be plainly 
felt projecting at the back of the articulation. In full flexion the movement of 
the radial head is ham|)ered by tlic compression of the surrounding soft parts, 
.so tJiat the freest rotatory movement of the radius on the humems (pronation 
and supination) takes place in semillcxion, in which position the two articular 
surfaces are in most intimate contact. Flexion and extension of the elbow-joint 
are limited by the tension of the structures on the front and back of the joint ; the 
limitation of flexion is also aided by the soft structures of the arm and forearm 
coming into contact. 

In any position of flexion or extension, the radius, carrWng the hand with it, 
can be rotated in the proidmal radio-ulnar joint. The hand is directly articulated 
to the lower surface of the radius only, and the ulnar notch on the lower end of 
the radius travels round the lower end of the ulna. The latter bone is excluded 
from the wrist-joint by the articular disc. Thus, rotation of the head of the radius 
round an axis passing through the centre of the raejial head of the humerus imparts 
circular movement to the hand through a very considerable arc. 

The movements in the distal radio-ulnar articulation consist of rotation of the 
lower end of the radius round an axis which passes through the centre of the head 
of the ulna. the radius rotates^Iorwards, proraUion of ,the forearm and hand 

is t lie iGsiilt ; and when backwards, supinaUorL It wUl thus be seen that in. 
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pfonation and supination the radius describes the segment of a cone, the axis of 
which extends from the centre of the head of the radius to the middle of the head 
of the ulna. In this movement the head of the ulna is not stationajy, but describes 
a curve in a direction opposite to that taken by the head of the radius. This, 
however, is not to be regarded as a rotation of the ulna — the curve which the head 
of this bone describes is due to a combined anteroposterior and rotatory movement, 
the former taking place almost entirely at the elbow-joint, the latter at the shoulder- 
joint. 

Applied Anatomy . — From the breadth of the elbow-joint, and the manner in which 
the articular surfaces are interlocked, and also on account of the strong collateral liga- 
ments and the support which the joint derives from the mass of muscles attached to each 
cpicondyle of the humerus, lateral displacement of the bones is very uncommon; whereas 
anteroposterior dislocation, on account of the shoidncss of the anteroposterior diameter, 
the weakness of the anterior and posterior parts of the articular capsule, and the want ot 
support of muscles, occurs much more frequently. Dislocation backwards takes place 
when the forearm is in a position of extension, and forwards when in a position of flexion. 
For, in the extended position, the coronoid process is not locked into the coroiioid fossa, 
and loses its grip to a certain extent, whereas the olecranon is in the olecranon fossa, 
and entirely prevents displacement forwards. On the other hand, during flexion, the 
coronoid process is in the coronoid fossa, and prevents dislocation backwards, while 
the olecranon, having left the olecranon fossa, is mjt so cfllcicnt in preventing a forward 
(lisplaconicht. When lateral dislocation docs take place it is generally incomplete. 
Dislocation of the clbow'-joint is of common occurrence in children, far inon^ common 
than dislocation of any other articulation. As a rule, in youug persons, tlic application of 
any severe violence to a joint is more likely to produce, a fracture of boiic than dislocation. 
In lesions of this joint there is often very great difSculty in ascertaining the exact natun^ 
of the injury. 

The elbow-joint is occasionally the seat of acute synovitis. The joint-cavity then 
becomes distended with fluid, the bulging showing itself principally around the olecranon, 
in consequence of the laxiiess of the articular capsule. Again, there is often some swelling 
just above the head of the radius, in the line of the radiohuineral joint, or the wdiole elbow 
may assume a fusiform appoaranco. Then*, is not generally much swidliug at the front 
of the joii\t, though sometimes deep-.seated fulness beneath the Drachialis may be noted. 
When suppuration occurs the abscess usually points at one ()r other border of the Triceps 
brachii ; occasionally th<i pus discharges itself in front, near th(' inser tion of the Drachialis. 
Ill cases of suppurative synovitis, incisions should be rrnnlo into the joint on cither side 
of the oh'cranon, care being taken to avoid wounding the ulnar nerve on the medial side. 
Chronic synovitis, usually of tubcreulous origin, is of common oceurrenco in the elbow- 
joint; in such eases the forearm tends to assume the position of semiflexion, which is 
that of greatest ease and relaxation of ligaments. It should be borne in mind that if 
ankylosis occur in this or the extended position, the limb will not be nearly useful as 
if ankylosed in a position of rather less than a right angle. The elbow -joint is also soine- 
tinu'S att’ected with ostcjo-arthritis, but less commonly tliaii some of the larger joints. 

Excision of the elbow is principally required for of Ihroo conditions — viz. tuber- 
culous arthritis, injury and its results, or faulty ankylosis-— but may be necessary for 
some other rarer conditions, such as disorganising arthritis after p^a‘mia and unredue>ed 
dislocations. The results of the operation are, as a rule, more favourable than those 
of excision of any other joint, especially in any of the first three conditions lucutioucd 
above. The operation is best performed by a vortical incision down the back of the joint; 
a straight incision is made about lOrCm. long, the mid-point ot which is on a level with 
and a little to the medial side of the' tip of the olecranon. This incision is made down to 
the bone, through the sub.stanee of the Triceps brachii, Tlie operator, guarding the soft 
parts with his thumb-nail, separates them from the bone with the point of his knife. In 
doing this there are two structures which he. should carefully avoid : the ulnar nerve, 
which as it courses down between the medial c'])ict)nd.\ b' and the olecianon lies parallel 
but a little medially to his ineiskm ; and the prolongation of the Tri(*,eps brachii into the 
deep fascia of the forearm over tlie Aucoincus. After clearing tlio bones and dividing the 
collateral and posterior ligaments, the forearm should be strc'ngly flexed and the ends of 
the bones turned out and sawn off. The turning out of the ends of th»'i bones is rendered 
easier by first cutting off the olecranon with a pair of cutting bone forceps. The s(*ction 
of the humerus should be through the base of the epicondyles, that of the ulna and radius 
should bo just below the level of the radial Ec.»tch of the ulna and the neck of the radius. 
In this operation the object is to obtain such union as shall allow free motion of the bones 
of the forearm; and, therefore, passive movements must bo ccar.rnenccd carl> — that is 
to say, about the tenth day. It is most important to maintain the. continuity of the 
Triceps brachii with the deep fascia of the forearm, so as to obtain good power of exten- 
sion in the new joint. 

Dislooatripn of the head of tlic radius alone is a not uncommon accident, and occurs 
most frequently in young persons from falls on the hand when the forearm is extended 
and supinated, the head of the bono being displaced forward. It is attended by rupture 
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of the ajiniilar ligan^nt. Occasionally a peculiar injury, which is supposed to be a 
siibluxation, occur! in young children in lifting them from the ground by the hand or 
forearm. It is believed that the head of the radius is displaced downwards in the 
annular ligament, the tipper border of which becomes folded over the head of the radius, 
between it and the capituluin of the hurnorus. The forearm becomes fixed in a position 
of seiniflexion, midway between su])ination and pronation, and groat pain is complained 


481. — Ligaments of wrist and metacarpus. Anterior view. 



of upon any attempt to move the joint. Tlie synovial stratum of the proximal radio- 
ulpar joint is directly continuous with that, of the elbow- joint, and, therefore^' any 
septic or tuberculous disease which affects the latter also involves the fonner joint. 
The proximal radio-ulnar joint is always removed in an exciBion of the elbow (see 
preceding paragraph). 


VJ. EADfOCARPAT. ARTICULATION OR WRIST-JOINT 

' '-k-' ■ 

The radiocarpal articulation or wrist-joint (figs- 481, 482) is a ccifcl^loid 
articulation. The parts forming it are the distd end of the radius an^ uiider , 
surface of the articular disc above; end the navinuiar,, huTM^ 
bones below. The articular surface of the radius and ilte under, of iho 
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arti^ula^^ disc form together a transversely elliptical concave surface, the 
cavUy* The proximal articular surfaces of the navicular, lunate, and 
triquetral bones form a smooth convex surface, the coTidyU, which is received 
into the concavity. The joint is surrounded by an articular capsule. The 
aytwvM stratum of the capsule is usually distinct from that bf the distal radio- 
ulnar joint and&om that of the carpal joints ; the fibrous stratum is strengthened 
by the following ligaments : 

Volar radiocarpal. Ulnar collateral. 

Dorsal radiocarpal. Radial collateral. 

Tlie volar radiocarpal lig^ament (fig. 481) is a broad membranous baud, 
attached above to the anterior margin of the distal end of the radius, to its 
styloid process, and to the front (jf the distal end of the ulna ; its fibi es pa«s 


Fig. 482, — Liganiouts of wrist. PoRfceiior view. 



downwards and medialwards to bo aflaohed tu the \ular stirfaeos of the navi- 
cular, lunate, and triquetral bones, some being continued to the capitate bone. 
In addition to tUis broad membrane, there is a rounded fasoiculiis, superficial 
to the rest, w'hich reaches from the base of the styloid j)rocess of the ulna to 
the lunette and triquetral bones. The ligament is perforate'd by apertures for the 
passage of vessels, and is in relation, in front, with the tendons of the Flexor 
digitonim profundus and Flexor polliois longiis ; behind, it is closely adherent to 
the anterior border of the articular di.se of the distal radio-ulnar artbulation. 

The'* dorsal radiocarpal ligament (fig. 482), less thick and strong than 
the volar, is attached, above, to the posterior bender of tlio distal end of the 
radius ; its fibres are directed obliquely downw ards and medialwards, and are 
fixed; below, to the dorsal surfaces of the navicular, lunate, and triquetral 
honeSy being continuous with those of the dorsal inlercarpal ligaments. It is 
id relation, behind, with the Extensor tendons of the fingers ; in front, it is 
blendedf^^witib the articular disc of the distal radio-ulnar articulation. 

Th^^lnar collateral ligament (internal lateral ligament) (fig. 481) is 
attaclm nboye to end of the styloid pixxiess of the ulna, and divided below 
inta ttvo fawiBnli,, one of, which is attached to the medial side cJ the triquetral 
b<^, tho other to the pi^orm bono. 
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The radial collateral ligament (external lateral ligament) (fig. 481) 
extends from the tip of the styloid process of the radius to the radial side of the 
navicular bone, some of its fibres being prolonged to the greater multangular 
bone. It is in relation with the radial artery, -which separates the ligament 
from the tendons of the Abductor pollicis longus and Extensor pollicis brevis. 

The arteries supplyiiiiz the joint arc the volar interosseous, the volar and dorsal 
carpal br^wnches of tlu* radial and ulnar, the volar and d(»rsal metacarpals, and 
some rccutfeut branches from the deep volar arch. The nercts are derived from 
the ulnar and dorsal intoros«oous nerves. 

Movements.- "Th(‘ movements permitted in this joint are flexion, extension, 
abduction, adduction, and circumduction. They will be studied with those of the 
carpus, with which tliey are combined. 


Vrt. TNTERttAHPAL ARTICULATIONS 

These articulations may be subdividc'd into three sets : (1) those of the 
proximal row <»f carpal bones ; (2) those of the distal row of carpal bones ; 
and (3) those of the two rows with each other. 


1. Articulations oy the Proximal Row oy (’arpaI; Bones 

These are arthrodial joints. The navicular, lunate, and triquetral are 
connected by dorsal, Vi)lar, «aid inl<*rossooiis ligaments. 

The dorsal and Vw^ar ligaments, two of (^ach, are placed transversely 
between the bones of the first lo- ; they (‘onneet the navicular and lunate 
bones, and the lunate j ’ irifi'»*t»'al hones. Th(‘ \oiar ligaments are weaker 
than the dorsal. 

The interosseous ligaintrit 483) are two narrow bundles, one con- 
necting the lunate bone ^\ *' . ..l euLr bone, the other Joining the lunate 

bone to the triquetral ’ st \ on a level with the proximal surfaces 

of these bones, and tb' r pl a .c.‘ are smooth, and form part of the 
convex articular surfac'*. ^ : fhi radio(*arpal oint. 

The ligaments of tb pif i^oiin boju* an' an articular capsule, the pisohamate 
and the pisometacarp- 'igaments. 

The articular capbule is thin and connects, the ]>isiform to the triquetral. 
Its s^movial stratum is distinct from that of the other carpal joints. 

The pisohamate ligament connects thci pisiform bone to the hamate bone, 
and the pisometacarpal ligament joins the i)isiff>rui bom^ to the base of the 
fifth metacarpal bone (fig. 4Sl). These two ligame nts are, in reality, prolonga- 
tions of tendon of the Eh'xor carpi iilnaris. 


2. Articulations op the Distal Row of Carpal Bones 

These also are arthrodial joints ; the l»ones are connected by dorsal, volar, 
and interosseous ligaments. 

The dorsal aiul volar ligaments, each three in number, extend transveiiscly 
from on('. bone to another ; onc' connects the greater and lesser multangular 
bones, a second the lesser multangular and capitate bone.s, and a third the 
capitate and hamate bones. 

The three interosseous ligaments are much thicker than those of the 
proximal row ; one unitc's th(^ capitate and hamate bones, a second the capitate 
and lessor multangular bones, and a third the greater and lesser multangular 
bones. The first is the strongest ; the llurd is sometimes wanting. 


3. Artioolations of the Two Rows of Carpal Bones with 

EACH OTHER 

Tho joint beWeen the navicular, lunate, and triquetral bones on the one 
hand, and the second row of carpal bones on the other, is named the mid-carpal 
joint, and is made up of three portions : in the centre the head of the capitate 
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bone and the superior surface of the hamate bone articulate with the deep 
cup-shaped cavity formed by the navicular and lunate bones, and constitute 
a sort of ball-and-socket joint ; on the radial side the greater and lesser multr 
angular boners articulate with the navicular bone, and on the ulnar side the 
hamate bone articulates with the triquetral bone, forming gliding joints. 

The ligaments are ; dorsal, volar, ulnar, and radial collateral. 

The dorsal and volar ligaments consist of short, irregular bundle's passing 
between the bones of the first and second rows. On the volar surface the fibres 
radiating from the head of the capitate bone to the surrounding bones form the 
ligamerUurn carpi rndiaium. 


Fio. 483. — Vertical section through the articulations at the wrist, showing 

the SYUovial cavilios. 



The collateral ligaments are vt‘ry short : one is placed on tlie. radial, the 
other on the ulnar side of the carpus: the former, the stronger and more 
distinct, connects the navicular and greater multangular bones, the latter the 
.triquetral and hamate bones ; tliey are eontjjiuous with the eollateral ligaments 
of the wrist-joint. In addition to tlu so ligaments, a slender ijiterosseous band 
sometimes connects the capitate and navicular bones. 

The synovial stratum of the carpus is very I'xlonsivc (lig. 483), and 
bounds a cavity of very irregular shape. The proximal part of the cavity 
intervenes between the under surfaeeft (>f the navicular, lunate, and triquetral 
bontJs and the upper surfaces of the bones of the second row. It sends two 
prolongations upwards— between the navicular and lunate bones, and 
between the lunate and triquetral bones — and three downwards between the 
four bones of the second row. The prolongation botwecii the greater and 
lesser multangular bones, or that between the lessor multangular and capitate 
bones, is, owing to the absences of the interosseous ligament, often continuous 
with the cavity of the carpometacarpal joints, sninetiines of the second, third, 
fourth, and fifth metacarpal bones, sometimes of the second and third only. 
In the latter condition the joint between the hamate bone and the fourth and 
fifth metacarpal bones has a separate synovial stratum. The synovial cavities 
of those joints are prolonged for a short distance between the bases of the 
metacarpabbones. There is a separate synovial stratum betwf^en the pisiform 
and triquetral bones. 
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Hovemeiits.--The articulatioD of the hand and forearm considered as a whole 
involves four artionlar surfaces : (a) the inferior surfaces of the radius and articular 
disc ; (6) the superior surfaces of the navicular, lunate, and triquetral bones, the 
pisiform bone having no essential part in the movement of the hand ; (c) the S-shaped 
surface formed by the inferior surfaces of the navicular, lunate, and triquetral bones ; 
(d) the reciprocal surface formed by the upper surfaces of the bones of the second 
row, . .Jfhese four surfaces form two joints : (1) a proximal, the radiocarpal ; and 
(2) a di^l, the mid-carpal joint. 

(1) The radiocarpal joint is a true condyloid articulation, and therefore all 
movements but rotafiori arc ])eniiitted. Flexion and extension are the most free, 
and of tliose a greater amount of extension than of flexion is permitted, since the 
articulating surfaces extend farther on the dorsal than on the volar surfaces of the 
carpal bones. In tJiis iiw»veinent the carpal bones rotate on a transverse axis drawn 
between the tips of tlie styloid processes of the radius and ulna. Adduction or 
ulnar flexion, and abduction or radial flexion are al^o permitted. The former is 
considerably greater in extent than the latter on account of the shortness of the 
style »id process of the ulna, abduction boijig soon limited by the contact of the styloid 
process of the radius with the greater multangular bone. In this movement the 
carpus revolves upon an anteroposterior axis dra^ui tlirough the cent)*e of the wrist.* 
Finally, circumduction is permitted by tlie combined and consecutive movements 
of adduction, extension, anduction, and flexion. No rotation is ]x>ssible, but the 
effect of rotation is obtained by tlio pronatioii and supination of the radius on the* 
ulna. The moveinent ol firj'ion is pt^rformed by the Flexor carpi radialis, the Flexor 
carpi ulnaris, and the Pahnaris longiis ; extensiort. by the Extensores carpi radiales 
longus and brevis and the Extensor carpi ulnaris : adduction (ulnar flexion) by tlie 
Flexor car}>i ulnaris and the Extensor carpi nlnaris ; and abduction (radial flexion) 
by tlie Abductor pollicLs loiigus. the Extensors of the thumb, and the Extensores 
carpi radiales longus and brevis and the Flexor caipi radialis. When the iingem 
are extended, flexion of the wrist is performed by the .Flexores carpi radialis and 
ulnaris and extension by tluj Extensor digiturum communis. When tlie Angers 
are flexed, flexion of tln^ wrist is performed by the Flexores digitorum sublimis 
and profujidis, and (‘xtension ]>y the Extensores carpi radiales and ulnaris. 

(2) The chief mov ments permitted in (he mid-carpal joint are flexion and 
exteusion and a slight amount of rotation. In flexion and extemsion, which arc the 
movemeJits most fr(*ely ojijoyed, the greater and lesser multangular bones on the 
radial side and the liamate hone on the, ulnar side glide forwards and backwards on 
the navicular and triquetral bojies respectively, while the liead of the capitate bone 
and the superior surface! of the liaruate bone rotate in the cup-shaped cavity of the 
navicular and lunate bones. Flexion at this joint is freer than extension. A very 
trifling amount of rotation is also permitted, the head of the capitate bone rotating 
round a vertical axis drawn through its own centre, while at the same time. a slight 
gliding movement takes ]jlacc in tlie lateral and medial portions of the joint. 

Applied Anatoynij . — The mdioearpal joint is rarely dislocated, its strength depending 
mainly upon the nuini rou^ strong tendons which sunxiund tlio nrtioidation. Its security 
is further provid^nl for hy the number of small bones of ^vll^cll tlio carpus is made up, and 
wliich ar<3 united by \'er\’ strong liganK'nt*^. The .slight movements wliich take place 
betwe<}n the several bones servf io break the jars that result from falls or blows on the 
liaud. dislocation bac'k wards, which is the nion; common, simulates to a considerable 
extent Collos’s fracture of the nulius, and is liable to be rnistakon fcir it. The* differential 
diagnosis can be easily made by observing the relative positions of the styloid processes of, 
the radius and the ulna. In tlie natural condition wlieii the arm hangs by the side, the 
styloid process of the radius is on a lower level, i.o. nearer the ground, than that of 
tlie ulna, and this relationship is not disturbed in dislocation. In Colles’s fracture, 
the styloid i^rocess of tli(3 radius is oii the same level as, or oven on a higher level than, 
that of the ulna. 

The radiocarpal j(dnt is occasionally the seat of acute synovitis. When the joint 
cavity is distended witli fluid, the .swelling is greato.st on the dorsal aspect of the wriiBt* 
showing a general fulnt^ss, with some bulging between tlie tendons. The inflaramatfoa i$ 
prone to extend to tho intercarpal joint.** and to attack also the sheaths of the tet^dons i;ci 
the neighbourhood. Chronic inflammation of tho wrist is generally tubereulc^is/and 
often leads to similar disease in the mucous sheaths of adjacent tendons and the inter- 
carpal joints, with resulting ankylosis. / „ , ' ‘ 

H. M. Johnston {Journal of Anatomy and PhyHologyt voL xli.) that in alri^ imd ; 

radial Hexion only slight lateral movement occurs at the ffidfocarpal and ithat in cnnml^ 
flexion and extension of the hand there is a smafl degree of ulnar, flexion.at the rawcarpal . 
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VIII. CARPOMETACARPAL ARTICULATIONS 

L Carpombtacakpal Articulation of the Thumb 

This is a joint of reciprocal reception between the first metacarpal and 
, greater multangular bones ; it enjoys great freedom of movement on aci'ount 
of the configuration of its articular surfaces, which are saddle-shaped. The 
joint is surrounded by an articular capsule which is thick but loose, and 
passes from the circumference of the base of the metacarpal bone to the rough 
edge bounding the articular surface of the greater multangular bone ; it is 
thickest laterally and dorsally. A synovial stratum lines the capsule and is 
quite distinet from that of the other carpometacarpal joints. 

Movements.— In this articulation the movements permitted are flexion and 
extension in the plane of the palm of the hand, abduction and adduction in a plane 
at right angles to the palm, circumduction, and opposition. It is by the movement 
of opposition that the tip of the thumb is brought into contact with the volar sui’faccs 
of the slightly flexed fingtirs. This movement is effected through the medium of 
a small sloping facet on the anterior lip of the saddle-shaped articular surface of 
the greater multangular bone. The flexor muscles pull the corresponding part 
of the articxilar surface of the metacarpal bone on to this facet, and the movsiiKMit of 
oj){K>sition is then carried out by the adductor muscles. 

Flexion of this joint is produced by the Flexores ^)ollicis longus and brevis, 
assisted by the Opponoiis polliois and the Addu(itor pollicis. Extension is eflectcjd 
mainly by the Abductor pollicis longus, assisted by the Extensoix's pollicis lougus 
4ind brevis. Adduction is curried out by the Adductor pollicis ; abduction mainly 
by tlie Abductorcs |>ollicis longus and brevis, assisted by the (»xt(‘n.sor muscles. 


2. Articulations of the Second, Third, and Fourth ^Metacarpal 
Bones with the (Urpus 

The joints b()tweon the carpus and the second, third, fourth, and fifth meta- 
carpal bones are arthrodial. The bones are united by articular capsuh^s, 
strengthened by dorsal, volar, and interosseous ligaments. 

The dorsal ligaments, the strongest and most distinct, connect the carpal 
and metacarpal bones on their dorsal surfaces. Hie second metacarpal bone 
receives two fasciculi, one each from the greater and lesser multangular bones ; 
the third metacarpal receives two, one each from the lesser multangular and 
capitate bones ; the fourth two, one each from the capitate and hamate bones : 
the fifth receives a single fasciculus from the hamate bone, and this is continuous 
with a similar ligament on the volar surface, forming an incomplete fibrous 
capsule. 

The volar ligaments have a somewhat similar arrangement, with the 
-exception of those of the third metacarpal, which are three in number : a lateral 
one from the greater multangular bone, situated superficially to the sheath f)f the 
tendon of the Flexor carpi radiaJis ; an interrai^iato one from the capitate 
bone ; and a medial one from the hamate bone. 

The interosseous ligaments consist of short, thick fibres, and arc limited 
to one part of the carpometacarpal articulation ; they connect the contiguous 
inferior angles of the capitate and hamate bones with the adjacent surfaces of 
the third and fourth metacarpal bones. 

The synovial stratum of the articular capsules is a continuation of that of 
the intercarpal joints. Occasionally, the joint betw^een the hamate bone and 
the fourth and Mth metacarpal bones has a separate synovial stratum. 

Movements. — The movements permitted in the c?4irpometacarpal articulations 
of the fingers are limited to slight gliding of the articular surfaces iqx)n each other, 
the extent of which varies in the different joints. The metacarpal bone of the little 
finger is the most movable, then that of the ring-finger ; the metacarpal bones of the 
indeJT and middle fingers ar^ almost immovable. 
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TX. INTERMETACABPAL ARTICULATIONS 

The bases of the second^ third, fourth, and fifth metaoarpal bones articulate 
with one another by small surfaces covered with cartilage, and are connected 
together by dorsal, volar, and interosseous ligaments. 

The d^S^l and volar ligaments pass transversdy from one bone to 
another on the dorsal and volar surfaces. The interosseous ligaments con- 
nect their contiguous surfaces, just distal to their collateral articular facets. 

The synovial stratum of these joints is continuous with that of the carpo- 
metac^arpal articulations. 

The transverse metacarpal ligament (fig. 482) is a narrow fibrous band, 
which runs across the volar surfaces of the heads of the second, third, fourth, 
and fifth metacarpal bones, connecting them together. It is blended with the 
accessory volar ligaments (glenoid ligaments) of the metacarpophalangeal 
articulations. Its volar surface is grooved where the flexor tendons pass over 
it ; behind the ligament the tendons of the Interossei pass to their insertions. 


X. METACARPOPHALANGEAL ARTICULATIONS (figs. 484, 485) 

These articulations are of the condyloid kind, formed by the reception of 
the rounded heads of the metacarpal bones into shallow cavities on the proximal 

Fig . 484. — Metacarpophalangea 1 

articulation and articulation^ Fig. 485. — Metacarpophalangeal articulatiou 

of digit. Volar aspect. and articnlations of digit. Ultnu* aspect. 
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ends of the first pbalahges, with the exeeption of . that of the thtthib, which 
presents more of the charaoters of a ginglymbid joint. . “BMh:' joih'fe fa(^i. ipi' 
accessory volar and two coUateral hgameph;. . \ 
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ARTICULATIONS OF THE LOWER EXTREMITY 

The accessory volar ligaments (glenoid ligaments of Cruveilhier) are 
thick, dense, fibrocartilaginous structures, placed upon the volar surfaces of 
the joints in the intervals between the collateral ligaments, to which they 
are connected ; they are loosely united to the metacarpal bones, but are very 
fomly attached to the bases of the first phalanges. Their volar srurfaces are 
intimately blended with the transverse metaearpal ligament, and grooved for 
the flexor tendons, the sheaths surrounding which are connected to the sides 
of the grooves. Their deep surfaces form parts of the articular facets for the 
heads of the metacarpal bones. 

The collateral ligaments arc strong, rounded cords, placed on the sides 
of the joints ; each is attached by one extremity to the posterior tubercle and 
adjacent depression on the side of the head of the metacarpal bone, and by 
the other to the contiguous extremity of the phalanx. 

The dorsal surfaces of these joints are covered by the expansions of the 
extensor tendons, together with some loose areolar tissue which connects 
the deep surfaces of the tendons to the bones. 

Movements.— The movements which occur in these joints are flexion, extension, 
adduction, abduction, and circumduction ; the movements of abduction and 
adduction are very limited, and cannot be performed when the fingers arc flexed. 


XI. DIGITAL ARTICUT.ATIONS 

The intcrphalangeal articulations are hinge-joints ; each has a volai* and 
two collateral ligaments. The arrangement of these ligaments is similar to 
those in the metacarpophalangeal articulations. The extensor tendons supply 
the places of posterior ligaments. 

Movements. — The only movcmients permitted in the intcrphalangeal joints are 
flexion and extension ; these movements are more extensive between the first and 
second phalanges than between the second and third. The amount of flexion is 
very considerable, but extension is limited by the volar and collateral ligaments. 


Muscles Acting on the Joints of tjie Digits 

Flexion of the metacarpophalangeal joints of the fingers is effected by the 
Flexores digitorum sublimis and profundus, Lumbricalos, and Intcrossei, aswsisted 
in the case of the little finger by the Flexor digiti quinti brevis. Extension is 
produced by the Extensor digitorum communis, Exteii.sor indicis propriiis, ami 
Extensor digiti quinti proprius. 

Flexion of the intcrphalangeal joints of the fingers is accojnplished by the Flexoi' 
digitorum profundus acting on the proximal and (iistal joints and by tin' Floxoj' 
digitorum sublimis acting on the proximal joints. Extension is effected mainly 
by the. Lunibricales and Interossei, the long extensors having little or no action 
upon these joints. 

Flexion of the metacarpophalangeal joint of the tfiumb is effected by the 
Flexores pollicis longus and brevis ; extension by the Ext.ensor(\s pollicis longas 
and brevis. Flexion of the intcrphalangeal joint is accomplished by the Flexor 
pollicis longus, and extension by the Extensor pollicis longas. 


ARTICULA1TONS OF THE LOWER EXTREMITY 


The articulations of the lower extremity comprise tlic following : 


I. Sacro-iiiac. 

II. Pubic symphysis. 

in. Hip. 

IV. Knee. 

V, Tibiofibular. 


VI. Ankle. 

VII. Intertarsal. 

VIII. Tarsometatarsal. 

IX, Intermetatarsal. 

X. Metatarsoi)halangeal. 


XI. Digital. 
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I. SACRO ILIAC ARTICULATION 

The sacro-iliac articulation is an amphiarthrodial joint, formed between the 
auricular surfaces of the sacrum and ilium. The articular surface of each bone 
is coverc^.„)vith a plate of cartilage which is thicker on the sacrum than on 
the ilium. These plates arc in close contact with each other, and to a certain 
extent are Tinited by irregular patches of softer librocartilage, and at their 
upp('r and posterior part by fine interosseous fibres. In a considerable portion 


4M(). Articulations of pelvis. Antprosiipcrior vi«nv. 



of their extent, especially in advanced life, they are separated bj' a space 
containing a synovia-like fluid, and hence part of the joint presents the 
characteristics of a diarthrosis. The ligaments of the joint are : 

Anterior sacro-iliac. Posterior sacro-iliac. 

Interosseous sacro-iliac. 

The anterior sacro-iliac ligament (fig. 486) consists of numerous thin 
bands, which connect the anterior surface of the lateral part of the sacrum to the 
margin of the auricular surface of the ilium and to the pre-auricular sulcus. 

The posterior sacro-iliac ligament (fig. 487) is situated in a deep depres- 
sion between the sacrum and ilium behind ; it is strong and forms the chief 
bond of union between the bones. Its upper part, the shert posterior sacro4liao 
ligament, is nearly horizontal in direction, and passes from the first and second 
transverse tubercles on the back of the sacrum to the iliac tubdIOsity above and 
beliind the auriculai* surface. Its lower part, the long posterior sacro-iliac 
ligament, is oblique in direction ; it is attached above to the third transverse 
tubercle of the back of the sacrum, where it is blended with the upper and 
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m^ial part of the aacrotuberous ligament, below, to the posterior superior 
spine of the ilium. 

interosseous sacro-iliac ligament lies deep to the posterior sacro- 
iliac ligament, and consists of a scries of short, strong fibres connecting the 
iliac and sacral tuberosities. 

The ilium is conhected to the fifth lumbar vertebra by the iliolumbar liga- 
ment, and the sacrum to the ischium by the mcwhiherom and sacrospinous 
ligaments. 


l^Ki. 487.'— ArtiuiiL'itions of pelvis. Posterior view. 



The iliolumbar ligament (fig. 486) is attached above to the low<*r and front 
part of the transverse process of the fifth lumbar vertebra, and occasionally 
has iu) additional, weak attachnient to the transverse process of the fourth. 
It radiates as it passes lateralwards and is attached by two main bands to 
the pelvis. The lower band runs to the ala of the ilium and the base of the 
sacrum, blending with the anterior sacro-iliac ligament : l-lio upper is attached 
to the crest of the ilium immediately in front of the sacro-iliac articulation 
and IS continuous above with the lumbodorsal fascia. 

The sacrotuberous ligament (great sacrosciatic ligament) (fig. 487) is 
placed at the lower and posterior part of the pelvis. It is flat, and somewhat 
triaugular in form ; it is attached by its broad base to the posterior inferior spine 
of the fi^nm, to the thii’d, fourth, and fifth transverse tubercles of the sacrum, 
and to the low'cjr part of the lateral margin of that bone and the coc.cyx. Passing 
obliquely dowiiwards, forwards, and lateralwards, it becomes narrow and thick, 
but at its inserffoti into the inner margin of the tuberositj^ of the ischium it 
increases in breadth, and is prolonged forwards along the iimer margin of the 
ramus as tho falciform process, the free concave e<ige of which gives attachment 
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to the fascia of the Obturator internus. The lower border of the ligament is 
directly continuous with the tendon of origin of the long head of the Biceps 
femoris. 

The sacrospinous ligament (small sacrosciatic ligament) (fig. 48G) is thin, 
and triangular in form ; it is attached by its apex to the spine of the ischium, 
and, medHUy, by its broad base, to the lateral margins of the sacrum and 
coccyx, in front of the sacrotuberous ligament, with which its fibres are inter- 
mingled. It is in relation in front with the Coccygcus muscle, to w'hich it is 
closdy connected, and of which it may represent a degenerated part. 

These two Jigainents convert the sciatic notches into foramina. The grcaicr Hciatic 
foramen is boiuided, in front and above, by the greater sciatic notcli; behind, by the 
sacrotuberous ligament; find below, by the sacrospinous ligninent and the spine of the 
ischium. It is partially filled up, in the recent state, by the Piriformis muscle which 
emerges from the pdvis through it. Above this muscle, the superior glutrpal vessels and 
nerve pass out of tlie pelvis; and below it, the inferior glutreal vessels and nerve, the 
internal pudendal vessels and nerve, the sciatic and posterior femoral cutaneous nerves, 
and the nerves to the Obturator internus and Quadratus femoris make their exit from 
the pelvis. 'J’hc lesser aciaiic foramen is bounded, in front, b}^ the superior ramus of 
the ischium; above, by the spine of the ischium and sacrospinous ligament: behind, 
by the sacrotuberous ligament. It transmits the tendon of the Obturator interims, its 
nerve, and the internal pudendal vessels and nerve. 


Jl. PUBIC SYMPHYSIS 

Tlic ligaments tho pubic symphysis are : 

Sii]jorior [mbic. Arcuate pubic. 

Tnicrpubic fibrocartilaginous lamina. 

The superior pubic ligament connects together the two pubic bone.s 
superiorly, find extends as far as the pubic tubercles. 


pT(i. IRS.--’ ubic sujiph.vsjs (‘xposed by u coronal soction. 



The arcuate i)ubic ligament (inferior or snbpubic ligament) is a thick. • 
triangular arch of fibres, connecting the two pubio bones below, and forming the 
upper boundary of the pubic arch. Above, it is blended with tto intetpubio 
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fibrocartilaginous lamina ; laterally, it is attached to the inferior rami of the 
pubic bones ; below, it is free, and is separated from the fascia of the urogenital 
<fiaphragm by an opening through whieh, in the male, the deep dorsal vein 
of the penis enters the pelvis. 

The interpubic fibrocartilaginous lamina connects the opposed surfaces 
of the pubic bones. Each of these surfaces is covered by a thin layer of hyaline 
cartilage, firmly joined to the bone by a series of nipple-like processes wliich 
accurately fit into corresponding depressions on the osseous surfacc^s. These 
opposed cartilaginous surfaces are connected together by a lamina of tibro- 
cartilage which varies in thickness in different subjects. It often contains 
a cavity in its interior, probably formed by the softening and absorption of 
the fibrocartilage, since it rarely appears before the tenth year of life and is 
not lined by a synovial stratum. This cavity is usually limited to the upper 
and back part of the joint ; it occasionally reaches the front, and may extend 
the entire length of the cartilage. It may be easily demonstrated when present 
by making a coronal section of the symphysis pubis near its posterior surface 
(fig. 488). In front, the lamina is stren^hened by several superimposed layers 
of fibres, whicb pass obliquely from one bone to the other, decussating and 
forming an interlacement with the fibres of the aponeuroses of the Obliqui 
externi and the medial tendons of origin of the Recti abdominis. 


Mechanism oe the Pelvis 

The pelvic girdle supports and protects the contained viscera and affords surfaces 
for the attachments of the muscles of the trunk and lowc'i* limb. Its most 
important mechanical function, however, is to transmit th(' weight of the trunk 
and upper limbs to the lower extremities. 

It may be divided into two arches by a vortical plane passing thi ough the aceta- 
bular cavities ; the posterior of these arches is the one chiefly concerned in the 
function of transmitting the weight. Its essential parts are the upper three sacral 
vertebra.* and two sti'ong pillars of bone running from the sacro-iliac articulations 


Fia. 489. — Coronal section of anterior sar-ral segment. 



to the acetabular cavities. For the reception and diliuvsioii of the weight each 
acetabular cavity is strengthened by two additional bars running towards the os 
pubis and the ischium. In order to lessen concussion in rapid changes of distribu- 
tion of the weight, joints (sacro-iliac articulations) are interposed between the 
sacrum and the iliac bones ; an accessory joint (symphysis pubis) exLsts ui the 
middle of the anterior arch. The sacyum forms the su^it of the posterior arch ; 
the weight transmitted falls on it at the lumbosacral articulation and, theoretically, 
has a component in each of two directions. One component of the force is expended 
in driving the sacrum downwards and backwards between the iliac bones, while 
the other thrusts the -upper end of the sacrum downwards and forwards towards 
the pelvic cavity. 
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Tiic movements of the sacrum are regulated by its form. Viewed as a whole, 
it presents the shape of a wedge with its base upwards and forwards. The first 
component of the force is therefore acting against the resistance of the wedge, and 
its tendency to separati*. the iliac bones is resisted by the sacro-iliac and iliolumbar 
ligamonts .jnd by the ligaments of the symphysis pubis. 

If a sen^ of coronal sections of the sacro>iliac joints be made, if will be found 
possible to divide the, articular portion of the sacrum into three segments : anterior, 
middle, and posterior. In the anlerior segment (fig. 489), which involves the first 
sacral vertebra, the articular surfaces show slight sinuosities and are almost parallel 


Iio. 41K). — Coronal section of middle sacral segment. 



U) onv. anotJier : t he distance between their dorsal margins is, lioucvtM', slightly 
greater than that between tli(*ir ventral margins. This segment theieioro presents 
a slightly wedge-shape with tlie truncated apex downwards. The middh segment 
(fig. 490) is ii najTow ban ' across the centres of the articulations. Its dorsal wddth 
is distinctly gieator than its ventral, so that the segment is rnort* dc'tinilely wedge- 
aha|)od, the truncated apex being again directed downwards. Ea(:h sacral articular 
surface presents in I fie centres a inxirked concavity from abov'e downwards, and into 
this a corresponding convexity of the iliac articular surface fits, forming an intef- 
locJdng mechanism, fn the posterim segment (fig. 491) the ventral width is greater 
than the dorsal, so that the wedge-form is the reverse of those of the other segments. 

- "i.e. the truncated apex is 
directed upwards. The articular 
surfaces are only slightly concave. 

Dislocation downwards and 
forwards of the sacrum by fhe 
second comjwnent. of the force 
applied to it is prevented there- 
fore by the middle segment, which 
iutei-j^osps the resistance of its 
wedge shape and that of the 
interlocking mechanism on its 
surfaces ; a rotatory movement, 
however, is produced by which 
the anterior segment is tilted 
- . r 1 . downwards and the posterior 

upwards ; the axis of this rotation passes through the dorsal part- of the middle 
segment. Uw movement of the anterior segment Ls slightly limited by its wedge- 
form, but chiefly by the posterior and interosseous saero-iliac ligaments ; that of 
the T^stenor segment is checked to a slight extent by its wedge-form, but the chief 
limiting faclors are the sacrotuberous and sacrospinous ligaments. In all these 
movements the effect of the sacro-iliac and iliolumbar ligaments and the ligaments 
of the symphysis pubis in resisting the separation of the iliac bones must be 
recogiused. 

During pregnancy the pelvic joints and ligaments are relaxed, and capable 
tnerelore of more extensive movements. When the foetus is being expelled the 
lorce IS applied to the front of the sacrum. Upward dislocation is prevented by 


Fni. 401. -Coroiiul iocticjn <»t |>(»' C)r s.-u-ral 
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the interlocking mechanism of the middle segment. As the foetal head passe.s 
the anterior segment the latter is canied upwards, enlarging the anteroposterior 
diameter of the pelvic inlet ; when the head reaches the posterior segment this also 
is pressed upwards against the resistance of its wedge, the movement only being 
possible by the laxity of the joints ami the stretching of the si)crotul)erous and 
sacrospinous ligaments. 


m. COXAL ARTICULATION OR HIP JOINT 

The hip-jomt is an enarthrodial, or ball-and-sockct articulation, formed 
by the reception of the head of the femur into the cup-, shaped cavitv of the 
acetabulum. The articular cartilage on the h('a(l of the femur, tliicker at 
the centre than at the circumference, covers the entire .surface with the exception 


I’m. 402. — Articular fai)solc of liip-joint (clislcndoil;. IWr-rior ct. 
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of tlio fovea capitis feinoris, to whieli the ligamoiiluiii teres is attached ; that 
oil the acetabulum forms an incomplete ring, the lunate surface.. \ Within the 
lunate surface there is a circular (lepression devoid of cartilage, ^ occupied in 
the recent state by a mass of fat covered by the synovial stratum of the articular 
capsule. The ligaments of the joint are : 

The articular capsule. Piibocapsular. 

Iliofemoral. IJgarnentuini^eres femoris, 

Ischiocapsular. The glenoidal labrum. 

Transverse acetabular. 

The articular capsule (fig. 492) is strong and dense. Above, it is attached 
to the margin of the acetabulum, 5 or 6 mm. beyond the gienoidal labrum 
behind ; in front, it is attached to the outer margin of the labrum, and, opposite 
the acetabular notch, it is connected to the transverse acetabular ligament 
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and the edge of the obturator foramen. It surronndB the neck of the femur, 
attached, m front, to the intertrochanteric line ; above, to the base 
of the neck ; behind, to the neck, about 1‘26 cm. above the intertroohanterio 
crot ; ^ b^ow, to the lower part of the neck close to the lesser trochanter. 
From its femoral attachment some of the fibres are reflected upwards along the 
i^k as ,f'ngitudinal bands, term^ retinaeuJa, The capsule is much thicker at 
the upper and fore part of the joint, where the greatest amount of resistance is 
i^uired ; behind and below, it is thin and loose. It consists of two sets of 
fibres, circxdar and longitudinal. The circular fibres {zona orbicularis) are most 
abundant at the lower and back part of the capsule (fig. 492), ^and form a sUng 


l*ie. ■19.3. Ibglit hip-joint from the front. 



or collar around the ucc-k of the femur. Anteriorly, they blend with the deep 
surface of the iliofemoral ligament, and gain an attachment to the anterior 
inferior iliac spine. The longitudinal fibres are greatest in amount at the 
upper and front part of the capsule, where they are reinforced by the iliofemoral * 
ligament. The articular capsule is also strengthened by the pobocamtdar and 
the iscJiiocapsular ligametUs. The external surface of the capsule is rough 
covered by numerous muscles, and separated in front from the Psoas maior 
and Ihacus by a bursa, which not infrequently communicates by a circular 
aperture with the oaxdty of the joint. ^ 

The STOOvial stratum is very extensive. Commencing at the margin of 
the cartilaginous surface of the head of the femur, it covers the portion of 
the neck which is contained within the joint ;• from the neck it is reflected 
on the internal surface of the fibrous stratum of the capsule, covers both surfaces 
of the glenmdal Inbrum, ensheathes the ligamentum teres as far as the head 
of the femur, and covers the mass of fat contained in the bottom of the aceta- 
bulum. The joint cavity sometimes communicates, through a hole in tiie 
capsule between the vertical band of the iliofemoral ligament and the pubo- 
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capsular ligament, with a bursa situated on the deep surfaces of the Psoas 
major and Iliacus. 

The iliofenioral ligament (fig. 493), triangular in shape and of gi'cat 
strength, lies in front of the joint and is intimately connected with the 
capsule. • Its apex is attached to the lower part of the anterior inferior iliac 
spine, its base to the intertrochanteric line of the femur. The medial and 
lateral parts of the ligament are strong bands, while the central part is relatively 
thin and weak ; the medial band is vertical in direction and is fixed to the 
lower part of the intertrochanteric line ; the lateral band is oblique and is 
attached to the upper part of the same line. The iliofemoral ligament is 
frequently called the Y-shaped ligament of Bigelow, and its lateral band 
the iliotrochanteric ligament. 


Fig. 494. — Kiglit bip-joiiit fvfiin Ix'hiiif]. 



The pubocapsular ligament (fig. 493) is triangular in form with its at 
the hip-bone, whore it is attached to the iliopectiueal eminence', the superior 
ramus of the os pubis, the obturator crest and obturator membrane ; below, it 
blends with the capsule and with the deep surface ef the medial band of the 
iliofemoral ligament. 

Thp ischiocapsular ligament (fig. 494) has a somewhat sjiiral disposition 
on the back of the joint. Prom its attachment to the ischium below and 
behind the acetabulum, it is directed upwards and lateralwards over the back 
of the nock of the femur. Some of its fibres are Cf>ixtinuous with those of the 
zona orbicularis, others arc implanted on to the greater trochanter. 

The ligamentum teres femoris (fig. 495) is a triangular, somewhat flattened 
band implanted by its apex on the anterosuperior pai*t of the fovea capitis 
femoris ; its base is attached by two bands, one into either side of the acetabular 
notch, and between these bony attachments it blends with tht^ transverse 
ligament. It is ensheathed by the synovial stratum, and varij,*s greatly in 
strength in different subjects ; occasionally only the synovial stratum exists, 
and in rare cases even, this is absent. The ligament is made, tense when the 
thigh is semiflexed and the limb then adducted or rotated outwards ; it is 
relaxed when the limb is abducted. 
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The glenoidal labrum (cotyloid ligament) is a fibrocai’tilaginous rim 
attached to the margin of the acetabulum, the cavity of which it deepens ; at 
thc^ same time it protects the edge of the bone, and fills up the inequalities 
of its surface. It bridges over the notch as the transverse acetabular ligamenty 
and thus Jprms a complete circle, which closely sun*ounds the head of the 
femur and* assists in holding it in its place. It is triangular on section, its 
base being attached to the margin of the acetabulum, while its opposite edge 
is free and sharp. Its surfaces are invested by the synovial strfitum ; the 
internal surfaces is inclined inwards so as to nan’ow the acetabulum, and embrace 
the cartilaginous surface of the head of the femur. It is much thicker abov(* 
and behind than below and in front. 


Pic. I'.).*). opciiotl L\v renio\ing llh- flrxn- of tlu' ncrtahHluir. 

froiri within ])olvls. 



The transverse acetabular ligament is in reality^ a portion of the 
glenoidal labrum, though differing from it in having no cartilage-cells among 
its fibres. It consists of strong, flattened fibres, which cross the acetabular 
notch, and convert it into a foramen through which the nutrient vessels enter 
the joint. 

Tlie muscles in rclaticm with the joint are, in front, the Tsoas major and Iliacus, 
separated from the capsule by a bursa ; above, the reflected head of the Rectus 
femoris and the insertion of G^lutseus minimus, the latter being closely adherent to 
the capsule ; jnedially, the Obturator extemus ami Pectineus ; behind the Piri- 
formis, Gemellus superior, tendon of Obturator internus, Gemellus inferior, tendon 
of Obturator externus, and Quadratus femoris (fig. 496). 

The arteries supplying the joint are derived from the obturator, medial femoral 
circumflex, and superior and inferior gluteal arteries. 

The nerces are articular branches from the sacral plexus, sciatic, obturator, 
accessory obturator, and a filament from the branch of the femoral supplying the 
Rectus femoris. 
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Movements. -The movements of the hip-joint are very extensive, and consist 
of flexion, extension, adduction, abduction, circumduction, and rotation. 

The len^h of the neck of the femur and its inclination to tlie body of the bone 
Lave the effect of converting the angular movements of flexion, extension, adduc- 
tion, and abduction partially into rotatory movements in the joint. Thus when 
the thigh is flexed or extended, th(i head of the femur, on account of the medial 
inclination of the neck, rotates within the acetabulum with only a slight amount of 
gliding to and fro. The /omarti slope of the neck similarly affects the movements 
of adduction and abduction. Conversely rotation of the thigh, which is permitted 
by the upward inclination of the neck, is not a simple rotation of the head of the 
femur in the acetabulum, but is accompanied by a certain amount of gliding. 

I’ui. -41)0. — Stfui'tiin's oiirnjmnliij;' ‘i^^ht lup-jr)int. 
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Ohiurator intt rna.^ 


The hip-joint presents a very striking contrast to the shouldor-joiut in I he mucli 
im.>re complete mechanical arrangements for its security and for the limitation of its 
movements. In the shoulder, as has been seen, the h(‘ud of I Ik* humerus is not 
adapted at all in size to the glenoid cavity, and is hardly restrained in any of its 
ordinary movements by the capsule. In the hip- joint, on the contrary, the head of 
the femur is closely fitted to the acetabulum for an area extending o\*er nearly 
half a sphere, and at the margin of the bony cup it is still inc»re (:h»soly embrac(‘d by 
the glenoidal labrum, so that the head of the femur is held in its place by Uiat liga- 
ment even when the fibres of the capsule have been quite divided. Tin*, iliofemoral 
ligament is the strongest of all the ligaments in the body, and is ])ut on the stretcli 
by any attempt to extend the femur lieyond a straight line with the trunk. That is 
to say, this ligament is the chief agent in maintaining the erect position without 
muscular fatigue ; for a vertical line passing through th(^ centre of gravity of the 
trunk falls beldnd the centres of rotation in the hip-joints, and therefore the pehis 
tends to fall backwards, but is prevented by the tension of the iliofemoral ligaments. 
The security of the joint may be provided for also by the two bones being directly 
united through the ligamentum teres ; but it is doubtful whether this ligament 
has much influence upon the mechanism of the joint. When the knee is flexed, 
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flexion of the hip-joint is arrested by the soft parts of the thigh and abdomen being 
brought into contact, and when the knee is extended, by the action of the hamstring 
muscles ; extension is checked by the tension of the iliofemoral ligament ; adduc- 
tion by the thighs coming into contact ; adduction with flexion by the lateral band 
of the iligfemoral ligament and tlie lateral part of the capsule ; abduction by the 
medial bantf^bf the iliofemoral ligament and the pubocapsular ligament ; rotation 
outwards by the lateral band of the iliofemoral ligament ; and rotation inwards 
by tlie ischio(*apsular ligament and the hinder part of the capsule. The muscles 
which flex the femur on the ]>elvis are the Psoas major, Iliacus, Rectus femoris, 
Sartorius, Pectineiis, Adductores longus and brevis, and the anterior fibres of the 
Glutcei medius and minimus. Extemion is mainly performed by the Glutrous 
maxiiniis, assisted by the hamstring muscles and the ischial head of the Adductor 
magnus. The thigh is adducted by the Adductores mogniis, longus, and brevis, the 
Pectineus, the Gracilis, and lower part of the Glutjeus maximus, and abducted by 
the Glutici incdins ajid minimus, and the upper part of the Glutseus maximus The 
muscles which rotate the thigh inwards are the Glutseus minimus and the anterior 
fibres of the Glutseus me.dius, the Tensor fascise latse and the Iliacus and Psoas 
major ; while those which rotate it outwards are the posterior fibres of the Glutssus 
medius, the Piriformis, Obturatores extemus and intemus, Gcmelli supuior and 
inferior, Quadratas femoris, Glutajus maximus. the Adductores longus, brevis, and 
magnus, the Pectineus, and the Sartorius. 

Applied Anatomy, — In dislocation of iho hip, ‘ the head of the thigh-bone ma\ rest 
at any point around its socket * (Bryant); but whatever position it ultiinatoly assumes, 
the primary displacemeuit is generally downwards and niedialwards, the capsule giving 
^\tiy at its weakest — t])at is, its lower and medial — part. The situation subsequently 
assumed by the bead of the bone is determined by the degree of flexion or extension, and 
of outward or inward rotation of the thigh at the moment of dislocation, influenced, no- 
doubt, by the iliofemoral ligament, which is not easily ruptured. When, for instance, 
the bead of the bone is forced backwards, this ligament forms a fixed axis, round which 
the head of the bone rotates, and is driven on to the dorsum of the ilium. The ilio- 
femoral ligament also infiur'-'ces the position of the thigh in the various dislocations; 
in the dislocations backwa»as it is tense, and produces inversion of the limb; in the 
dislocation on to the os pubis, it is relaxed, and therefore allows the external rotator 
muscles to evert ihe thigh; while in dislocation into the obturator foramen it is tense, 
and produces flexion. The muscles inserted into the upper i)ort of the femur, with the 
exception of the Obturator intemus, have very little direct influence, in determining the 
position of the head of the bone. Bigelow, however, has endcavoared to show that 
the Obturator internns is the principal agent in deciding whether, in the backward 
dislocations, the head of the bone shall be ultimately lodged on the dorsum of the iliuir:, 
or in or near the greater sciatic notch; in both dislocations the head pusses, in the fiirst 
instance, in the same direction. But, as Bigelow asserts, in the displacement on to the 
dorsum the head of the bone travels up behind the acetabulum, in front of the muscle; 
while in the dislocation into the greater sciatic notch the head passes behind the muscle* 
and is prevented from reaching the dorsum, in consequence of the tendon of the muscle 
arching over the neck of ihe hone, and it therefore remains in the neighbourhood of the 
notch. Bigelow distinguishes these tw’o fmtns of dislocation by describing them a& 
dislocations backwards, ‘ above and below ’ tlio Obturator intemus. 

The iliofemoral ligament is rarely torn in dislocatitms of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. It is made 
to act as the fulcrum tu a lover, of which the long arm is the body of the femur, and the 
short arm iho neck of the i)onG (fig. 497). 

The hip-joint is rarely the seat of acute synovitis from injury, on account of its deep 
position and its thick covering of soft parts. Acute inflammation may, and docs, fre- 
quently occur as the re.sult of bacterial infections, as in rheumatism, pyternia, etc. When, 
in these cases, effusion takes place, and the joint is distended with fluid, the swelling is 
not very easy to detect on account of the thickness of the capsule and the depth of the 
articulation. It is principally t<j be found on the front of the joint, just medial to the 
iliofemoral ligament; or behind, at the lower and bock part. In these t^A^o places the 
capsule is thinner than elsewhere. Disease of the hip-joint is much oftener of a chronic 
character, and is usually of tuberculous origin. It begins usually in the bone, and, in 
most cases, in the growing, highly vascular tissue in the neighbourhood of the epiphysial 
cartilage of the femoral head. In this respect it differs very materially from tuberouloua 
arthritis of the knee, whore the disease usually commences in the synovial stratum. 

In chronic hip-disease ihe affected limb assumes an altered position, the cause of 
which it is important to understand. In the early stage of a typical case, the limb is 
flexed, abducted, and rotated outwards. In this position all the ligaments of the joint 
arc relaxed : the front of the capsule by flexion ; the lateral band of the iliofemoral liga^ 
ment by abduction ; and the medial band of this ligament and the back of the capsule 
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by rotation outward^. It is, therefore, the position of greatest ease. The condition is 
not quite obvious at first, upon examining a patient. If the patient be laid iu the supine 
position, the afiected limb will be foimd to bo extended aod parallel with the other. But 
it will be seen that the pelvis is tilted downwards on the diseased side and the limb 
apparently longer than ito fellow, and that the lumbar portion of the vertebral column 
is arched forwards (lordosis). The condition is thus explained : a limb which is flexed 
and abducted is obviously useless for progression, and in order to overcome the difficulty 
the patient depresses the affected side of his pelvis, thus producing parallelism of his 
limbs, and at the same time rotates his pelvis on its truusverso horizontal axi;i, so as to 
direct the limb downwards, instead of forwards. In the later stages of the disease the 
limb becomes flexed and adducted and inverted. This position probably depends upon 
muscular action, at all events as regards the adduction. The Adductor muscles are 
supplied by the obturator nerve, which also largely supplies the joint. These muscles are 
therefore thrown into reflex spasm by the irritation of the peripheral terminations of this 
nerve in the inflamed articulation. 

Osieo-arthritis is common in the hip-joint, and more so iu the male than in the 
female, in whom tho knee-joint is more frequently affected. It is a disease of middle ago 
or advanced life. When much deformity is 

associated with chronic osteo-arthritis the con- 497.— Hip-joint, showing 

dition is spoken of as arthritis deformans of the tlui iliofemoral ligamenL 

hip, or morbus coxce senilis. The head of the (After Bigelow.) 

femur is worn away, and after it often the neck 
too, until a new irregular articular surface is 
produced, around which a new formation of 
bone occui’s, and also about the edges of the 
acetabulum, which is widened and eroded by a 
similar chronic process. Pain in the joint, 
shortening of tho limb, and great limitation of 
iriovcment result, with much creaking and grat- 
ing when the joint is moved. 

Congenital dislocation is more commonly 
met with ill the liip-joint than in any other 
articulation. The displacement usually takes 
place on to the dorsum ilii. It gives rise to 
extreme lordosis, and a waddling gait is noticed 
as soon as tho child commences to walk. 

Excision of tho hip may be required for 
disease or for injury, especially gunshot. It 
may be performed either by an anterior or a 
posterior incision. The former entails less in- 
terference with important structures, especially 
muscles, than the latter, but permits of less 
i^fficient drainage. 'In the operation from tho 
front an incision is made 8 to 10 cm. in length, 
starting immediately below and lateral to the an- 
terior superior iliac spine, dowmwards between 
the Sartorius and Tensor fasci® latte. Tho in- 
terspace betw’een the Glutffius minimus and 
Rectus fomoris is tlieii opened up, exposing 
the upper part of the capsule, which being 
incised discloses the nock of the bone. This 
can now be divided, and the head of tho bone 
extracted. The posterior method consists in making an incision 8 to 10 cm. long, 
oommeucing midway between the, top of the greater trochanter and tlu* iliac crest, 
and extending down the posterior border ot the frocliantt-r. The muscles are 
detached from the greater trochanter, and the capsule opeiietl fitn ly. '.riio head and 
nook are freed from the soft parts and as much affected bone rivnovod as is thought 
necessary. 


TV. KiJEK-JOlNT ^ 

Tho knee-joint was formerly described as a ginglymus or hinge-joint, but is 
really of a much more complicated character. It must bo regarded as consist- 
ing of three articulations m one : two condyloid joints, one between either 
eondyle of the femur and the correswnding meniscus and condyle of the tibia ; 
and a third between the patella and the femur, partly arthrodial, but not com- 
pletely so, since the articular surfaces are not mutually adapted to each other, 
so that the movement is not a simple gliding one. This view o{ the construc- 
tion of the kn^-joint receives confirmation from a study of the articulation 
in some of the lower mammals, where, corresponding to these three subdi^^Ons, 
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three synovial cavities are sometimes found, either entirely distinct or or* 
connected together by small communications. This view i^ further rendej 
probable by the existence in the middle of the joint of the two cruciate li|; 
mcnts, which may be regarded as the collateral ligaments of the medial aiK 
lateral joints. The existence of the patellar fold of synovial membrane would 


Fig. 498. — Articiilar fapsnlc of right knee-joint (distended). 


L/ft-eral aspect. 



further indicati^ a tendency to separation of the synovial cavity into two minor 
^ic.s, one corresponding to the lateral and the other to the medial joint. 

The ligaments of the joint are : 

The articular eapsuh', 

Ligamentum patellic. 

Oblique popliteal. 

Arcuate popliteal. 

Tibial collateral. 

Fibular collateral 

The articular capsule (figs. 498, 499) consists of a fibrous stratum which is 
strengthened in almost its entire extent bv bands inseparably connected with 
it ; above and in front, beneath the tendon of the Quadriceps femoris, it is 
represented only by the .synovial stratum. Its chief strengthening bands are 
derived from the fascia lata and from the tendons surrounding the joint. In 
front, expansions from the Vasti and from the fascia lata and its iliotibial tract 
fill in the intervals between the anterior and collateral ligaments, constituting 
the mediat and lateral patdlar retinucvla. Behind, the capsule consists of 
vertical fibres which arise from the condyles of the femur and tibia and from 


Anterior cruciate. 

Posterior cruciate. 

Medial and lateral menisci* 
Transverse. 

Coronary. 
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*he Hides of the inter-condyloid fossa of the femur ; the posterior part of the 
apsule is therefore situated on the sides, and in front, of the cruciate liga- 
iients, winch are thus excluded from the joint-cavity. Behind the cruciate 
'ligaments is the oblique popliteal ligament which is augmented by fibres derived 
from the tendon of the Semimembranosus. Laterally, a prolongation from 
the iliotibial tract fills the interval between the oblique popliteal and the 
fibulae collatcigJ ligaments, and partly covers the latter. Medially, expansions 
from the Sartorius and Semimembranosus pass upwards to the tibial collateral 
ligament and strengthen the capsule. 


Fig., 499. — Articular capsule of right knee-joint (flistendcj). Posterior aspect. 



The synovial stratum of tlic knee-joint is the largest and most extensive 
in the body. Commencing at the upper bonier of the patella, it forms a large 
j^oueh beneath the Quadriceps fern oris on the lower part of the front of the 
femur (figs. 498, 605), and usually communicates with a bursa interposed between 
the tendon and the front of the femur. The poucli between the Quadriceps 
and front of the femur is supportcxl, during the mo\'ements of tke knee, by 
a small muscle, the Aiticulaids genus, which is inserted into it. On either 
side of the patella, the s^movial stratum extends beneath the aponeuroses 
of the Vasti, and more especially beneath that of th»^. Vastus niedialis. Below 
^ the ]jatella it is separated from the ligamentuTYi patelhe by a considerable 
-quantity of fat, known aa the infrapatellar pad. From the niedial and lateral 
borders of the articular surface of the patellas reduplications of the synovial 
stratum project into the interior of the joint. These form two fringe-like folds 
termed the alar folds ; below, these folds converge and arc continued as a single 
band, tho patdlarfM (Hjpnientum mucosum), to the front of the intercondyloid 
fossa of the femur. Ou either side of the joint, the synovial stratum passes 
downwards from the femur, lining the fibrous stratum of the <*apsule as far 
as its attachment to the menisci; it may then be traced over thejhpper 
a. A, 2o 
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surfaces of these to their free boniers, and thence along their under surfaces 
to the tibia. At the back part of the lateral meniscus it forms a cul-de-sae 
between the groove on its surface and the tendon of the Popliteus ; it is reflected 
across the front of the cruciate ligaments, which are therefore situated outside 
the synovial cavity. 

The lig;anientum patellae (fig.^ 500) is the central portion of the common 
tendon Quadriceps femoris, which is continued from the patella to the 

tuberosity of the tibia. It is a strong, flat, ligamentous band, about 0 cm. in 
length, attached, above, to the apex and fiidjoining margins and to .the rough 
depression on the posterior surface of the patella ; and bdow, to the tuberosity 

of the tibia ; its superficial fibres are 
continuous over the front of the patella 
with those of the tendon of the Quadricepa 
femoris. The medial and lateral portions 
of the tendon of the Quadriceps pass 
down on either side of the patella, to 
bo inserted into the upper extremity 
of the tibia on either side of the tuberosity ; 
these portions merge into the capsule, as 
stated above, forming the medial and 
lateral x)atellar retinacula. The posterior 
surface of the ligamentum patellss is 
separated from the synovial stratum of 
the articular capsule by a large inff apatellar 
pad of fat, and from the tibia by a bursa. 

The oblique popliteal ligament 
(posterior ligament) (fig. 601) is a broad, 
fiat, fibrous band, formed of fasciculi 
separated from one another by apertures 
for the passage of vessds and nerves. 
It is attached above to the upper margin 
of the intercondyloid fossa and lateral 
condyle of the femur, and below it shades 
off into the capsule. Superficially’ there 
is a strong fasciculus derived from the 
tendon of the Semimembranosus ; it 
))a8ses from the posterior part of the 
medial condyle of the tibia obliquely 
ui>wards and lateralwards to the posterior 
part of the lateral condyle of the femur. 
The oblique popliteal ligament forms 
part of the floor of the popliteal fossa, and 
the popliteal artery rests upon it. 

The arcuate popliteal ligament 
(fig. 501) is an arched bundle of fibres 
wliich varies somewhat in strength and appearance. It is attached to the lateral . 
condyle of the femm* and passes downwards to fuse with the capsule below 
the oblique popliteal ligament. Two bands, an anterior and a posterior, 
converge from the upper and lower extremities of the arcuate popliteal hgament ; 
they unite below to form the reUnaculum of the ligament, which is fix^ to the 
apex of the head of the fibula. The anterior band of this retinaculum is some- 
times described as the short fibuhir collateral ligament. 

The tibial collateral ligament (internal lateral ligament) (figs. 500, 601) 
is a broad, fiat band, situated nearer to the back than to the front of the joint. ^ 
It is attached, above, to the medial epicdndyle of the femur immediately below ^ 
the adductor tubercle ; below, to the medial condyle and medial surface of the 
body of the tibia. The fibres of the posterior part of the ligament are Short 
and incline backwards as they descend ; they are inserted into the tibia aboyo 
the groove for the Semimembranosus. The anterior part of the hgament, 
about 10 cm. long, inolines forwards as it descends ;; it is insetted hnto tho , 
medial surface of the body of the tibia about chi, bdo^ tl^ tevel bf the 
condyle. It is crossed, at its . letter part, by the tendons, (rf the 
GraeiCEbi, and Semitendinosus, a bursa being interposed. Its de^ surface Wy erb 


Fig. 500. — knoc-Joint. 
AntiM’OMiofJial viovA'. 
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the inferior medial genicular vessels and nerve and the anterior portion of the 
tendon of the Semimembranosus, with which it is connected by a few fibres : 
it is intimately adherent to the meJial meniscus. 

The .fibular collateral ligament (external lateral ligament) (fig. 503) is a 
strong, rounded cord, attached, above, to the lateral epicondyle of the femur, 
immediately above the groove for the tendon of the Popliteus ; below, to the 
lateral side of the head of the fibula, in front of the styloid process. The 
greater part of its lateral surface is covered by the tendon of the Biceps femoris ; 
the tendon, however, divides at its insertion into two parts, which arc separated 


Fig. 501. — Right knee-joint 
Fosterior view. 


Fig. 602. — Right kneo-joint, dissected 
from tho front. 




by the ligament. Deep to the ligament are the tendon of tlio Popiiteus, and 
the inferior lateral genicular vessels and nerve. The ligament has no attacli- 
ment to the lateral meniscus. 

The cruciate ligaments are of considerable strength, and are situated in 
the middle of the joint, nearer to its posterior than to its anterior surface. They 
are called cruciate because they cross eaeh other somewhat like tiic lines of the 
letter X ; and have ireceived the names anterior and posterior, from the position 
of their attachments to the tibia. 

The anterior cruciate ligament (fig. 502) is attached to tho depression 
"in front of the intercondyloid eminence of the tibia, being blended with the 
anterior extremity of the lateral meniscus ; it passes upwards, backwards, and 
lateralwmds, and is fixed into the medial and back part of the lateral condyle 
of the femur. 

the posterior craciate ligainent (fig. 503) is stronger, but shorter and 
less oblique in its direction, than the anterior. It is attached to the posterior 
intercondyloid fpssa of the tibia, and to the posterior extremity of the lateral 
meniscus ; it passes upwards, forwards, and medialwards, to be fixed mto tihe 
lateral and front part of the medial condyle of the femur. 
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The menisci (semilunar fibrocartilages) (fig. 504) arc two crescentic lamcll®, 
whicli serve to deepen the surfaces of the head of the tibia for articulation with 
the cond3des of the femur. The peripheral border of each meniscus is thick, 
conv(.‘x, and attached to the inside of the articular capsule ; the o])posite border 
is thin, concave, and free. The upper surfaces of the menisci are concave, and 
in contact^iwith the eond,yles of the femur ; their lower surfaces are flat, and 
rest upon the head of the tibia ; both surfaces are smooth, and enveloped by 
the synovial stratum. Each meniscus covers approximately the peripheral 
two-thirds of the corresponding articular surface of the tibia. 

The medial meniscus is nearly semicircular in form, a little elongated from 
before backwards, and broader behind than in front ; its anterior end is attached 
to the anterior iritereondyloid fossa of the tibia, in front of the anterior cruciate 


ri0;3. — r.t'ft laioo-inint, dissot-tod from behind. 



ligament, some of its fibres being continued, as the transverse ligament, to the 
anterior margin of the lateral meniscus ; its posterior end is fixed to the posterior 
intercondyloid fossa of the tibia, between the attachments of the lateral meniscus 
and the postt*iior cruciate ligament. 

The lateral meniscus is nearly circular and covers a larger portion of the 
articular surface than the medial meniscus. It is grooved posteriorly for the 
tendon of the Popliteus, which separates it from the tibiilar collateral ligament. 
Its anterior end is attached in front of the intercondyloid eminence of the tibia, , 
behind and lateral to the anterior cruciate ligament, with which it blends ; 
the posterior end is attached behind the intercondyloid eminence of the tibia 
and in front of the posterior end of the medial meniscus. The anterior attach- 
ment of the lateral meniscus is twisted on itself so that its free margin looks 
backwards and upw^ards, its anterior end resting on a sloping shelf of bone on 
the front of the lateral process of tho intercondyloid eminence. Close to its 
posterior attachment it sends off a strong fasciculus, the ligament of Wrisberg 
(figs. 503, 504), which passes ujjwards and medialwards, to b© insert^ into the 
medial condyle of the femur, immediately behind the attachment of the posterior 
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cruciate ligament. Occasionally a small fasciculus passes forwards to l)o 
inserted into the lateral part of the anterior cruciate ligament. The lateral 
meniscus gives off from its anterior convex margin a fasciculus which forms 
the transverse ligament. 

The transverse ligament (fig. 504) connects the anterior convex margin 
of the lateral meniscus to the anterior end of the medial meniscus ; its thickness 
varies considerably in different subjects, and it is sometimes absent. 

The coronary ligaments are merely ])ortioiis of the capsule, connecting 
the periphery of either meniscus with the margin of the head of the tibia. 

Bursae.- “The burs® near the knee-joint are the following : 

In front there are four bursaa : a large one is interposed between the lo\vt‘r 
part of the patella and the skin, a small one between the ui)per part of the tibia 
and the ligamentum patella, a third between the lowei* part of the tuberosity of 
the tibia and the skin, and a fourth between the anterior surface of the lower 
part of the femur and the dee]) surface of the Quadricop.s feraoris which usually 


Flo. 504. — ][(‘}i(l of right tibia seen from abovi*. s]io\ving nienist;! mi(i 
Htta«bmf‘iits of ligaiiu'iits. 


Anterior vrvciatr ligament Tninxvnse ligament 



communicates with the knee-joint (fig. 505). Jiaterally there arc four bursae : 
(1) one (which sometimes commimciates with the joint) betweej) the lateral head 
of the Gastrocnemius and the capsule; (2) one between the libular collateral 
ligament and the tendon of the Bicej)s femoris ; (3) one between the fibular 
collattn’al ligament and the tendon of the Popliteus (this is sometiiiies only an 
expansion from the ijoxt bursa) ; (4) one between the tendon of the Popliteus 
and the lateral condyle of the femur, usually an extension from the synovial 
stratum of the joint\ Medially, then^ are five bursje: (1) one between the 
medial head of the Gastrocnemius and the capsule : this sends a prolongation 
between the tendon of the jiiedial head of the Gastrocnemius and the tendon of 
the Semimembranosus and often communicates with the joint ; (2) one super- 
ficial to the tibial collateral ligament, between it and the tendons of the Sar- 
torius, Gracilis, and Semitendinosus ; (3) one det^p to the libial collateral 
ligament, between it and the tendon of the Semimembranosus (this i.s sometimes 
only an expansion from the next bu!*sa) ; (4) one between the tendon of the 
Seminrembranosus and the head of the tibia ; (5) occasionally there is a bursa 
between the tendons of the Seuuineml)ranosus and Semitendinosus. 

Structures around the joint. —In front, and at the sides, is the Quadri(*ops 
feraoris ; laterally, the tendons of the Biceps femoris and Popliteus ,nd the common 
pcrouieal nerve ; medially, the Hartoiius, Gracilis, Semitendinosus, and Semi- 
membranosus ; behind, the popliteal vessels, and the tibial nerve, Popliteus, 
IJlantavis, and medial and lateral heads of the Gastrocnemiu'j, some lymph* 
glands, and fat. 
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The arteries supplying the joint are the highest genicular (anastomotica magna), 
a branch of the femoral, the genicular branches of the popliteal, the recurrent 
branches of the anterior tibial, and the descending branch from the lateral femoral 
circumflex of the arteria profunda fomoris. 

The are derived from the obturator, femoral, tibial, and common peronaeal. 

MoveUMnts. — ^Thc movements which take place at the knee-joint are flexion 
and extension, and, in certain positions of the joint, internal and external rotation. 
The movements of flexion and extension at this joint diflEer from those in a typical 


FiCr. 505. — Sagittal section of right kneo-joint. 
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Bursa between tibia and 
Ugamentum patellce 


hinge -joint, such as the elbow, in that (a) the axis round which motiion takes place 
is not a fed one, but shifts forwards during extension and backwards during 
flexion ; (h) the commencement of flexion and the end of extension are accoiipL-» 
panied by rotatory movements associated with the fixation of the l^b in a position 
of great stability. The movement from full flexion to full extension may therefore 
be described in three phases : 

1. In the fully flexed condition the posterior ^rts of the femoral cond.}lea rest 
on the corresponding portions of the meniscotibial surfaces, and in this i>OBition 
a slight amount of simple rolling movement is allowed. 

2. During the passage of the limb from the flexed to the extended position 
gliding movement is superposed on the roUing, so that the. axis, whioh at the mta* 
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m^ncem^nt is represented by a line through the medial and lateral condyles of the 
femur, gradually shifts forwards. In this part of the movement, the posterior 
two-tM^ of the tibial articular stirfacea of the two femoral condyles are involved, 
and as these have similar curvatures and are parallel to one another, they mo\e 
forwards equally. 

3, The lateral condyle of the femur is brought- almost to rest by the tightening 
of the anterior cruciate ligament ; it moves, however, slightly forwards and medial- 
wards, pfishing before it the anterior pait of the lateral* meniscus. The tibial 
surf^e on the medial condyle is prolonged farther forwards than that on the lateral, 
and this prolongation is directed lateralwards. When, therefore, the movement 
forwards of the condyles is checked by the anterior cruciate ligament, continued 
muscular action causes the medial condyle, draggitig with it the meniscus, to travel 
backwards and medialwards, thus producing an internal rotation of the thigh on 
the leg. When the position of full extension is Reached the lateral part of the 
groove on the lateral condyle is pressed against the anterior part of the corresponding 
meniscus, while the medial part of the groove rests on the articular margin in front 
of the lateral process of the tibial intercondyloid eminence. Into the groove on 
the medial condyle is fitted the anterior part of the medial meniscus, while the 
anterior cruciate ligament and the articular margin in front of the medial process 
of the tibial intercondyloid eminence are received into the fore part of the inter- 
condyloid fossa of the femur. This third phase, by which all these parts are brought 
into accurate apposition, is known as the ‘screwing home,* or locking movement 
of the joint. 

The complete movement of flexion is the converse of that described above, and 
is therefore preceded by an external rotation of the femur which unlocks the extended 
joint. 

The axes round which the movements of flexion and extension take place are 



not precisely at right angles to either bone ; in flexion, the femur and tibia are in 
the same plane, but in extension the one bone forms ,, ^ 

an angle, opening lateralwards, with the other. f'if surface 

In addition to the rotatory moveraente a^ociated lilg dilgmnanikailf 
With the completion of extension . and the initiation contact with the 

of flexion, rotation inwards or outwards can be femur in different positions 
effected when the joint is partially flexed ; these of the knee, 
movements take place mainly between the tibia and 
the menisci, and are freest when the leg is bent at 
right angles with the thigh. 

Momnents of the patella , — ^The articular surface of 
the patella is indistinctly divided into seven facets- - j 
upper, middle, and Iqfwer horizontal pairs, and a 
medial perpendicular facet (fig. 506). When the 
knee is forcibly flexed, the medial perpendicular 
facet is in contact with the semilimar surface on the 
lateral part of the medial condyle ; this semilunar 
surface ][s a prolongation backwards of the medial 
part of the patellar surface. As tin*, leg is carried from the flexed to the extended 
position, first the highest pair, then the middle pair, and lastly the lowest pair of 
horizontal facets is successively brought into contact with the patellar surface of 
the femur. In the extended position, when the Quadriceps femoris is relaxed, 
the patella lies loosely on the front of the lower end of the femur. 

During flexion, the ligamentum patellse is stretched, and in extreme flexion the 
posterior^ cruciate ligament, the oblique popliteal and collateral ligaments and, to 
. a slight extent, the anterior cruciate ligament, are relaxed. Flexion is checked 
during life by the contact of the leg with the thigh. When the knee joint is fully 
extended the oblique popliteal and collateral ligaments, the anterior cruciate liga- 
ment, and the posterior cruciate ligament, are rendered tense ; in the act of extend- 
ing the knee, the ligamentum pateDss is tightened by the Q^driceps femoris, but 
in full extension with the heel supported it is relaxed. Botation inwards is checked 
by the anterior cruciate ligament ; rotation outwards tends to uni’.ross and relax 
the cruciate ligaments, but is checked by the tibial collateral ligament. The main 
funcidon of the cruciate ligapieuts is to act as a direct bond betw^;en the tibia and 
femur and to prevent the former bone from being carried too far baclavards or 
forwards. IJiey Jso as&t the collateral ligaments in resisting any bending of the 


m 


SYNDESMOLOGY 


joint to cither side. The menisci adapt the surfaces of the tibia to the shape of 
the femoral condyles to a certain extent, and so fill up the intervals which would 
otherwise be left in the varying positions of the joint, and permit of the two varieties 
of motion, fleidon (and extension), and rotation, as explained above. The patella 
is a great defence to the front of the knee-joint, and distributes upon a lafge and 
tolerably ^tSaen surface, during kneeling, the pressure which would otherwise fall 
upon the prominent ridges of the condyles ; it also affoisis leverage to the Quadriceps 
fcjnoris. 

When standing erect in the attitude of ‘ attention/ the weight of the body falls 
ill front of a lino carried across the centres of the kiiee-joints, and therefore tends to 
produce over-extension of the articulation ; this, however, is prevented by the 
tension of the anterior cruciate, oblique jicpliteal, and collateral ligaments. 

Extension of the leg on the thigh is performed by the Qu^riceiw femoris 
Hexioti by the i3icei>s femoris, Semitendinosus, and Semimembranosus, assisted 
by the Gracilis, Sartorius, Gastrocnemius, Popliteus, and Plantaris. Rotation 
ovtivards is ciTeoted by the Biceps femoris, and rotation inwards by the Popliteus, 
Semitendinosus, and, to a slight extent, by the Seniimembranosus, the Sartorius, and 
tlu' Gracilis. The PopliieiLs comes into action cs|)ecially at the commencement of 
the movement of flexion of the knee ; by its contraction, the leg is rotated inwards,, 
or, if the tibia be fixed, the thigh is rotated outwards, and the knee-joint is unlocked. 

Applied Anatomy . — From a consideration of tho conslructioii of the knee-joint, it 
would at first sight appear to be one of the least secure joints in the body. It is formed 
t)et\vooii the two longest bone's, and therefore the amount of leverage which can bi'^ 
brought to boar upon it is considerable; the articular burfaees arc but ill-adaiited to each 
other, and the range of motion which it enjoys is great. All these circumstances tend to 
render the articulation insecure; nevertheless, on account of the* powerl'iil ligaments 
which bind tho bones together, the joint is one of the strongest in tlu^ bod\ , and disloca- 
tion from traumatism is a rare occurrence. When, on tho other hand, the ligament'* 
hav«^ been softened or destroyed by disease, partial displacimient is liable to o<*{'ur, and is 
irefjuontly brouglit about the* action of tlio musedes. 

One or otiior ol the menisci may become dispJaca'd and nipped between tho f'eimir 
and tibia. Th(3 accident is ' i\>dueed by a twdst of tlie leg when tho kin*e is flexed, and 
is aceornpaniod by a sinhioji i)ain and fixation of the knee in a flexed positioJi. Thu 
meniscus may be displaced cither towards the tibial intcrcondyloid eminence, so that ti\e 
cartilage hecomes lodged in the intercoiidyloii fossa, or to one side, so that the cartilage 
projects beyond tho margin of the two articular surfaces. The medial meniscus is much 
more eominonJy affected than the. lateral. 

Acute s,^novitis, tho result of trauinatisin, is of frequent occurrence in the knee, on 
account of the superficial position of the joint. When the cavity is distended with fluid, 
the swelling shows itself above and at the sides of the patella, reaching about 2‘5 cm., 
occasionally o cm. or more, above the patellar surface of the femur, and extending a little 
liighev under the Vastus rnedialis tliau under the Vastus lateralis. The lower level of 
tho syno\ial stratum is just at the level of the head of the tibia. Chronic synovitis shows 
itself i)riiicipaUy in the form of imlpy tiegeneration of tlu; syujovial stratum, the result ol 
tuberculous iufection. Syphilitic disease with guinmatoiis infiltration of the synovial 
stratum may take place. The knee is one of the joint«< most commcaily affected with 
(jsteo-arthritis, and is mon* fr(*queutly the seat of this disease in w'omen than in men. 
'rhe occurrence t)f the so-called h^ose cartilages is almost ermfined to tlie knoc'’, though 
they are occasionally met with in other joints. Many of them occur in cases of osteo- 
arthritis in wdiich calcareous or cartilaginous material is formed in one of the synovial 
fringes and constitutes the foreign body, and may or may not become detached, in the 
former case only meriting the usual term, ‘ loose ’ cartilage. In other cases they have 
their origin in the exudathm of inflammatory lymph, and possibly, in some rare instances,, 
a portion of the articular cartilages tir one of tin’ menisci becomes detached and consti- 
tutes the foreign body. 

In inflammatory affections of the. knee-joint, the position of gn'atcst ease, and there- 
fore the one whiclx is always assumed, is that of slight flexion. In this position tliorc 
is tho most complete relaxation of ligamentous structures, and, therefore,, the greatest 
(iiininution in the tension caused by the effusion, f£ this flexed position be maintained 
for any length of time, it becomes pi-rmauent from fibrous adliesions taking place, arul 
tlio utility of tho limb is matcudally impaired. Attention should therefore bo paid b.V 
the surgeon to the positioii of the limb , and by carefully applied spirits^ with tho leg iii 
HU extended position, this untoward restilt should bp prevented. In cases of septic 
synovitis, incisions to evacuate, tlie pus should be made vertically on either side oi the 
patella, between it and the condyles of thu f^mur. 

Genu valgum, or knnek-knee, is a common disformity of childhoc^d. In this condition, 
as thfi patient stands, the medial condyles of the two femora are in contact, but the 
medial malleoli of the tibiee arc more or less widely separated from each others When,. 
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however, the hnecs are flexed to a right angle, the two legs are practically paralhd 
with eiieli other. If the deformity bo marked, an oslootoiny of the femur is ri-quired 
to correct it. 

Excision of the knee-joint is most frequently required for tuberculous disease of this 
articulation, but is also practised in cases of disorganisation of the knee from otlier causes 
and occasionally for injury, gunshot or olhervvise. The operation is be>t performed by 
a horseshoe-shaped incision, starting from one femoral condyle, des(?ending as low as the 
tuberosity of the tibia, and then carried upwards to the other ferru^ral coiuivh\ Tlu? 
bone ends having been cleared, and in those cases where the operation is perfonned for 
tuberculous disease all pnlpy tissue having been carefully removed, the section of the 
femur is first made. This should never include, in children, more than, at the mo?t. 
two-thirds of the articular surface, otlierwise tlu! epiphysial cartilage, will be involved, 
with disastrous results as regards tlu' growth of tlio fiiYil). Afterwards a thin slice, not 
more than 1‘‘25 cm., should b(‘ removed irom tlu' uy>por end of the tibia. If any disoast d 
tissue appears still to be left in the bones, it should be removed with tlie g<juge. ratlier 
tliaii by a further section. 

The biirsai about the knee-joint ju^e sometimes tli(‘ seat of eiilargemenc, bursa 

between the front of the patella and the skin is frequently affected in individuals whr^ 
are in the habit of constantly kneeling, and the condition is then known as ‘ housemaid’s 
knee.’ The bursa beneath the Semimembranosus tendon also occasionally become^ 
enlarged, and forms a fluctuating swelling at the back of the knee. During" extt'iision, 
the .swelling is firm and tense ; but during flexion it becomes soft, and, a.s the bursa often 
communicates with the synovial cavity of the joint, the flni.l it contains can be made 
to disappear by pressure when the knee is flexf^d. Ext(‘U'=.ion of .septic proee^st.^ wiUiin 
tlio joint is apt to occur along the tendon -slieatli of tho Popliteus, and this may lead to 
dee])-soatcd suppuration in the popliteal fossa, often assocnateil with Muninbosis 

of the poplitc'al vein: when this oecurs amputation (d the limb is uecessfirv. 


V. ARTICUbATfONS BETWEEN THE TIBIA AND EJBUl.A 

The articulations bclAveen the tibia and fibula are effected hy ligaments 
which connect the extremities and b(xUes of the bones. The ligajucnts may 
consectuently bo subdivided into three sets : (1) lliose of tlu'. proximal tibiolibiilHr 
articulation: (2) the crural interosseous membrane; (3) tho.se of the di'^tal 
tibiofibular articulation (tibiofibular syndesmosis). 


1. PiioxiMAL Tibiofibular Articulation (fig. 502) 

Tills articulation is an arthrodial joint between tlie lateral condyle of llie 
tibia and the head of the fibula, nie contiguous surfaces of the bones present 
flat, oval facets covered with cartilage and connected together by an nrficular 
capsule and by anterior and posterior ligaments. 

The articular capsule envelops the articulation, being attached round 
the margins of the articular facets on the tibia and liliula : it is much tbiekei 
in front than behind. Occasionally the symovial stratum of the capsule i.s 
continuous with that of the knee-joint. 

The anterior ligament of the iiead of the filiula consists of two or Ibreci 
flat band.s, which pass obliquely upwards from the front of the b.oad f»f tlu^ 
fibula to the front of the lateral condyle of the 1i>)ia. 

The posterior ligament of the head of the tlbula is a thick band, which 
passes obliquely upwards from the back of the head of tJie fibula, to the back 
of the lateral condyle of the tibia, ft is covered by the tendon of the PopliUuis. 


2. Crural Interosseous Membrane 

The crural interosseous membrane eonneets the interosspous crests 
of the tibia and fibula, and separates the muscles on the front from those on 
the back of the leg. It consists of oblique fibres, which for the most ])art run 
downwards and lateralwards ; a few, however, pass in the opposite direction. 
The anterior tibial vessels pass above its upper margin ; in its low’^er ]part is 
an opening for the passage of the anterior peronieal vessels, it is continuous 
below, with the interosseous ligament of the tibiofibular syndesmosis, and 
presents numeroiis perforations for the passage of small vessels. It is in 
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relation, in front, with the Tibialis anterior, Extensor digitorum longus, Extensor 
hallucis longus, Peronseus tertius, and the anterior tibial vessels and deep 
peronteal nerve ; behind, \idth the Tibialis posterior and Flexor hallucis longus. 


3. ?>vSTAL Tibiofibular Articulation (Tibiofibular Syndesmosis) 

This syndesmosis is formed by the rough, convex surface of the medial side 
of the lower end of the fibula, and a rough concave surface, the fibular notch, 
on the lateral side of the tibia. Below, to the extent of about 4 mm., these 
surfaces are smooth, and covered with cartilage, continuous with that of the 
ankle-joint. The ligaments are : anterior, posterior, inferior transverse, and 
interosseous. 


Fig. 507. — Articular capsule of left talocrural articulation (distended). 

Lateral aspect. 



The anterior ligament of the lateral malleolus (fig. 510) is a triangular 
band, broader below than above, which extends obliquely downwards and 
lateralwards between the adjacent margins of the tibia and fibula, on the front 
of the syndesmosis. 

The posterior ligament of the lateral malleolus (fig. 508), smaller th^n 
the preceding, is disposed in a similar manner on the posterior siurface of the 
syndesmosis. Its deep portion forms the inferior transverse ligament, a 
strong, thick band of yellowish fibres which passes transversely acrosd the back 
of the joint, from the lateral malleolus to the posterior border of the articular 
surface of the tibia, almost as far as its malleolar process. The inferior trans- 
verse ligament projects below the margins of the bones, and forms part of the 
articulating surface for the talus. 

The interosseous ligament is continuous, above, with the intero^eofis 
membrane and consists of numerous short, strong bands, which pass between 
the adjacent rough surfaces of the tibia and fibula, and constitute the 
bond of union between the bones. * . ^ 

The synovial stratum associated with the small arthrodial part of this 
joint is continuous with that of the ankle-joint. 
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VL TALOCRURAL ARTICULATION OR ANKI^.JOINT 

The ankle-joint is a ginglymus, or hinge-joint. Entering into its forma- 
tion are the lower end of the tibia and its mall^lus, the malleolus of the fibula, 
and the inferior transverse tibiofibular ligameni, which together form a mortise 
for the reception of the trochlea of the talus. The bones are connected by the 
following ligaments : 

The articular capsule. Anterior talofibular. 

Deltoid. Posterior talofibular. 

Calcaneofibular, 

The articular capsule (fig. 507) surrounds the joint, and its fibrous 
stratum is attached, above, to the borders of the articular surfaces of the tibia 


Fig. i508. — Tjeft talocrural articulation, from behin<l. 
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and malleoli, and below, to the talus around its trochlear articular surface. Its 
anterior part, often termed the anterior Ugaineni, is a broad, thin, membranous 
layer, attached, above, to the anterior margin of the lower end of the tibia, and 
below, to the talus, in front of its superior articular surface. It is in relation, 
in front, with the extensor tendons of the toes, the tendons of the Tibialis 
anterior and Poronseus tertius, and the anterior tibial vessels and deep poronasal 
nerve. Its posterior part, often termed the posterior ligament, is very thin, and 
consists principally of transverse fibres. It is attachcil, above, to the margin 
of the articular surface of the tibia, blending with the inferior transverse liga- 
ment, and below, to the talus behind its superior articulai^ facet. Laterally, it is 
somewhat thickened, and is attached to the hollow on the medial surface 
of the lateral malleolus. 

The fibrous stratum is lined by a synovial stratum, and the joint-cavity is 
continued upwards for a short distance between the tibia and fibula. 

The deltoid ligament (internal lateral ligament) (i^s. 608, 509) is a strong, 
triangular band, attached, above, to the apex and antericor and posterior borders 
of the medial malleolus. It consists of two sets of fibres, superficial and deep. 
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Of the superficial fibres the anterior {tibionavicular) pass forwards to be attached 
to the tuberosity of the navicular bone, and immediately behind this they 
blend with the medial margin of the plantar calcaneonavicular ligament ; 
the middle {calcafieotibial) descend almost perpendicularly and fixed into 
the whole length of the sustentaculum tali of the calcaneus ; the posterior fibres 
(posterior '^Motibial) pass backwards and lateralwards to be attached to the 
medial side of the talus, and to the prominent tubercle on its posterior surface, 
medially to the groove for the* tendon of the Flexor hallucis longus. The deep 
fibi*es (anierior talotibial) are fixed, above, to the tip of the medial malleolus, 
and, below, to the medial surface of the talus. The deltoid ligament is crossed 
by the tendons of the Tibialis posterior and Flexor digitorum longus. 


Fic;. r»00. — of anklo and tarsus. 


Medial aspect. 



The anterior talofibular ligament (fig. 510) passes from the anterior 
margin of the fibular malleolus, forwards and mediaUvards, to the talus, in 
front of its lateral articular facet. 

The posterior talofibular ligament (fig. 508), strong and deeply seated, . 
runs almost horizontally from the depression at the medial and posterior part 
of the fibular malleolus to the posterior process of the talus 

The calcaneofibular ligament (fig. 510) is a long rounded cord, running 
from the apex of the fibular malU*.olus downwards and slightly bjvckw^ards to a 
tubercle on the lateral surface; of the calcaneus. It is covered by the tendons 
of the Peronaei longus and brevis. 

The anterior and posterior talofibular and the calcaneofibular ligaments 
were formerly described as the tlnee fasciculi of the external lateral ligament 
of the ankle-joint. 

Relations. — The tendons, vessels, and nerves in relation with the joint are, in 
front, from the medial side, the Tibialis anterior, Extensor hallucis longus, anterior 
tibial vessels, deep peronfcal nerve, Extensor digitorum longus. and Perona)us 
teitius ; behind, from the medial side, the Tibialis posterior, Flexor digitorum 
longus, posterior tibial vessels, tibial nerve. Flexor hallucis longus ; and, in the 
groove heliind the fibular malleolus, the tendons of the Peronaji longus and 
brevis. 

The arteries supplying the joint are derived from the malleolar branches of 
the anterior tibial and from the ])eron8Dal. 

The nerves are derived from the deep peroneeat and tibia!. 
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Movements. — ^When the body is in the erect position, the foot is at right angles 
to the leg. The movements of the joint are those of dorsiflexion and extension ; 
dorsiflexion consists in the approximation of the dorsum of the foot to the front 
of the leg, while in extension the heel is drawn up and the toes pointed downwards. 
The malleoli ti^tly embrace the talus in all positions of the joint, so that any 
slight degree of side-to-side movement which may exist is simply due to stretching 
of the ligaments of the talofibular syndesmosis, and slight bending of the body of 
the fibula. The superior articular surface of the talus is broader in front than 
behind. In dorsiflexion, therefore, greater space is required between the two 
malleoli. This is obtained by a slight outward rotatory movement of the lower end 
of the fibula and a stretching of the ligaments of the syndesmosis ; this lateral 


Fig. .510. — Ligaments of ankle ami tarsus. J.at(^ral aspect. 
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movement is facilitated by a slight gliding at tlie tibiofibular artieiilation, and 
possibly also by the bending of the body of the fibula. Of the ligaments, the d(‘ltoid 
is of great power- -so much so, that it usually K'sists a force which fiactuivs the 
process of bone to which it is attached. Its jniddle portion, together with the 
calcaneofibular ligament, binds the bones of the leg firmly to the foot, and resists 
displacement in every direction. Its anterior and |X)stenor iibres limit extension 
and flexion of the foot respectively, and the anterior fibres also limit abduction. 
The posterior talofibular ligament assists the calcaneofibular in resisting the dis- 
placement of the foot backwards, and deepens the cavity for the reception of the 
talus. The anterior talofibular ligament is a security against the displacement 
of the foot forwards, and limits extension of the joint. 

Extension of the foot upon the tibia and fibula is produced by t he Gastrocnemius, 
8olcus, Plantaris, Tibialis posterior, Perona?i longus and brevis, Flexor digitorum 
longus, and Flexor hallucis longus ; dorsijlexivn, by the Tibialis anterior, Peronieus 
tertius, Extensor digitorum longiLs, and Extensor hallucis longus.* 

Applied Anaiomij , — As the ankle-joint is a v«iy strong and powerful articulation, 
<lisplacement of the talus from the tibiofibular mortise is a rnre accideJit , and great force 

* Tho student must bear in mind that the Extensor digitorum longus and Extensor liallucis 
longus are extensors of tho toes, but flexors of the ankle ; and that the Flexor digitorum longus 
and Flexor hallucis longus flexors of tho toes, but extensors of the ankle. 
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is required to produce it. Nevertheless, dislocation does occasionally occur, either 
aiiteroposteriorly or to one or other side. In the latter, which is the more common,, 
fracture is a necessary accompaniment of the injurv. The dislocation in these cases is 
somewhat peculiar,, and is not a displacement in a horizontal dii'ectiun, such as usually 
occurs iu dislpfi^tions of ginglymoid joints, but the talus undergoes partial rotation 
round an iinteroposterior axis drawn through its own centre, so that the superior 
surface, instead of being ^irected upwards, is inclined more or less medialwards or 
latcralwards according to tiift variety of the displacement. 

The ankle-joint is more frequently sprained than any joint in the body, and tliia may 
load to acute synovitis. In these cases, when the synovial sac is distended with fluid, 
the bulging appears principally in the front of the joint, beneath the anterior tendons, 
and on either side, between ilic Tibialis anterior and the deltoid ligament on the medial 
side, and between the PerouKHis tertius and the anterior talofibular ligament laterally. 
In addition to this, bulging often occurs posteriorly, and a fluctuating swelling may be 
detected on cither side of the tendo calcaneus. A large proportion of so-called ‘ sprains 
of the ankle bfive been proved by ar-ray examination to bo some variety of fracture about 
the malleoli, with or without displacement. 

Chronic; synovitis may result from frequent sprains, and when once this joint has been 
sprained it is liable to a recurrence of the injury; or the synovitis may be tuberculous 
in its origin, the disease usually beginning in tho talus and extending* to the joint, though 
it may conimcnce in the synovial stratum of the articular capsule, Uie result probably 
of some slight strain in a tuberculous subject. 

hxcision of the ankle-joint is not oflen j>erforrrjed, since th.e foot after excision is often 
rd' very little use; far less useful, in fact, than after Syme’s amputation, which is, 
tlierefore, a preferable operation iu these eases. Fnrtlior, disease of tlie auklc-joint i« 
frequently associated with diP(‘ase of the tarsal bones. 


VII. IMTKHTARSAh AllTIOULATrONS 
1. Talo(:aix:janeal Auticulation 

The articulations between the calcaneus and talus are two in number — 
anterior and posterior. Of these, the anterior forms part of tho talocalcaneo- 
navicular joint, and will b... described with that articulation. The posterior or 
talocalcaneal articulation is formed between the posterior (salcaneal facet on 
tho inferior surface of the talus, and the posterior meet on the superior surface 
of the calcaneus. It is an arthrodial joint, and the two bones are connected 
by an articular capsule and by anterior, posterior, lateral, medial, and inter- 
osseous talocalcaneal ligaments. 

The articular capsule envelops the joint, and consists for the most part 
of short fibres ; it is split up into distinct slips, and between these there is 
only a weak fibrous investment. It is lined by a synovial stratum, and the 
joint-cavity does not communicate with any of the other tarsal joints. 

The anterior talocalcaneal ligament (fig. 513) extends from the front and 
lateral surface of the neck of the talus to the superior surface of tho calcaneus. 

The posterior talocalcaneal ligament (fig. 509) connects the lateral 
tubercle on the posterior surface of the talus with tho upper and medial part 
of the calcaneus ; it is a short band, and its fibres radiate from their narrow 
attachment to tho talus. 

The lateral talocalcaneal ligament (figs. 507, 510) is a short, strong 
fasciculus, passing from the lateral surface of the talus, immediately beneath 
its fibular facet, to the lateral surface of the calcaneus. It is placed in front 
of, but on a deeper plane than, the calcaneofibular ligament, with the fibres of 
w^hich it is parallel. , 

The medial talocalcaneal ligament connects the medial tubercle on the 
posterior surface of the talus with the back of the sustentaculum tali. Its fibres 
blend with those of the plantar calcaneonavicular ligament. 

Tho interosseous talocalcaneal ligament (figs. 507, 611) is very thick 
and strong, and forms the chief bond of union between the bones, ft is, in 
fact, a portion of the united capsules of tho taloccdcaneonavioular and the 
talocalcaneal joints, and consists of two partially united layers of fibres, one 
belonging to tho former and the other to tho latter joint. It is attached, 
above, to the sulcus tali ; below, to the sulcus calcanei. 

Hoveineate.—The movements permitted between the talus and calcaneus,, are 
limited to gliding of the one bone on the other, backwards and forwain^ and 'from 
side to side. . > 
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2. TaIiOOALCANEOKAVICULAE Abticulation 

This articulation is an arthrodial joint : the rounded head of the talus 
being received into the concavity formed by the posterior surface of the navi- 
cular bohe, the anterior articular surface of the calcaneus, and the upper surface 
of the plantar calcaneonavicular ligament. There are two ligaments in this 
joint ; the articular capsule and the talonavicular. 

The articular capsule is imperfectly developed except posteriorly, where 
it is considerably thickened and forms, with a part of the capsule of the talo- 
calcaneal joint, the strong interossoou^ ligament which fills the sinus tarsi 
formed by the opposing sulci on the calcaneus and talus, as above mentioned. 


Fig. 611. — Coronal section tbrougli right talocrural and talocalcaneal joints. 
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The talonavicular ligament (fig. 509) is a broad, thin band, comiectiiig 
the neck of the talus to the dorsal surface of the navicular bone ; it. is covered 
by the Extensor tendons. The plantar calcaneonavicular supjdif's the place 
of a plantar ligament for this joint. 

Movements. — This articulation permits of a considerable range of gliding 
movements. 


3. Calcaneocuboid Articulation 

The ligaments connecting the caJoaueus with the cuboid bone arc live in 
nuni^jbor, viz., the articular capsule, the dorsal calcaneocuboid, the calcaneocuboid 
l>art of the bifurcated ligament, the long plantar, and the plantar calcaneocuboid. 

The articular capsule contains certain bands, which form the other 
ligaments of the joint. Its synovial stratum is distinct from that of the other 
tarsal articiilations (fig. 514): } 

The dorsal calcaneocuboid lig^ent (fig. 510) is a thin but brocwl 
fasciculus^ ydiich passes between^ the contiguous surfaces of the calcaneus 
and the cuboid bone, on the ‘dorsal surface of the joint. 
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Fig. 512.- 


-LigamoTit*; of plantar surfac* 
of the right foot. 


The bifurcated ligament (figs. 510, 513) is a strong band attached behind 
to the deep hollow on the upper surface of the calcaneus and dividing in front 
in a Y-shaped manner into a calcaneocuboid and a calcaneonavicular part. 
Tlie mlm7ic :;^yboid part is fixed to the medial side ot the cuboid bone and 
forms one of the principal bonds between the first and second rows ci the 
tarsal bones. The calcaneonavicular part is attached to the lateral side of 
the navicular bone. 

The long plantar ligament (fig. 612), the longest of the tarsal ligaments, 
ia attached behind to tlie plantar surface of the calcaneus in front of the 

tuberosity, and in front to the tuberosity 
on the plantar surface of the cuboid 
bone, the more superficial fibres being 
continued forwards to the bases of the 
second, third, and fourth metataisal 
bones. This ligament converts tb 
groove on the plantar surface ot ' 
».uboid bone into a canal for the tendon 
of the Vi'ronasiis longus. 

The plantar calcaneocuboid bga- 
ment (fig. 512) lies nearer to the nones 
than the [>recedirig, from whi^h ii- is 
separati'd by a little areolar tissue. Ifc 
is a short but wide band of groiO/ 
strength, and extends from tlie 1 i/bcj’^-le 
and the depression ii\ front of it, on 
tlie fore part of tlio plantar surface of 
the calcaner.8, to the plantar surfeuo 
of the cuboid bone bcliind the peroincal 
^j-oove. 

Movements. The movemeids [wr- 
inittod Ix'twoeu the caleaiiens and the 
cuboid bone are limited to slight gliding 
of the liones upon each other. 

The trah.sirrse tarsal joint i.s formed 
by the artiei.lidion of the calcaneus with 
the cuboid bone, and the articiilatioii of 
Hie UiliLs with the navicular bone. Tlie 
movement which takes jilace in this 
joint is ju\ne extensive than that, in the 
other tarsal joiids, and consists of a sort of 
rotation by means of whicli the foot may 
be .slij^htly flexed or extended, the sole 
being at the same time carried medial- 
wards (inverted) or lateral w^ards (everted). 



4, LiOAiiiE.NTs (!ON iJiCTiy'i Tun Calcaneus and Navicular 

Though the calcaneus and the navicular bones do not directly articulate, 
they arc connected by two ligaments ; the calcaneonavicular pai t of the 
bifurcated, and the plantar calcaneonavicular. 

The calcaneonavicular part of the bifurcated ligament is described 
above. 

The plantar calcaneonavicular ligament (fig. 513) is a broad, thick baud 
connecting the anterior margin of the sustentaculum tali of the calcaneus to 
the plantar surface of the navicular bone. This ligament not only unit^ the 
calcaneus with the navicular bone, but supports the head of the talus, forming 
part of the articular cavity in which it is received. Tlie ddrsal surface of the 
ligament presents a fibrocartilaginous facet, lined by the synovial ’stratuni^ 
and upon this a portion of the head of the talus rests. Its plantar surface is 
supported by the tendon of the Tibialis posterior ; its medial^order is blended 
with the anterior part of the deltoid ligament of . the ankle-joint. The plantar 
calcaneonavicular and plantar calcaneocuboid ligament^ together form the 
deep ligament of the tarsus. ^ 
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Applied Anatomy , — The plantar calcaneonavicular ligament, by supporting the lioa<l 
of tho talus, is concerned in maintaining the arch of the fool. When it yields the head of 
the talus is pressed downwards, medituwards, and forwT.rds by the weight of the body, 
and the foot becomes flattened, expanded, and turned lateral wards, and exhibits the 
coad bion known as flat-foot. This ligament contains a considoralile amount of clastic 
tissue, so as to give elasticity to the arch and spring to the foot; hence it is sometimes 
called the * spring ’ ligament. It is supported, on its plantar surfac*^’, by the tendon of 
tho I’ibialis posterior, which spreads out at its insei-tion into a number of fase'euli, to be 
attached to moat of the tarsal and metatarsal bones. This p>.‘ov'ents undue stretching 
of tho ligament, and is a pre- 

tection Bgainst the ocftiuninec .->13. - Talocalcaneal and talocalcaneonjiviciilar ai ti- 

of flat-foot ; hence mnacnlar <Miiations exposed from above bv removing the tains, 

weakness is, in most eases, 
th(?, primary cfuiso of the 
deformity. 


/). Cuneonavicular 
Articulation. 

i.'bo navicular bone is 
(^,nnee.l;ed to the three 
!•’ .nform bones by cloLsal 
MOfl plantar ligaments. 

The dorsal ligaments 
are three small faseiexili, 
one attached to ea^h of the 
cuneiform liones. 1'bc fas- 
ciculus connesetingthe navi- 
cular bone with the firsi 
cuneiform bone is con- 
tinuous round the imdial 
side of the articulation with 
the plantar ligament whicli 
unites those Wo bones. 

The plantar liga • 
ments hav**. a similar ar 
rj'»‘.gement to the dorsal, 
a., are strengthened by slips fioiu tuo 
ivementsr 'Gliding mo vt 'neat ' an 
cuneiform bones. 
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6. CUBC^nKOXVVTCUl.AR Vi.ON 

The cuboid bone is counecUd with the Luvh ^xlai bone by dorsal, plantar, 
i^nd interosseous ligaments. 

The dorsal ligament extends obUeuei, K.ir'^ ar(’ ind lateralwards, while 
the plantar passes nearly transversely fro:r\ the cuhi..d bone to the navicular 
bone. 

The interosseous ligament consists of strong transverse fibres, and 
connects the rough non-articular portions of the adjacent surfaces of the two 
bones. 

Movements. — The movements ])erinitted beWeen tho navicular and cuboid 
bones are limited tci a slight gliding upon each other. 


^ , 7. Intergunkiform ano Cu neocuboid Articulations 

* t 

^ The three cuneiform bfuics and the cuboid bone are connected together by 
dorsal, plantar, and interosseous ligaments. 

The dorsal ^and plfintar ligaments each consist of three transvers** 
Sands : one connects the first and second cmieiform bones, another the second 
and tWrd oimeiform' bones, and Another the third cuneiform and cuboid bonejs. 
The iwritar ligaments ai*e st^rongthened by slips from the tendon of the Tibialis 
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The interosseous ligaments connect the rough non-articular portions of 
the adjacent surfaces of the bones. 

Movements. — ^The movements permitted between those bones are limited to 
a slight gliding upon each other. 

Applitk Anatomy . — Tn spito of the great strength of the ligaments which connect 
the tarsal bones together, dislocation at some of the tarsal joints does occasionally occur. 
Wlien this takes place, it is most commonly in connexion with the tains; for not only 
may this bone bo dislocated from the tibia and fibula at the ankle-joint, but the other 
bones may be dislocaied from it, the talus remaining in situ in tho tibiofibular mortise. 
This constitutes what is loiowii as tho subtalar dislocation. Or, again, the talus may be 
dislocated from all its eonnevious — from the tibia a)id fibula above, tlio calcaneus below', 
and the navicular in front- -and may oven undergo a rotation, on either a vertical or a 
horizontal axis. In the former case the long axis of the bone is directed across the. joint, 
so that the head faces tlie articular surface on one or otlier malleolus; in the latter, tho 
collateral surfaces are directed upwards and downwards, so that ibc superior surface faces 
to one or the other side, llcductioa in these cases is often very difficult or impossible, 
and the displaced talus may require removal by open operation. Dislocation may 
al^o occur at the transverse tarsal joint, the anterior tarsal bones being luxated from 
the talus and calcaneus. Tho otlier tarsal bones are occasionally, though rarely, dis- 
located from their connexions. 


Vlil. T.VKSOMKTATARSAL ARTICULATIONS 

Tliese arc arthrodial joints. Tho bones entering into their formation 
are the first, second, and third cuneiform, and the cuboid, and they 
articulate with the bases of the metatarsal bones. The lirst metatarsal bone 
articulates with the first cuneiform bone ; the second is deciply wedged in 
betw’een tho first and third ei.aeiform bones, articulating by its base with 
tho second cuneiform bone ; the third articulates with the third cuneiform 
bone ; the fourth, witli the cuboid and third cuncifoini bones ; and the fifth 
with the cuboid bone. The bones arc connected by dorsal, plantar, and inter- 
osseous ligaments. 

The dorsal ligaments are strong, flat bands. The first metatarsal is 
joined to tho first Cuneiform bone by an articular capsule ; llie second has three 
hands, one from each cuneiform l)oii(5 ; the third has one from the third cunei- 
form bone ; the fourth lias one from tho third cuneiform bone and one from 
the cuboid bone ; and tho fifth, olio from the cuboid bone. 

The plantar ligaments consist of longitudinal and oblique bands, disposed 
with less regularity than dorsal ligaments. Those for the first and second 
metatarsal bf)nes aie the strongest ; tho second and third metatarsal bones are 
joined by oblique bands to tho fkst cuneiform bone ; tho fourth and fifth 
metatarsal bones are connected by a fexv fibres to thti cuboid bone. 

The interosseous ligaments are three in number. The first is tho strongest 
and passes from tho lateral surface of th<? first eunciform bone to the adjacent 
angle of the second metatarsal bone. The second connects the third cuneiform 
})one with the adjacent angle of the second metatarsal bone. The third connects 
the lateral angle of the thiid cuneiform bone Avith the adjacent side of the 
base of the third metatarsal bone. 

Movements -The movements permitted between the tarsal and metatarsal 
bones are limited to slight gliding of the bones upon each other. 

Nerve Supply . — ^The intortarsal and iarsomctataisal joints are supplied by the 
deep peronseal nerve. 


IX. INTERMETATARSAL ARTICULATIONS 

The base of tho first metatarsal bone is not connectal with that of the second 
by any ligaments ; in this respect tho great too resembles the thumb. 

The bases of the second, third, fourth, and fifth metatarsal bones are 
connected by dorsal, plantar, and interosseous ligaments. 

The heads of all the metatarsal bones are connected by the transverse 
metatarsal ligament. 
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Ihe dorsal and plantar ligaments pass transversely between the bases 
of the adjacent bones. 

Tho interosseous ligaments consist of strong’ transverse fibres wliieli 
connect the rough non-articular portions of tho adjacent surfaces. 

The transverse metatarsal ligament is a narrow band which runs across 
and connects together the heads of all the metatarsal bones ; it is blended 
anteriorly with the accessiory plantar ligaments of ihe metatarsonhalautreal 
articulations. Its plantar .surface is concave where the flc.vor teidons run 


I'lo. ol4.- Oblique section of left intcrtarsal aiul tarsonnetatarsal artiuulnUous, 
showing tho synovial o.ivitio'?. 



below it ; above it the tcndon.'< of the Inlevossei fjuss (o their iiihcrUoiis. It 
differs from tho transverse molacarjial ligament in that it connects the lirst 
metatarsal to the others. 

Movements. -The movemcnt.s [sinnitted btiu.ea the tarsal ends of the metU' 
tarsal hones are limited to a slight gliding of the; .irticular surfaces one upon 
another. 

The synovial cavities (tig. 514) present in the articulations of tlie tarsus 
and metatarsus arc six in number: out! for the talocalcaneal articulation; a 
.second for the talocalcaneonavicular articulation ; a third for the calcaneo- 
cuboid articulation ; a fourth for the. <mnconaviciilar, intereuuciform, and 
cuiioocuboid articulations, th<j articulations of tho second and third cuneiform 
bones with the bases of the second and third metatarsal hones, and the adjacent 
surfaces of the base of tho second, third, and fourth metatarsal bones ; a fifth 
for the first cuneiform bone with the metatarsal bone of tho great too ; and a 
sixth, for the articulation of the cuboid hone with the fourth and tifth metatarsal 
bones. A small synovial cavity i.s sometimes fo\tnd betweci, the contiguous 
surfaces of the navicular and cuboid bone.^. 
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X. METATARSOPHALANGEAL ARTICULATIONS 

The met^arsophalangt'al articulations are of the condyloid kind, formed' by 
the receptiOh of the rounded heads of the metatarsal bones in shallow cavities 
on the bases of the first phalanges. 

The ligaments are tht? aoecssf)ry plantar and collateral. 

The accessory plantar ligaments (glenoid ligaments of Cruveilhier) arc 
thick, dense, fibrous structures. They are placed on the plantar surfaces of the 
joints in the intervals between the coUateral ligaments, to which they are 
coiniected ; (hey are loosely united to the metatarsal bones, but very firmly 
to the bases of the first phalangt'S. Their plantar surfaces arc intimately 
blended with the transverse metatarsal ligament, and grooved for the flexor 
tendons, the sheaths surrounding which are connected to the sides of the 
gi’ooves ; their deep surfaces form parts of the articular facets for the heads 
of the metatarsal bones. 

The collateral ligaments are tw’o strong, rounded cords, placed on the sides 
of the joints ; each is attached by one end to the posterior tubercle on the 
side of the head of the metatarsal bone, and by the other to the contiguous 
extremity of the phalanx. 

The place of dorml ligawents is supplied by the extensor tendons on the 
dorsal surfaces of the joints. 

Movements. — The movements permitted in the metatarsophalangeal articula- 
tions are flexion, extension, adduction, and abduction. 


XL AimCULATlOXS OF THE DIGITS 

The interphalangoal articulations are ginglymoid joints and each lias a plantar 
and two collateral ligaments. 

The arrangement of the e ligaments is similar to that in the metatarsophalangeal 
articulations : tlie extensor teiwlons supply the places of dorsal ligaments. 

Movements. — The only movements permitted in the joints of the digits are 
flexion and extension ; these movements are more extensive between the first and 
second phalanges than betw^een the second and third. The amount of flexion is very 
considerable, but extension is limited by the plantar and collateral ligaments. 

Applied Anatnniy.^Goui pucnliarly attocts tlic inetatar.sophalangeal joint of the bij; 
toe, beginning with the deposit of sodium and calcium mates in the aiticular cartilages. 
Later the circumarticular fibrous tissue becomes the seat of these gouty deposits, and 
considerable tbi(»lvening aud deformity may re.sult. 

Chronic arthritis w'ith much enlargement of the head of the first metatarsal bone is 
oftt'n i5«.*en, giving rise to stitTness aud ])ain on walking. The condition is termed hallux 
rifjiduSf and if, as fre(|uently liapptiiis, it accompanied by a displacement of the. proximal 
phalanx latemlwavds «jn tlic liea<l r»f tlic n)et.;jitarsal bone, hallux valgus is the resulting 
condition. The lattt?r is conirrionl> associated with the development of a bunion on the 
medial aspect of the thickened metatarsal head, while the second toe becomes contracted 
and deformed and assumes the condition known as hammer toe. Tliis is especially the 
case if the individual has been in the habit of wearing tightly fitting boots, more par- 
ticularly if the medial margin of the solo slopes latoralwards. Tbo hammer too deformity 
consists of an extreme flexion of the proximal interphalangeol joint with a hyper- 
cxtfjnsion of the distal joint, and tlie big toe lies either on the dorsal or plantar aspect of 
the second toe. 

Septic arthritis of the first metatar.sophaliJingeal joint is seen in association with 
perforating ulcer of the foot, not uncommon in diabetes or locomotor ataxia. 

r / Arches ok the Foot 

In order that it may aupjKjrt. the weight of tlie body in the erect posture with the 
least expenditure of material, tlie foot is constructed of a series of arches formed 
by the tarsal and metatarsal bones, and strengthened by the ligaments and tendons 
of the foot. 

The main archH.s arc the anteroposterior arches, which may be regarded as 
dhisible into two types- a medial and a lateral. 

The medial arch (fig. 515) is made up by the calcaneus, the talus, the navicular, 
the three cuneiform, and the first, second, and third metatarsal bones. Its summit 
is at the superior articular surface of the talus, and its two extremities or piers. 



ARCHES OF THE FOOT 


421 


on which it rests in standing, are the tuberosity on the plantar surface of the (*h1- 
caneus posteriorly, and the heads of the first, second, and third metatarsal hones 
anteriorly. The chief characteristic of this arch is its elasticity, due to its height 
and to the number of joints between its component parts. Its weakest part, 
i.e. the part most liable to yield from over-pressure, is the joint between the talus 
and the navicular bone, but this is braced by the plantar calcaneonavicul u* ligament, 
which is elastic and is thus able quickly to restore the arch to its pristine condition^, 
when the disturbing force is removed. This ligament is strengthened medially^ 
by blending with the deltoid ligament of the ankle-joint, and is siipportctl iiiferiorly '' 
by the tendon of the Tibialis posterior. The arcli is further supported by tlie 


Fig. 515. — Skeleton of foot. ^Fodial aspect. 



Fj<j. 516.-~yk»*leton of foot. Lateral aq'^oct. 



plantar aponeurosis, by the small muscles in the sole of tlie foot, by the renduns 
of the Tibialis anterior and Perona^as longus, and by the ligaments of all the 
articulations involved. 

The lateral arch (fig. 51C) is composed of the calcaneus, llie cuboid, ami the 
fourth and fifth metatarsal bones. Its summit is at the talocalcanciil articulation, 
and its chief joint is the calcaneocuboid, which possesses a special meiihanism for 
locldng, and allows only a limited movement. Tlie most marked features of this 
aixjh are its solidity and its alight elevation ; two strong ligani'uits, <he long plantar 
and the plantar calcaneocuboid, together wdtk the extensor tondous and the short 
muscles of the little toe, preserve its integrity. 

While the medial and lateral arches may be readily demonstrated, as the I'om- 
ponent anteroposterior arches of the foot, yet tlie fuiuJa?ncntal longitvdinal arch 
is contributed to by both, and consi.sts of the calcaneus, cuboid, third cuneifoini, 
and third metatarsal bones : all the other bones of tJie foot may be removed without 
destroying this arch. 

In addition to the longitudinal arches the foot presents a seiies of transverse 
arphes. At the posterior part of the metatarsus and the anterior part oC the tarsus 
the arches are complete, but in the middle of the tarsus they present more the. 
characters of half*(fomes the concavities of which are directed downwards and 
medialwards, so that when the medial borders of the feet are placed in apposition a 
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complete tarsal dome is formed. The transverse arches are strengthened by the 
interosseous, plantar, and dorsal ligaments, by the short muscles of the first and fifth 
toes (especially the transverse head of the Adductor hallucis), and by the Peronseus 
longus, whose tendon stretches between the piers of the arches. 

Applied Anatomy . — Ves planiiff or flat-foot is a very cominon deformity due to the 
disappear^n<^^e of the arches of the foot from subsidence dependent on stretching of the 

E lantar liganrients. Fn its early stages before the deformity is marked it is accompanied 
y considerable pain from pressure on the plantar nerves, but wJicu the condition is fully 
formed and the head of the talus has descended completely, the condition is painless but 
irremediable. 

The stretching of the ligaments in this condition is most often due to muscular weak- 
ness in young adults who may have to stand for long periods daily. The deep muscles, 
especially the posti'rior tibial group, by their tonicity arc the most potent in maintaining 
the longitudinal arch, and when overtired they relax and throw the strain on the plantar 
ligaments which yield secondarily. All three posterior tibial muscles are effective in thus 
supporting llu^ longitudinal arch, but perliaps the most important one is the Flexor 
hallucis longus which normally stretches like a bow-string across the whole antero- 
posterior length of tlicj arch. 

The transverse arch subsequently disappears, this having been largely held up by the 
Peronfeus longus. In the treatment of this slaiic form of flat-foot, muscular rest is 
essential in the early stages, as once the ligamentoxis tissues are stretched, they arc unable 
to return to their original condition. 

There arc, however, other forms of flat-foot, viz. the congenital, and the paralytic 
(due to affections of the centres supplying the. post-tibial group of muscle.s) ; those due to 
inflammation of the tarsal joints and those following injuries to the tarsus and metatarsus. 
If in the two latter forms the paticMit put his weight on the foot before thi' Tiorinal condi- 
tion has been fully established, pcs planus is certain to result, and tlu* arclu's will not b< 
capable of restoration subsequently. 

Pcs caviiSf the opposite of pcs planus, is usually due to somo contracture of the 
posterior tibial group in certain affections of the mctlulla spinalis. It is also coinmonh 
scon ill association with talipes equinus or equinovarus, and hero the longitudinal arching 
of the foot is greatly iniToased, with contraction of the plantar aponeurosis which in some 
instances boconios \ery pronounced. 
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rilHE Muscles are connected with the bones, cartilages, ligaments, and skin, 
I either directly, or through the intervention of fibrous structures called 
tendons or aponeuroses. Where a muscle is attached to bone or cartilage, tlu‘ 
fibres end in blunt extremities upon the periosteum or perichondrium, and do 
not come into direct relation with the osseous or cartilaginous tissue. Where 
muscles are connected with the skin, they lie as a fiattened layer beneath it, and 
are united with its areolar tissue by larger or smaller bundles of fibres. 

.Muscles vary in their form. In the limbs, they are of considerable length, 
especially the more superficial ones ; they suiTound the bones, and constitute 
an important protection to the joints. In the trunk, they are broad and 
flattened, and assist in forming the walls of the trunk cavities. Hence the 
reason of the terms, long, broad, short, &c., used in the description of muscles. 

There is considerable variation in the arrangement of the fibres of certain 
muscles with reference to the tendons to which they are attached. In some 
muscles tlie fibres are parallel and run directly from their origin to their 
insertion ; these are quadrilateral muscles, such as the Thyreohyoideus. A 
modification of these is found in the fusiform muscles, in which the fibres are 
not quite parallel, but slightly curved, so that the muscle tapers at either end ; 
in their mode of action, however, they resemble the quadrilateral muscles. 
In other muscles the fibres arise by a broad origin and converge to a narrow or 
pointed insertion ; this arrangement is found in the triangular muscles — e.g. 
the Temporalis, In some muscles, which otherwise would belong to the 
quadrilateral or triangular type, the origin and insertion are not in the sajne 
plane, the piano of the line of origin intersecting that of tlie line of insertion : 
such is the case in the Pectineus. In some muscles (e.g. the Peronsei) the fibres 
are oblique and are attached to one side of a tendtui ; such muscles are termed 
unipennatc. A modification of this condition is found where oblique iibres 
are fixed to both sides of a central tendon ; such muscles are called bipenriate, 
and an example is afforded in tlie Rectus femoris. Mnally, there are muscles 
in which the fibres arc arranged in curved bundles in one oi‘ mure planes, as in 
the Sphincters. The arrangement of the fibres is of considerable importaiu <' 
in respect to the relative strength and range of movement of the muscle. Tho.se 
muscles where the fibres are long and few m number have great range, but 
diminished strength ; where, on the other hand, the fibres are short and moic* 
numerous, there is groat power, but lessened range. 

The names applied to the. vanou.:; muscles have been derived : 1, from their 
situation, as the Tibialis anterior, Tibialis posterior ; 2, from their direction, as the 
Rectus abdominis, Obliqui capitis, Transversus abdominis; 3, from their uses, 
as Hexors, Extensors, Abductors, &c. ; 4, from their shape, as the Deltoidcus, 
Rhomboideus ; 5, from the number of their divisions, as the Biceps, and Triceps ; 
6, from their attachment, as the Sternocieidomasioideii.s, St-eriiohyoideus, 
Sternothyreoideus. 

* The muscles and fascia' are described conjointly, in order that the student may consider 
the arrangement of the latter in his dissection of the former. It is rare for the student of anatomy 
in this country to have the opportunity of dissecting the fascite separately ; and it is for tliis 
reason, as well as from tlie close connexion that exists between the muscles and their investing 
sheaths, that they are considered together. Bomo general observations a?'e first made on the 
anatomy of the muscles and fliiscbo, 9ie special descriptions being given in connexion with the 
different regions. 
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In the description of a muscle, the term origin is meant to imply its more fixed 
or central attachment ; and the term insertion the movable point on which the 
force of the muscle is applied ; but the origin is absolutely fixed in cnly a small 
number of muscles, such as those of the face which are attached by one extremity 
to immovable bones, and by the other to the movable integument ; in the greater 
number, the muscle can be made to act from either extremity. 

In the':iiBsection of the muscles, attention should be directed to the exact origin, 
insertion, and dctions of each, and to its more important relations with surroun^ng 
parts. While accurate knowledge of the points of attachment of the muscles is of 
great importance in determining their actions, it is not to be regarded as conclusive. 
The action of the muscle deduced from its attachments, or even by pulling on it in 
the dead subject, is not necessarily its action in the living. By pulling, for example, 
on the Brachiojadialis in the cadaver the hand may be slightly supinated when in 
the prone position and slightly pronated when in the supine position, but there is no 
evidence that these actions are x)erformed by the muscle during life. It is impossible 
for an individual to throw into action any one muscle ; in other words, movements, 
not muscles, arc represented in the central nervous system. To carry out a move- 
ment a definite combination of muscles is called into play, and the individual has 
no power cither to leave out a muscle from this combination, or to add one to it. 
One (or more) muscle of the combination is the chief moving force ; when this 
muscle passes over more than one joint, other muscles (synergic muscles) come into 
^lay to inhibit the movements not required ; a third set of muscles (fixation muscles) 
fix the limb — i.o. in the case of the limb-movements — and also prevent disturbances 
of the equilibrium of the body generally. As an example, the movement of the 
closing of the fist may be considered : (1) the prime movers are the Flexores digi- 
torum, Flexor pollicis longus, and the small muscles of the thumb ; (2) the synergic 
muscles are the Extensores carpi, which prevent flexion of the wrist ; while (3) tbe 
fixation muscles are the Biceps and Triceps brachii, which steady the elbow and 
shoulder. A further point wluch must be borne in mind in considering the actions 
of muscles is that in certain positions a movement can be effected by gravity, and 
in such a case the muscles acting are the antagonists of those which might bo 
supposed to be in action. Thus in Hexing the trunk when no resistance is interposed 
the Sacrospinales contract < o regulate the action of gravity, and the llecti abdominis 
are relaxed.* 

The minute anatomy of muscular tissue is described on pp. 30 to 31. 

Applied Anatomy, —By a consideration of the actions of the muscles, the surgeon is 
J«ble to explain the causes of displacement in various forms of fracture, and the causi-s 
which produce distortion in various deformities, and, cousequcntl;y , to adopt appropriate 
treatment in each case. The relations, also, of some of the muscles, especially those in 
immediate apposition with the , larger blood-vessels, and the surface markings they pro- 
duce, should be remembered, as they form useful guides in the application of ligatures 
to those vessels. J^egeneration of muscular tissue is important clinically, and is met 
with in two main conditions. In one, the degeneration is myopathic, or primary in the 
muscles themselves; Iti the other it is neuropathic, or secondary to some lesion of the 
nervous system — a hiemorrliagj into the brain, for example, or injury or inflammation 
of some part of the medulla spinalis or peripheral nerves. In either case more or less 
paralysis and atrophy of the affected muscles result. When the degeneration begins 
primarily in the muscles, however, it often liappcns that though the muscle-fibres waste 
awray, their place is taken by fibrous and fatty tissue to such an extent that the affected 
muscles increase in volume, and actually appear to hypertrophy. 

Ossification of muscular tissue as a result of repeated strain or injury is not infre- 
queirt. It is oftencst found about the tendon of the Adductor longus and Vastus 
medialis in horsemen, or in the Pect-oralis major and Deltoideus of soldiers. It may 
take the form of exostoses firmly fixed to the bone — e.g. ‘ rider’s bone ’ on the femur — 
or of layers or spicules of bone lying in the muscles or their fasciae and tendons. ‘ Busse 
states that fclieso bony deposits are preceded by a haemorrhagic myositis due to injury, 
the effused blood organising and being finally converted into bone. In the rarer disease, 
progressive myositis ossificans, there is an unexplained tendency for practically any pi 
the voluntary muscles to become converted into solid and brittle bony masses which 
are completely rigid. 

* Consult in this connexion the Croonian Lectures (1903) on * Muscular Movements and 
their representation in the Central Nervous Hystom,' by Charles £. Beevor, M.l>. 
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TENDONS, APONEUROSES, AND FASCIA 

Tendons are white, glistening cords, varying in length and thickness, and 
devoid of elasticity. They consist almost entirely of white fibrous tissue, the 
fibrils of which have an undulating course parallel with each other and are 
firmly united together. They are very sparingly supplied with blood-vessels, 
the smaller tendons presenting in their interior no trace of them. Nerves 
supplying tendons end in what are known as neurotendinous spindles or organs 
of Golgi ; these are described with the organs of the senses. 

Aponeuroses are flattened or ribbon-shaped tendons, of a pearly-white colo\ir, 
iridescent and glistening ; they are only sparingly supplied with blood-vessels. 

The tendons and aponeuroses connect the muscles with the movable struc- 
tures, such as the bones and cartilages. Wliero the end of a muscle is continued 
directly into a tendon, the line of junction between the two is usually well- 
defined, but where the muscle meets the tendon obliquely, bundles of tendon 
fibres generally run for a variable distance into the substance of the muscle, 
so that the line of junction is irregular. Microscopic examination shows that, 
in either case, the tendon is subdivided into small bundles, corresponding 
in size and number with the fibres of the muscle. Each muscular fibre ends 
in a more or less rounded extremity covered by sarcolcmma, and the fibres of 
each tendon bundle are intimately united wdth the sarcolcmma covering the 
end of the muscular fibre. The mode of union is well shown when the muscle 
fibre has shrunk inside its sarcolemma. 

The fasciae are fibro-areolar or aponeurotic lamina), of variable thickness 
and strength, found in all regions of the body, investing the softer and more 
delicate organs. During the process of development many of the cells of the 
mesoderm are differentiated into bones, muscles, vessels, &c. ; the cells of 
the mesoderm which are not so utilised form an investment for these structures 
and are differentiated into the true skin and the fascia) of the body. The 
fascia) are subdivided into superficial and deep. 

The’ superficial fascia is found immediately beneath the integument over 
almost the entire surface of the body. It connects the skin to tl\o subjacent 
parts, and consists of fibro-areolar tissue, containing in its meshes pellicles 
of fat in varying quantity. It varies, in thickness in different parts of the 
body ; in the groin it is so thick that it may be subdivided into several lamina). 
Beneath the fatty layer there is generally another layer of superficial fascia, 
almost devoid of adipose tissue, in which the trunks of the subcutaneous vessels 
and nerves and the superficial lymph-glands are found. Certain cutaneous 
muscles are situated in the superficial fascia, o.g. the Platysma and the muscles 
of the face. The superficial fascia is most distinct at the lower part of the 
abdomen, porinseum, and extremities ; it is very tliin in those regions where 
muscular fibres are inserted into the integument, as on the side of the neck, 
in the face, and around the anus. It is very dense in the scalp, palms of the 
hands, and soles of the feet, forming a fibrofatty layer, which binds the integu- 
ment firmly to the underlying structures. It facilitates the movement of 
the skin, serves as a soft nidus for the passage of vessels and nerves to the 
skin, and retains the warmth of the body, since the fat contained in its ai*o()l£e 
is a bad conductor of heat. 

The deep fascia is a dense, inelastic membrane, forming sheaths for the 
muscles, and in some cases affording them broad surface's for attachment. 
It consists of shining tendinous fibres, placed parallel with one another, and 
copnec^ together by other fibres disposed in a rectilinear niamier. It forms 
a strong investment which not only binds down collectively the muscles in each 
region, but gives a separate sheath to each, as well as- to the vessels and nerves. 
It assists the muscles in their actions by the degree of tension and pressure 
it makes upon their surfaces ; in certain situations the degree of tension and 
pressure is regulated by muscles, as, for instance, by the Tensor fasci© latie 
and Glutesus maximus in the thigh, and the Palmaris longus in the hand, hi 
the limbs, the fascia not only invests the limb, but gives off septa which separate 
the various muscles, and are attached to the periosteum : these prolongations 
of fascias are usually s^ken of as intermuscular septa. 

The foscifis and muscles may be grouped into those of the head and neck ; 
of the trunk; of the upper extremity ; and of the lower extremity. 
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' FASCIi^R AND MUSCLES OF THE HEAD 

I. Thk Muscle or the Scalp 
Epicranius 

The superficial fascia in the cranial region is a firm, fibrofatty layer, 
intimately adherent to the integument, and to the Epicranius and its tendinous 
aponeurosis ; behind, it is continuous with the superficial fascia at the back of 
the neck : laterally, is prolonged over the temporal fascia. 


Fig. 517. — Muscles of the head, face, and neck. 



The Epicranius (Occipitofrontalis) (fig. i>17) is a broad, musculofibrous 
layer, which covers the whole of one side of the vertex of the skull, from the 
occipital bone to the eyebrow. It consists of two parts, the Occipitalis and 
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the FrontaliS; connected by an intervening tendinous aponeurosis, the galea 
aponeurotica. 

The Occipitalis, thin and quadrilateral in form, arises by tendinous fibres 
from the lateral two-thirds of the superior nuchal line of the occipital bone, and 
from the mastoid part of the temporal. It ends in the galea aponeurotica. 

The Frontalis is thin, of a quadrilateral form, and intimately adherent to the 
superficial fascia. It is broader than the Occipitalis and its fibres are longer and 
paler in colour. It has no bony attachments. Its medial fibres arc continuous 
with those of the Procerus ; its intermediate fibres blend with the Corrugator 
and Orbicularis oculi ; and its lateral fibres are also blended with the latter 
muscle over the zygomatic process of the frontal bone. From these attachments 
the fibres are directed upwards, and join the galea aponeurotica below the 
coronal suture. The medial margins of the Frontales are joined together for 
some distance above the root of the nose ; but between the Occipitales there is 
a considerable, though variable, interval, occupied by the galea aponeurotica. 

The galea aponeurotica (epicranial aponeurosis) covers the upper part 
of the cranium ; behind, it is attached, in the interval between the Occipitales, 
to the external occipital protuberance and highest nuchal lines of the occipital 
bone ; in front, it forma a short and narrow prolongation between the Frontales. 
On either side it gives origin to the Auriculares anterior and superior ; in this 
situation it loses its aponeurotic character, and is continued over the temporal 
fascia to the zygomatic arch. It is closely united to the integument by the 
firm, fibrofatty superficial fascia : it is connected to the pericranium by loose 
cellular tissue, which allows of the movement of the aponeuiosis, the latter 
caiTying with it the integument. 

Nerves. — The Occipitalis is supplied by the posterior auricular branch of the 
fatial nerve, and the Frontalis by the temporal branches of the same nerve. 

Actions. — The Occipitales draw the scalp backwards ; the Frontales raise the 
eyebrows and the skin over the root of the nose, and at the same time draw the 
scalp forwards, throwing the integument of the forehead into transverse wTinkles. 
By bringing alternately into action the Occipitales and Frontales the entire scalp 
may be moved backwards and forwards. In the ordinary action of the Frontales, 
the eyebrows are elevated, thus giving to the face the expression of surprise : if 
tlic actiou be exaggerated, the eyebrows are still further raised, and the skin of 
the forehead thrown into transverse wrinkles, as in the expression of fright or 
horror. 

A thin muscular slip, the Tramversus wuchw, is present iji about 25 per cent, of 
cases ; it arises from the external occipital protuberance or from the superior 
nuchal line, either superficial or deep to the Trapezius ; it is frequently inserted 
with the Auricularis j)osterior, but may join the posterior edge of the Hteniocleido- 
nuistoideus. 

Applied Anatomy, — From an anatomical point of view’, th(5 scalp consists of five 
layers, viz. tho skin, subcutaneous tissue, Epic ranius uiul its ai^oneurosis, subaponeurotic 
connective tissue, and pericranium. But from a surgical standpoint it is better to 
regard the lirat three of these structures as a single layer, since they arc all intimately 
fused together, and when torn off in an accident, or turned down as a flap bi a surgical 
operation, remain firmly connected to each other. In consequence of tlie dense character 
of the subcutaneous tissue, the amount of swelling which occurs as the result of inflam- 
mation is slight; and the edges of a wound wliieli does n()t involve the Epicranius or 
its aponeurosis do not gape. The blood-vessels, also, w'hich lie in this tissue, when 
wounded, do not contract and retract freely; and therefore tbt^ haiinorrbago from scalp 
wounds is often very considerable, but cau ahvays bo arrested by pressure — a matter 
of great importance, ns it is often very difficult or impossible to pick up with forceps a 
wounded vessel in the scalp. 

The subaponeurotic connective tissue is, from a surgical point of view, of considerable 
importance. It is loose and lax, and is easily torn through ; and hence, wdieu the scalp 
is wotinded, this is the tissue which is tom when the flap is separated from the parts 
beneath. The vessels are contained in the flap, and there is little risk of sloughing, 
unless the vitality of the part has been actually destroyed by the injury. In consequence 
of the loose nature of the subaponeurotic tissue, any septic inflammation is apt to assume 
a very diffuse form and spread over the skull, and, unless relieved by flmely incisions, 
may lead to serious complioatious. Owing to the attachments of the aponeurosis to tlie 
zygomatic arch and highest nuchal line, subaponeurotic effusions sag down in these 
situations, but do not extend beyond to the infratemporal fossa, or into the neck; 
anteriorly, however, where there is no definite attachment to bone, the effusion will pass 
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down over the nose, ?iiid into the eyelids. When making incisions into the scalp, care 
should be taken to avoid the course of the main arteries. 

The skin of the scalp is abundantly supplied w^ith sebaceous and sudoriferous glands. 
The former are sometimes the seat of cystic enlargement, constituting the so-called 
sebaceous rysU or 


II. Muscles of the Eyeuds 

Levator palpebrne superioris. Orbicularis oculi. Corrugator. 

The Levator palpebras superioris is described with the anatomy of the eye. 

The Orbicularis oculi (figs. 517, 518) is a broad, fiat elliptical muscle, which 
occupies the eyelids or palpebrfB. surrounds the circumference of the orbit, 
and spreads over the temple, and downwards on the cheek. It consists of 
three parts, palpebral, orbital, and laerimaJ. The 7>a7pe6ra? 'portion of the 
muscle is thin and pale ; it arises from the bifurcation of the medial palpebral 


Fui. 518. — Left Orbicularis oculi. From behind. 
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ligament, forms a series of concentric curves, and is inserted jpto'the^jbitera] 
pmpebral raphe ; a small bun<Ue lies in the margin of the eyeilute behind the 
eyelashes and is termed the ciUatu Imndl e or miiac le of . The orbikU 

portion, thicker and of a reddish c(dour, anses from tiie nasalpa^ the frtmfai 
bone, from the frontal process of, the maxilla antex^rly td the laorinial groove, 
from the anterior surface and borders of thb media} patoi^r^ ligam^t. 
Its fibres form complete ellipses -withoiit iuterruptima at the palpebral 

cconmissure, the. upper fibres blendi^ the iEVontalis abd Corrugatbr. 
The lacrimal part, (Tensor t^)..lie8 behind medial palpebral Ugam^t luid 
lacnmal sac (fig. 5lS). It! ar'isse from the pdsterkw exeat and adiaioent 
of the lateral surface of the'laerimal bone, and passting behind the lampiiaj 
sac, divides into two slips, upper and lower ; some cf the fibres p£ these (bps 
are insmted into the superior and infeiiDr .tarsi and. are cjpsmy related to 
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the lacrimal ducts, but the majority are dkectly continuous with the palpebral 
part of the miiscle and can be traced across the lids. 

The m^M palpebral ligament (ifa&dp,iO!CH^), about 4 mm. in length and 2 mm. 
in breadth, is attached to the frontal process of the maxilla in front of the 
lacrimal groove. Crossing the lacrimal sac, it divides into two parts, upper and 
lower, each attached to the medial end of the corresponding tarsus. As the 
ligament crosses the lacrimal sac, an aponeurotic lamina is given off from 
its posterior surface ; this expands over the sac, and is attached to the posterior 
lacrimal crest. 

The lateral palpebral raphe is a much weaker structure than the medial 
palpebral ligament. It is attached to the margin of the froritosphenoidal 
process of the zygomatic bone, and passes medialwards to the lateral commissure 
of the eyelids, where it divides into two slips, which are fixed to the margins of 
the respective tarsi. 

The Corrugator is a small pyramidal muscle, placed at the medial end 
of the eyebrow, beneath the Frontalis and Orbicularis oculi. It arises from 
the medial end of the superciliary arch ; and its fibres pass upw’ards and 
lateral wards, between the palpebral and orbital portions of the Orbicularis 
oculi, and are inserted into the deep surface of the skin, above the middle of 
the orbital arch. 

Nerves. — The Orbicularis oculi and CWrugator are supplied by the facial 
nerve. 

Actions. — The Orbicularis oculi is the sphincter muscle of the eyelids. The 
palpebral portion acts involuntarily, closing the lids gently, as in sleep or in blinking ; 
the orbital portion is subject to the will. When the entii*e muscle is brought into 
action, the sldn of the forehead, temjde, and check is drawn towards the medial 
angle of the orbit, and the eyelids are firmly closed. Tlie skin thus drawn upon is 
thro^vn into folds, especially radiating from the lateral angle of the eyelids ; these 
folds becom(%> permanent in old age, and form the so-called ‘crow’s feet.’ The 
Levator palpebrse snperioria is the direct antagonist of this muscle since it raises 
the upper eyelid and exposes the front of the bulb of the eye. The lacrimal part 
of the Orbicularis oculi draws the eyelids and the ends of the lacrimal canals 
medialwards, and applies them to the surface of the bulb of the eye, thus placing 
them in the most favourable situation for receiving the tears ; it also compresses 
the lacrimal sac. The Corrugator draws the eyebrow downwards and medialwards, 
producing the vertical wrinides of the forehead. It is the ‘ frowning ’ muscle, and 
may be regarded as the principal muscle in the expression of suffering. 


HI. MUSCU.E.S 03^’ THK NoSE (fig. 517) 

Procerus. Depressor septi. 

Nasalis. Dilatator naris i-iosterior. 

Dilatator naris anterior. 

The Procerus (Pyramidalis nasi) is a small pyramidal slip arising by 
tendinous fibres from the fascia covering the lower part of the nasal bone and 
upper part of the lateral nasal cartilage ; it is inserted into the skin over the 
lower part of the forehead between the two eyebrows, its fibres decussating 
with those of the Frontalis. 

The^ Nasalis (Compressor naris) consists of tw^o pails, transverse and alar. 
The tfanaverse part arises from the maxilla, above and laterally to the incisive 
fossa ; its ftbr^ proceed upwards^ and medialwards, expanding into a thin 
aponeurosis Is continuous on the bridge of the nose with that of the 

muscle of the opposite side, and with the aponeurosis of the Procerus. The 
dlnr part is^ttached by one end to the greater alar cartilage, and by the other 
to the integument ^t the apex of the nose. 

The Pepre$Sl^r septi arises from the incisive fossa of the luaiilla ; its 
fibres ascend to be inserted into the septum and back part^of the ala of the 
nose. It lies between the mucous membrane and muscular structure of 
the Up. 

The Dilatator naris posterior is placed partly beneath the Quadratus 
labii sup^oris. It arises irom the margin of the nasal notch of the maxilla^ 



430 MYOLOGY 

and from the lesser alar cartilages, and is inserted into the skin near the margin 
of the nostril. 

The Dilatator naris anterior is a delicate fasciculus, passing from the 
^eater alar cartilage to the integument near the margin of the nostril ; it is 
situated in front of the preceding. 

Nerwsi — All the muscles of this group are supplied by the facial nerve. 

Actions. — The Procerus draws down the medial angles of the eyebrows and 
produces transverse wrinkles over the bridge of the nose. The Dilatatores enlarge 
the apertures of the narcs. Their action in ordinary breathing is to resist the 
tendency of llie nares to close from atmospheric pressure, but in difficult breathing, 
as well as in some emotions, such as anger, they contract strongly. The Depressor 
septi is a direct antagonist of the other muscles of the nose, drawing the ala of the 
nose downwards, and thereby constricting the apertures of the nares. The Nasalis 
depresses the cartilaginous part of the nose and draws the ala towards the septum. 


IV. Muscles ov the Mouth 

Quadratus labii superioris. Quadratus labii inferioris. 

Caninus. Triangularis. 

Zygomaticus Buccinator. 

MentaUs. Orbicularis oris. 

Risorius. 

The Quadratus labii superioris is a broad sheet, the origin of which 
extends from the side of the nose to the zygomatic bone. Its medial libros 
form the angular head, which arises by a pointed extremity from the upper 
part of the frontal process of the maxilla, and passing obliquely downwards 
and latcralwards divides into two slips. One of these is inserted into tin*- 
greater alar cartilage and skin of the nose ; the other is prolonged into the 
lateral part of the upper lip, blending with the infraorbital head and with 
the Orbicularis oris. The intermediate portion or infraorbital head arises 
from the lower margin of the orbit immediately above the infraorbital foramen, 
some of its fibres being attached to the maxilla, others to the zygomatic bone. 
Its fibres c;onv<^rgo, to be inserted into the nuisculai* substance of the upper 
lip between the angular head and the Caninus. The lateral fibres form the 
zygonwtic head, and are separated from the rest of the muscle by a narrow 
interval ; they arise from the malar surface of the zygomatic bone immediately 
behind the zygomaticomaxillary suture and pass downwards and medialwards 
to the uppei* lip. 

The Caninus (levator anguli oris) arises from the canine fossa, immediately 
below the infraorbital foramen ; its fibres are inserted into the angle of the 
mouth, intermingling with those of the Zygomaticus, Triangularis, and Orbi- 
<?ularis oris. 

The Zygomaticus arises from the zygomatic bone, in front of the zygo- 
maticotemporal suture, and descending obliquely with a medial inclination, 
is inserted into the angle of the mouth, where it blends with the fibres of the 
(.'aninus, Orbicularis oris, and Triangularis. 

The Mentalis (Levator menii) is a conical fasciculus, situated at the side 
<3f the frenulum of the lower lip. 1 1 arises from the incisive fossa of the mandible, 
and descends to be inserted into the integument of the chin. 

The Quadratus labii inferioris is a quadrilateral muscle. It arises 
fronj the oblique line of the mandible, between the symphysis and the mental 
foramen, and jiasscs upwards and medialwards, to be inserted into the integu- 
ment of the -lower lip, its fibres blending with the Orbicularis oris, and with 
those of its fellow of the opposite side. At its origin it is continuoios with the 
fibres of the Platysrna. Much yellow fat is intermingled with the fibres of 
this muscle. 

The Triangularis (Depressor anguli oris) arises from the oblique line of 
the mandible below and lateral to tne Quadratus labii inferioris ; its fibres 
converge and are inserted by a narrow fasciculus into the angle of the mbuth. 
At its origin it is continuous with the Platysrna, and at its insertion with the 
Orbicularis oris and Risorius ; some of its fibres are directly continuous with 



MUSCLES OF THE MOUTH 


431 


those of the Caninus, and others are occasionally found crossing from the 
muscle of one side to that of the other ; these latter fibres constitute the 
Transversus menti. 

The Buccinator (fig. 519) is a thin quadrilateral muscle, occupying the 
interval between the maxilla and the mandible at the side of the face. It arises 
from the outer surfaces of the alveolar processes of the maxilla and mandible, 
corresponding to the three molar teeth ; and behind, from the anterior border 
of the pterygomandibular raphe which separates it from the Constrictor 
pharyngis simerior. The fibres converge towards the angle of the mouth, where 
the central fubres intersect each other, those from below being continuous with 
the upper segment of the Orbicularis oris, and those from above with the 
lower segment ; the highest and lowest fibres are continued forward into 
the corresponding lip without decussation. 

Relations'. —The Buccinator is voted by the Ijuc t opliaryngeal fascia, and is in 
relation by its superficial surface ^ behind, with a large mass of fat, which separates it 
from the ramus of the mandible, the Massoter, and a small portion of the Temporalis; 
this fat has been named the sueforial pad, because it is supposed to assist in the act 
of sucking. Tn front the superficial surface of the Buccinator is in relation with the 
Zygoniaticus, Bisorius, Caninus, Triangu laris, and the jtarotid duct which pierces it 
opposite the second molar tooth of the maxilla; the external maxillary artery and 
anterior facial vein cross it from below upwards; it is also crossed by branches of 
the facial and buccinator nerves. The deep surface is in rolafion with the buccnl glands 
and mucous membrane of the mouth. 

The' pterygornandilmlar raphe, is a iendinous band of the buccopharyngeal 
fascia, attached by one extremity to the hamulus of the medial pterygoid lamina, 
and by the other to the posterior end 
of the mylohyoid line of the mandible. 

Its medial surface is covered by the 
mucous membrane of the mouth. Its 
lateral surface is separated from the 
ramus of the mandible by a quantity 
of adipose tissue. Its posterior border 
gives attachment to the Constrictor 
pharyngis superior ; its anterior border 
to part of the Buccinator (fig. 519). 

The Orbicularis oris (figs. 517, 

520) is not a simple sphincter muscle 
like the Orbicularis oculi ; it consists 
of numerous strata of muscular fibres 
surrounding the orifice of the mouth 
but having different directions. It 
consists partly of fibres derived from 
the other facial muscles which are 
inserted into the lips, and partly of 
fibres proper to the lips. Of the former, 
a considerable number are derived 
from the Buccinator, and form the 
deeper stratum of the Orbicularis. 

Some of the Buccinator fibres — ^namely, 
those near the middle of the muscle- - 
decussate at the angle of the mouth, 
those arising from the maxilla passing 
to the lower lip, and those from the 
mandible to the upper lip. The upper- 
most and lowermost fibres of the 
Buccinator pass across the lips from 
side to side without decussation. Super- 
ficial to this is a second stratum, formed 
on either side by the Canirms and Triangularis, which cross each other at the 
angle of the mouth ; the fibres from the Caninus pass to the lower lip, and those 
from the Triangularis to the upper lip, along which they run, to be inserted 
into the skin near the median line. In addition to these there are fibres from 
the Qiiadratus labii superioris, the Zygomatious, and the Quadratus labii 


Fu ;>10. — Muscles of the pharynx 
MTid cheek. 
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inferioris ; these intermingle with the transverse fibres described .^jibove, and 
have i)rincipally an oblique direction. The proper fibres of the Ups are oblique, 
and pass from the deep surface of the skin to the mucous membrane, throu^ 
the thickness, of the lip. Finally there are fibres by ‘which the mulscle is 
connected #'ith the maxillae and the septum of the nose above and with the 
mandible Below. In the upper lip these consist of two bands, lateral and 
medial, on either side of the middle Uno ; the lateral band (m. vneiawus labii 
mperioria) arises from the alveolar border of the maxilla, opposite the lateral 
incisor tooth, and arching lateralwards is continuous with the other muscles 
at the angle of the mouth ; the medial band (m. nasolabialia) connects th^ 
upper lip to the back of the septum of the nose. The interval between the two 
medial bands corresponds with the depression, called the philtrum, seen on the 
lip beneath the septum of the nose. The additional fibres for the lower lip 
constitute a slip (m. incisima labii inferioris) on either side of the middle line ; 
this arises fron) the mandible, laterally to the Mentalis, and intermingles with 
the other muscles at the angle of the m6uth. 

The Risorius arises from the parotideomasseteric fascia and is inserted 
into the skin at the angle of the mouth (fig. 517). It is a narrow bundle of 
fibres, broadest at its origin, but varies much in its size and form. 

Nerves. — The muscles in this group are all supplied by the facial nerve. 

Actions. — The Quadratus labii superioris raises the upper lip, and at the same 
time carries it a little forwards. Its angular head also acts as a dilatator of +]ie 

nares ; the infraorbital and zygo- 
Fig. 520. — Scheme showing arrangement of matic heads assist in forming the 

fibres of Orbicularis oris. nasolabial furrow, which passes 

from the side of the nose to the 


lATOR 










/ \ upper lip and gives to the face an 

r I expression of sadness. When tlic 

caninus whole muscle is in action it gives to 
I countenance an expression of 

. haso A j contempt and disdain. The Caninus 

\ T • raises the angle of the mouth and 

, < I assists the Quadratus labii superioris 

r in producing the nasolabial furrow. 

8ucciNATOR^;>* ^ Tlio Zygomaticiis draws the angle 

of the mouth backwards and uV 
I T I wards, as ill laughing. The Mentalis 

\ / raises and protrudes the lower lip, 

f and at the same time wrinkles thi^ 
triangularis skin of the chin, expressing doimt 
or disdain. The Quadratus Ijpii 
inferioris draws the lower lip directly downw^ards and a little lateralwards, as iirthe 
expression of irony. The Triangularis depresses the angle of the mouth, being 
the antagonist of the Caninus and Zygomaticus ; acting with the Caninus, it will 
draw the angle of the mouth medialwards. The Orbicularis oris in its ordinary 
action effects the direct closure of the lips ; by its deep, assisted by the oblique fibres, 
it closely applies the lips to the alveolar arches. The superficial part, consisting 
principally of the decussating fibres, brings the lips together and protrudes 
them. The Buccinators compress the cheeks, so that, during the procoss of 
mastication, the food is kept under the immediate pressure of the teeth. When 
the cheeks have been previously distended with air, the Buccinator muscles expel 
it from between the lips, as in blowing a trumpet the name,J[&U(^tuXy.a 
trumpet). The Risorius retracts the an^e of the mourn, and produces an unpleasant 
grinmng expression. ^ , 


V. Muscles of Masticatiok 


Massctcr. Pterygoideus extemus. 

Temporalis. Pterygoideus intemus; 


Covering the Masseter, and firmly connei^tied':^^ 
fascia derived from the fascia colli and ham^;ibe j 
It is attached to tfce lower border of the zwomatlc arol 
gland (p. 436). 


itj IS a Btipttg 'layer of 
arotideoi^ietem fascia, 

« . .... ..* 1 . ' i. ■* 
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The Mdsseter (fig. 517) is a quadrilateral muscle, consisting of^wo portions, 
superiicial>and deep. The superficial portion, the larger, arises by a thick 
aponeurosis from the zygomatic process of the maxilla, and from the anterior 
two-thirds of the lower border of the zygomatic arch ; its fibres pass down- 
wards and backwards, to be inserted into the angle and lower half of the lateral 
surface of the ramus of the mandible. The deep portion is much smaller and 
is partly concealed by the superficial portion ; it arises from the posterior 
third of the lower border and from the whole of the medial surface of the zygo- 
matic arch ; its fibres pass downwards and forwards, to be inserted into the 
lateral surfaces of the coronoid process and the upper half of the ramus of 
the mandible. 

Relations. — Superficially to the muscle arc the iutrginiieut, the Platysma, the llisorius, 
the Zygomaticus, and the parotid gland; the parotid duct, the branches of the facial 
nerve and the transverse facial vessels cross the muscle. The deep surface is in relation 
with the insertion of the Temporalis and the ramus of the mandible; a mass of fat 
separates it from the Buccinator muscle and nerve. The masseteric nerve and artfry 
enter the muscle on its deep surface. The poaierior margin is overlapped by the parotid 
* gland ; the anterior projects over the Buccinator and is crossed below by the anterior 
facial vein. 

The temporal fascia covers the Temporalis, it is a strong, fibrous invest- 
ment, covered, lateralty, by the Auriculares anterior and superior, galea aponcuro- 
ticji, and part of the" Orbicularis oculi. The superficial temporal vessels and 
the auriculotemporal nerve cross it from below^ upwards. Above, it is a single 

Fjo. 521. — The Tv'iiiponilis; the zygomatic nveh aTul Massi'tcr have hi'i ii nMnoved. 
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apex, and anterior border of the coronoid process, and the anterior border of 
the ramus of the mandible nearly as far forwards as the last molar tooth. 

Relations. — Superficially to the muscle arc the skin, the Aurioulares anterior and 
superior, the temporal fascia, the superficial temporal vessels, the auriculotemporal nerve, 
the tempo^g^l branches of the facial nerve, the zygomaticotemporal nerve, the galea 
aponeurofirfa, the zygomatic arch, and the Masseter. The deep surface is in relation 
with the temporal fossa, the'. Ptorygoideus extomus and part of the Buccinator, the in- 
ternal maxillary artery and its deep temporal branches, the. deep temporal nerves, and 
the buccinator vessels and nerve. Behind the tendon of the muscle are the masseteric 
vessels and nerve. I’lio anterior border is separated from the zygomatic hono by a mass 
of fat. 

The Pterygoideus externus (fig. 622) is a short, thick, muscle, somewhat 
conical in form. It arises by two heads : an upper from the lower part of the 
lateral surface of the great wing of the sphenoid and from the infratemporal 
crest ; and a lou)er from the lateral surface of the lateral pterygoid lamina. 

Fui. ;'52‘2. — 'riic Pti‘r\goidoi ; the zygomatic arcli and a portion of the ramus 
of the inandihle havi' been n‘nu»vo(l. 



Its fibres x>ass horizontally backwards and latcralwards, to bo inserted into a 
depression (pterygoid fovea) on the front of thcj neck of the condyle of the 
mandible, and into the anterior margin of the articular disc of the temporo- 
mandibular articulation. 

it 

Relations — its superficial surface is in relation with the ramus of the mandible, 
the internal maxillary artery, ^vhich crosses it,* tlic tendon of the Temporalis, and the 
Masseter. Its deep surface rests against the upper part of the Pterygoideus internus, the 
splienomandibular ligament, tljc middle meningeal artery, and the mandibular nerve; its 
upper border is in r(3lation witli the temporal and masseteric branches of the mandibular 
nerve; its loivcr border with tin? Ungual and inferior alveolar nerves. The buccinator 
nerve and the internal maxillar> artery pass between the heads of the muscle. 

The Pterygoideus internus (fig. 622), a thick, quadrilateral muscle, 
arises from the medial surface of the lateral pterygoid lamina aiid the grooved 
surface of the pyramidal process of the palatine bone ; it has a second slip of 
Srfgin from the lateral simaces of the pyramidal process of the palatine and 
tutorosity of the maxilla. Its fibres pass downwards, lateralwardB, and back- 
wards, and are inserted, by a strong tendinous lamina, into the lowel^ and 
back part of the medial surfaci^s of the ramus and angle of tho^jaiandible, as 
high a? the mandibular foramen. 

* In many aasea the artery ties 4^ .to thamascle. 
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Relations. — ^The lateral surface of the muscle is. in relation with the ramus of the 
mandible, from which it is separated, at its upper part, by the Pterygoidcus extemus, the 
sphenomandibular ligament, the internal maxillary artery, the inferior alveolar vessels 
and nerve, the lingual nerve, and a' process of the parotid gland. The medial surface is 
in relation with the Tensor veli palatini, and is separated from the Constrictor pharyngis 
superior by some areolar tissue. 

Nerves. - -The muscles of mastication are supplied by the mandibular nerve. 

Actions. — The Temporalis, Masseter, and Pterygoideus internus raise the 
mandible against the maidllse with great force. The Pterygoideus oxternus assists 
in opening the mouth by pulling forwards the condyle of the mandible and the 
aiiticiilar disc, at the same time that the body of the mandible is depressed ; but 
its main action is to protrude the mandible so that the inferior incisors are pro- 
jected in front of the upper ; in this action it Ls assisted by the Pterygoideus internus. 
The mandible is retracted by the posterior fibres of the Temporalis. If the Ptery- 
goidei of one side act, the corresponding side of the mandible is drawn forward, 
while the opposite condyle remains comparatively fixed, and side-to-side movements, 
such as occur during the trituration of food, take place. 


FASCIiE AND MUSCLES OF THE ANTEROLATERAL REGION 

OP THE NECK 

The anterolateral muscles of the neck may bo arranged into the follow'^ing 
groups : 

I . Superficial and lateral cervical. 111. Anterior vertebral. 

II. Supra- and infra-hyoid. IV. Lateral vertebral. 

Tlie superficial fascia of the neck is a thin lamina investing the Platysma. 
and is hardly demonstrable as a separate membrane. 

The fascia colli (deep cervical fascia) (fig. 523) lies under cover of th(' 
Platysma, and invests the muscles of the neck ; it also forms sheaths for the 
ciirotid vessels, and for the structures situated in front of the vertebral column. 

The investing portion of the fascia is attached behind to the ligamentum 
nuchaj and to the spinous process of the seventh cervical vertebra. It forms 
a thin investment for the Trapezius, and from the anterior border of this muscle 
is continued forwards as a rather loose areolar layer, covering the posterior 
triangle of the neck, to the posterior border of the Stomocleidomastoideus, 
where it begins to assume the appearance of a fascial membrane. Along the 
hinder edge of the Stemocleidomastoideus it divides to enclose the muscle, and 
at the anterior margin again forms a single lamella, which covers the anterior 
triangle of the neck, and reaches forwards to the middle line, where it is con- 
tinuous with the corresponding part from the opposite side of the neck. In 
the middle line of the neck it is fixed to the symphysis menti and the body of 
the hyoid bone. 

Above, the fascia is attached to the superior nuchal lino of the occipital bone, 
to the mastoid process of the temporal bone, and to the whole length of the 
inferior border of the body of the mandible. Opposite the angle of the mandible 
it is very strong, and binds the anterior edge of the Stexmoclcidomastoideus 
firmly to that bone. Between the mandible and the mastoid process it en- 
sheathes the parotid gland — ^the layer which covers the gland extends upwards 
under the name of the parotideomasseteric fascia and is fixed to the zygomatic 
arch. From the part which passes under the parotid gland a strong band 
ascends to the styloid process, forming the stylormndibular ligament (p. 347). 
Two other bands may be defined : the sphenomandibular (p. 347) and the 
pterygospinous ligvmerds. The pterygospinous ligament stretches from the 
upper part of the posterior border of the lateral pterygoid lamina to the spinous 
process of the sphenoid. It occasionally ossifies, and in such cases, between 
its upper border and the base of the skull, a foramen is formed which transmits 
the branches^f the mandibular nerve to the muscles of mastication. 

Below, the fasoia is attached to the acromion, the clavicle, and the manu- 
brium sterni. Some little distaJEiee above the last, it splits into a superficial and 
a deep layer. The formea? to attached to the anterior border of the manubrium 
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the latter to its posterior border and td the interclavicillar ligament. Between 
these two layers is a slit-like interval, the aupmaterml apace, or ajmce of 
Burns ; it contains a small quantity of areolar tissue, the lower portions of 
the anterior jugular veins and their transverse connecting branch, the sternal 
heads of tjj^ternocleidomastoidei, and sometimes a lymph-gland, 
i The fascia which lines the deep surface of the Stemocleidomastoideus gives 
off the following processes : (1) A process envelops the tendon of the Omo- 


Fig. 523. — Set;tion <^f the neck at about the level of the Sixth cervical vertebra, 
showing the arrangement of the fascia colli. 


Omohyoidcus 
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hyoideus, and binds it down to the stemam and lurpt costal cartilhge. (2) The 
caro^ sheath encloses the carotid artery, internal jugular vein, atid yagos nerve. 
(8) The prevertarol fascia extends medialwards behind tlie cwotid vesstJs! 
where it assists in forming their sheath, and passes in fr<mt of the prevertebral 
museles. It forms the posterior wall of a fibrons comp^ment which contains 
the larynx and trachea, the thyreoid gland, and the pliarynx and cesophagus! 
The prevertebral fascia is fixed above to the base of the skull, and befow is 
continued into the thorax in front of the Ixmgus coQi muscles. raeaUel to the 
carotid sheath and alrnie its medial aspect the prevertebral faeoi^ gives off a 
thin lamina, the bmeophmyi^i&a fascia, 'whieh\.5®s<^ Mveets the Consmetor 
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muscles of the pharjmx, e>nd is continued forward from the Constrictor pharyngis 
superior on to the Buccinator. It is attached to the prevertebral layer by 
loose connective tissue only, and thus an easily distended space, the reiropharyn- 
geal space, is found between them. This space is limited above by the base of 
the skull ; below it extends behind the (esophagus into the posterior mediastinal 
cavity of the thorax. The prevertebral fascia is prolonged downwards an(l 
later^wards behind the carotid vessels and in front of the Scaleni, and forms & 
sheath for the brachial nerves and subclavian vessels in the posterior triangle 
of the neck ; it is continued under the clavicle as the axilla^ sheath and is 
attached to the deep surface of the coraccx^lavicular fascia. Immediately 
above and behind the clavicle an areolar space exists between the investing 
layer and the sheath of the subclavian vessels, and in this space are found the 
lower part of the external jugular vein, the supraclavicular nerves, the trans- 
verse scapular and transverse cervical vessels, and the inferior belly of the 
Omohyoiaeus muscle. This space is limited below by the fusion of the coraco- 
clavicular fascia with the anterior waU of the axillary sheath. (4) The pre- 
tracheal fascia extends medialwards in front of the carotid vessels, and assists 
in forming the carotid sheath. It is continued behind the infrahyoid muscles, 
and, after enveloping the thyreoid gland, is prolonged in front of the trachea 
to meet the corresponding layer of me opposite side. Above, it is fixed to the 
hyoid bone, while below, it is carried downwards in front of the trachea and 
large vessels at the root of the neck, and ultimately blends ^vith the fibrous 
pericardium. This layer is fused on either side with the prevertebral fascia, 
and with it completes the compartment containing the larynx and trachea, 
the thyreoid gland, and the pharynx and oesophagus.* 

Applied Anatomy, — The fascia colli (deep cervical fascia) is of considerable iuipor- 
tanco fi’om a surgical point of. view. The investing layer opposes the extension of 
abscesses towards the surface, and pus forming beneath it has a tendency to extend 
latcralwards. If the pus be contained in the anterior triangle, it may find its way iuto 
the anterior mediastinal cavity, in front of the pretracheal layer of fascia; but owing to 
the thinness of the fascia in this situation it more frequently finds its way to the surface 
and points above the sternum. Pus forming under (‘over of the pretracheal layer would 
ill all probability find its way into the posterior mediastinal cavity. Pus forming behind 
the prevertebrai layer, in cases, foi; instance, of caries of the bodies of the cervical 
vertebric, may (3xteud toivards the lateral part of the neck and point in the posterior 
triangle, or may perforate this layer of fascia and the buccopharyngeal fascia and point 
into the pharynx (retropharyngeal abscess). 

In cases of cut throat, wiien the wound involves only the investing layer the injury 
is Usually trivial, the special danger being injury to the external jugular vein, and the 
special coinplii'ation, diffuse cellulitis. But whore the second of the. two layiu's is opened 
up, important structures may bo injured, and serious results follow. 

The sternal head of origin of the Sternocleidoinastoidons is contfiined in the supra- 
sternal space, so that this space is opened in division of this tendon. The lower part of 
the anterior jugular win is also contained in the same space*. 


I. SUPERFICIAIi AND LaTEBAL CeRVICAL MdSCLES 
Platysma, Trapezius. Sternocleidomastoideus. 

The Platysma (fig* 517) is a broad sheet arising from the fascia covering the 
upper parts of the Pectoralis major and Doltoidous ; its fibres cross the clavdcle. 
and proceed obliquely upwards and medialwards along the side of the neck. 
The anterior fibres interlace, below and behind the symphysis inenti, with the 
fibres of the iniiscle of the opposite side ; the posterior fibres cross the mandible, 
some being inserted into the bone below the obUquo line, others into the skin 
and subcutaneous tissue of the lower part of the face, many of these fibres 
bjeniJing with the muscles about the angle and lower part of the mouth. Some- 
times fibres can be traced to the Zygomaticus, or to the margin of the Orbicularis 
oculi. Beneath the Plaitysma, the external jugular vein descends from the 
angle of the mandible to the clavicle. 

* F. G. ParacAis (Journal ^ Anakmy; and rAysiohgy, vcL xiiv.) the carctld aheatb 

and the fiiaoial planes ia the which are artiftoially produced by dissection. 
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Actions, — ^When the entire Platysma is in action it produces a wrinlding of 
the surface of the skin of the neck in an oblique direction. Its anterior portion, the 
thickest part of the muscle, depresses the mandible ; it also serves to draw down 
the lower lip and angle of the mouth in the expression of melancholy. 

Nerve^t'Vhe Platysma is supplied by the cervical branch of the facial nerve. 

The Trapezius is described on p. 478. 

The Sternocleidomastoideus (fig 524) passes obliquely across the side of 
the neck. It is thick and narrow at its central part, but broader and thinner 
at either end. It arises by two heads. The medial or sternal head is a rounded 
tendinous fasciculus, which arises from the upper part of the anterior surface 
of the manubrium sterni, and is directed upwards, lateralwards, and backwards. 
The lateral or clavicular head, composed of fleshy and aponeurotic fibres, arises 

P'lG. 524. — Muscles of the neck. Lateral view. 



from the superior border and anterior surfaoe of the medial third of the clavicle, 
and is directed almost vertically upwards. The two heads are separated from 
one another at their origins by a triangular interval, but gradually blend, 
below the middle of the neck, into a thick, rounded belly. The muscle is 
inserted, by a strong tendon, into the lateral surface of the mastoid process, 
from its apex to its superior border, and by a thin aponeurosis into the lateral 
half of the superior nuchal line of the occipital bone. 

The Sternocleidomastoideus varies much in its extent pf origin from the 
clavicle : in some cases the clavicular may be as narrow as the sternal head ; in 
others, as much as 7*5 cm* in breadth. When the clavicular oririn is broad, 
it is occasionally subdivided into several slips. More rarely, the adjoining 
margins of the Sternocleidomastoideus and Trapezius are in contact 

This muscle divides the quadrilateral area of the side of the neck into two 
triangles, an anterior and a posterior. The boundaries of the amterior triangle are, 
in front, the median line of the neck ; above, the lower border of the body of the 
mandible, and an imaginary line drawn from the angle of the mandible to the 
Sternocleidomastoideus ; behind, the anterior border of the Stembcleidom^jboideus. 
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The apex of the triangle is at the upper border of the sternum. The boundaries of 
the posterior trimgk are, in front, the posterior border of the Sternocleidomas- 
toideus ; below, the middle third of the clavicle ; behind, the anterior margin of 
the Trapezius. The apex corresponds with the meeting of the Sternocleidomas- 
toideus and Trapezius on the occipital bone. 

Relations. — SupeTficially to the muscle are the integument and Platysma; it ia 
separated from the Platysnia by the external jugular vein, the great auricular and cervical 
cutaneous nerves, and the investing layer of the deep cervical fascia. The deep ffurface 
is in relation with the sternoclavicular articulation, the process of the deep cervical fascia 
which binds the inferior belly of the Ornohyoideus to the sternum and clavicle, the Sterno- 
hyoideus, Sternothyreoideus, Omohyoideus, posterior belly of the Digastricus, Levator 
scapula?, Splenius and Scaleni muscles, the common carotid artery, the internal and 
anterior jugular veins, the origins of the internal and external carotid arteries, the 
occipital, subclavian, transverse cervical, and transverse scapular arteries and veins, 
the phrenic, vagus, hypoglossal, descendens and column nicaiites liypoglossi nerves, the 
accessory nerve which pierces its upper third, the cervical plexus, the upper part of the 
brachial plexus, parts of the thyreoid and parotid glands and their vessels, and the deep 
cervical lymph-glands. 

Nerves. — The Sternocleidomastoideus ia supplied by the accessory nerve and 
branches from the anterior divisions of the second and third cervical nerves. 

Actions. — When one Sternocleidomastoideus acts, it draws the lioad towards 
the shoulder of the same side, assisted by the Splenius and the Obliqims capitis 
inferior of the opposite side ; it also rotates the head so as to carry the facie towards 
the opposite side. Acting together from their sternoclavicular attachments the 
two muscles will flex the cervical part of the vertebral column ; if the head be fixed 
they will assist in elevating the thorax in forced inspiration. 

Applied Anatomy . — The surgical anatomy of the Sternocleidomastoideus is of impor- 
tance in connexion with the deformity known as ivry-neck, which is due to a contracted 
condition of this muscle. The wry-neok may be temporary, as the result of direct irrita- 
tion of the muscle or of the nerves supplying it, and may occur in acute glandular 
enlargement, cellulitis of the neck, myositis of the muscle, or cervical caries. It may, 
however, be permanent, and is then most often due to injury to the muscle during birth, 
especially in breech presentations, rupture of the fibres and subsequent cicatricial con- 
traction taking place. In these cases, division of the muscle is often necessary to effect 
a cure, and this may bo done either subcutaneously or through an open wound. The 
open method is, however, much to be preferred, as being the more? effectual and tlie less 
dangerous, if precautions arc taken to keep the. \voimd aseptic. The tendons of origin 
are ifrecly exposed by a horizontal incision across the root of the* nec.k and carefully 
divided; any tense bands of fascia which exist should also be divided. ThcAvoiind is now 
sutured and dressed, and the head fixed in as straight a position as possible. 

There is also a condition coming on in adult life (spasmodic torticollis), which js a 
very distressing form of functional nervous disease. It begins with tonic or clonic spasm 
of one Sternocleidomastoideus, which is soon followed by spasm of the Trapezius, 
particularly its clavicular portion. The Splenius of the opposite side, the Scaleni, 
Semispinales capitis, and Longissimi capitis may all become involved in turn, with 
secondary contracture of the deep cervical fascia. Operaiiou in these cases often fails 
to give satisfactory results. Tenotomy of the affected muscles or section of the nerves 
supplying them miay afford temporary relief, but the spasm often returns ^vhen the cut 
nerves or tnuscles rejoin. 


II. Supra- and iNFEA-ayoip Muscles (figs. 524, 525) 

The suprahyoid muscles are : 

Digastricus. Mylohyoideus. 

Stylohyoideus. Geniohyoideus. 

The Digastricus consists of two fleshy bellies united by an intermediate 
rounded tendon. It lies below the body of the mandible, and extends, in a 
curved form, from the mastoid process to the chin. Tho posterior bdly^ longer 
than the anterior, arises from the mastoid notch (digastric fossa) of the temporal 
bone and passes downwards and forwards. The anterior belly arises from a 
depression on the inner side of the lower border of the body of the mandible, 
dose to the middle line, and passes downwards and backwards. The two bdlies 
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end in an intermediate tendon which perforates the Stylohyoideus muscle^ and 
is held in connesdon with then side of the body and the greater cornu of the 
hyoid bone by a fibrous loop, which is sometimes lined by a mucous sheath. 
An aponeurotic layer is given off from the tendon of the Digastricus on either 
side of thdSeck, to be attached to the body and greater cornua of the hyoid 
bone ; this is termed the suprahyoid aponeurosis. 

Relations. — Its superficial surface is ia relation with the Platysmat Sternocleido- 
inastoideus, part of the Splenius, Ijoiigissimus capitis, mastoid process, Stylohyoideus, 
and the parotid gland. The deep surface of the anterior belly lies on the Mylohyoideus: 
that of the posteiioi* belly on the Styloglossus, Stylopharyngeus, and Ilyoglossus, the 
external carotid artery and its occipital, lingual, external maxillary, and ascending 
pharyngeal branches, the internal carotid artery, internal jugtilar vein, and hypoglossal 
nerve. 


Fig. 525. — Muscles of the nock. Anterior view. 



The Digastricus divides the upper part of the anterior triangle of the neck into 
three triangles : (1) the svbmaxillary triangle^ bounded above by the lower Imrder 
of the mandible and a line drawn from its angle to the Steinocleidomastoideus, 
below by the posterior belly of the Digastricus and the Stylohyoideus, in front by 
the anterior belly of the Digastricus ; (2) the carotid triangk^ bounded above by the 
posterior belly of the Digastricus and Stylohyoideus, behind by the Stemooleido- 
mastoideus, below by the Omohyoideus ; (3) the suprahyoid or subm^M trian^f 
bounded laterally by the anterior belly of the Digastricus, medially the middle 
line of the neck from the hyoid bone to the symphysis menti, and infeiiorly by the 
body of the hyoid bone. 

The Stylohyoideus is a slender muscle, jying in front of, and above, the 
posterior belly of the Digastricus. It arises from the posterior and lateral 
surfaces of the styloid process, near the base ; and, passing downwards ahd 
forwards,, is inserted into the body of the hyoid bone, at its junotfon With the 
greater cornu, and just above the Omohyoideusl It is penolrat(% near it» 
insertion, by the tendon of the Ihgastrious* ^ 
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The stykhffoid ligam^.—ln connexion with the Stylohyoideue muscle a liga- 
mentous hand, the atyhhyM ligament, may be described. It is a fibrous cord, 
which is attached to the tip of the styloid process of the temporal bone and the 
lesser cornu of the hyoid bone. It frequently contains a little cartilage in its 
centre, is often partially ossified, and in many animals forms a distinct bone, the 
epihyal. 

The Mylohyoideiis, flat and triangular, is situated immediately above the 
anterior belly of the Digastricus, and forms, with its feUow of the opposite aide, 
a muscular floor for the cavity of the mouth. It arises from the whole length 
of the mylohyoid line of the mandible. The posterior fibres j)ass medialwards 
and slightly downwards, to be inserted into the front of the body of the hyoid 
bone near its lower border. The middle and anterior fibres are inserted into a 
median fibrous raphe extending from the symphysis menti to the hyoid bone, 
where they join at an angle with the fibres of the opposite muscle. TWs 
median raphe is sometimes wanting ; the fibres of the two muscles are 
then continuous. 

'Relations. — ^Its superficial or inferior surface is in relation with the Platysma, the 
anterior belly of the Digastricus, the suprahyoid aponeurosis, the superficial part of the 
submaxillary gland, the external maxillary and submental vessels, and the myloJiyoid 
vessels and nerve. Its deep or superior surface is in relatu^n with tlie Geniohyoideus* 
part of the Hyoglossus, and the Styloglossus, the hypoglossal and lingual nerves, thi* 
sivbmaxillary ganglion, the sublingual gland, the deep portion of the subin axillary gland 
and the subrnaxillary duct, the lingual and sublingual vessels, and tlic buccal mucous 
membrane. 

The Geniohyoideus is a narrow muscle, situated above the medial part 
of the Mylohyoideus. It arises from the inferior mental spine on the back of 
' the symphysis menti, and runs backwards and slightly do^\^lwa^ds, to be 
inserted into the anterior surface of the body of the hyoid bone ; it is in contact 
with its fellow of the opposite side. 

Nerves. — The Mylohyoideus and anterior belly of the Digastricus are supplied 
by the mylohyoid branch of the inferior alveolar nerve ; the Stylohyoideus and 
posterior belly of the Digastricus, by the facial ; the Geniohyoideus, by the first 
cervical nerve through the hypoglossal. 

Actions. — These muscles perform two very important actions. During the act 
of deglutition they raise the hyoid bone, and with it the base of the tongue ; when 
the hyoid bone is fixed by its depressors and those of the larynx, they depress the 
mandible. During the first act of deglutition, when the mass of food ia being driven 
from the mouth into the phayrnx, the hyoid bone (and witJi it the tongue) is carried 
upwards and forwards by the anterior bellies of the Digastrici, the Mylohyoidei, and 
Geniohyoidei. In the second act, when the mass is passing through the pliarynx, 
the direct elevation of the hyoid bone takes place by the combined action of all the 
muscles ; aud after the food has passed, the hyoid bone is carried upwards and 
backwards by the posterior bellies of the Digastrici and the Stylohyoidoi, which 
assist in preventing the return of the food into the mouth. 

The infrahyoid muscles are : 

Sternohyoideus. Tliyreohyoideus. 

Steniothyreoideus. Omohyoideus. 

The Sternohyoideus, a thin, narrow muscle, arises from the posterior 
surface of the medial end of the clavicle, tho capsule of the sternoclavicular 
joint, and the upper and posterior part of the manubrium stemi. Passing 
upwa)*ds and medialwards, it is inserted, by^ short tendinous fibres, into the 
lower bordw of the body of the hyoid bone. It sometimes presents, immedi- 
ately above its origin, a transverse tendinous inscription. Below, the Sterno- 
hyoideus is separate from its fellow by a considerable interval ; but the two 
muscles come into contact with one another in the middle of their course, 
and, from this upwards, lie side by aide. 

The Sternothyreoideua is shorter and wider than the preceding muscle, 
and lies under cover of it. It arises from the posterior surface of the manu-^ 
brium stettfi, below the origin of the Stemohvoideus, and from the ed^ of 
the cartilage of the first, and sometimes that of the second, rib ; it is inserteil. 
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into the oblique line on the lamina of the thyreoid cartilage. This muscle is 
in close contact with its fellow at the lower part of the neck, but diverges 
somewhat as it ascends ; it is occasionally traversed by a transverse or oblique 
tendinous inscription. 

The T^grreohyoideus, a small, quadrilateral muscle, may be looked upon 
as an upward continuation of the Sternothyreoideus. It arises from the 
oblique line on the lamina of the thyreoid cartilage, and is inserted into the 
lower border of the greater cornu of the hyoid bone. 

The Omohyoideus consists of two fleshy bellies united by a central tendon. 
It arises from the upper border of the scapula, and occasionally from the 
superior transverse ligament which crosses the scapular notch, its extent of 
attachment to the scapula varying from a few millimetres to 2*5 cm. From 
this origin, the inferior belly forms a flat, narrow fasciculus, which inclines 
forwards and slightly upwards across the lower part of the neck, being bound 
to the clavicle by a fibrous expansion ; it then passes behind the Stemocleido- 
mastoideus, becomes tendinous and changes its direction, forming an obtuse 
angle. It ends in the superior belly ^ which passes almost vertically upwards 
close to the lateral border of the Stemohyoideus, and is inserted into the lower 
border of the body of the hyoid bone, lateral to the insertion of the Sterno- 
hyoideus. The central tendon of this muscle varies in length and form, and 
is held in position hy a process of the deep cervical fascia, which ensheathes 
it and is prolonged dowm to be attached to the clavicle and first rib ; it is by 
this means that the angular form of the muscle is maintained. 

The inferior belly of the Omohyoideus divides the posterior triangle of the neck 
into an upper or occipital and a lower or subclavian triangle, while its superior belly 
divides the anterior triangle into an upper or carotid and a lower or muscular triangle. 

Nerves. — The Thyreohyoideus is supplied by a branch from the hypoglossal 
nerve ; the superior belly of the Omohyoideus by the descendens hypoglossi ; the 
Stemohyoideus, Sternothyreoideus, and inferior belly of the Omohyoideus are 
supplied by branches from a loop (ansa hypoglossi) between the descendens hypo- 
glossi and the communicar.tos cervicales. 

Actions. — These muscles depress the larjnx and hyoid bone, after they Jiave 
been drawn up with the pharynx in the act of deglutition. The Omohyoidei not 
only depress the hyoid bone, but carry it backwards and to one or the other side. 
They arc concerned also in prolonged inspiratory efforts ; for by rendering the 
lower part of the cervical fascia tense they lessen the inward suction of the soft 
parts, which would otherwise compress the great vessels and the apices of the lungs. 
The Th 3 a*eohyoideus may act as an elevator of the thyreoid cartilage, drawing the 
cartilage up behind the hyoid bone. The Sternothyreoideus acts as a depressor 
of the thyreoid cartilage. 


III. Anterior Vertebral Mu.scles (fig. 526) 

Longus colli. Kectus capitis anterior. 

Longus capitis. Rectus capitis lateralis. 

The Longus colli is situated on the anterior surface of the vertebral column, 
between the atlas and the third thoracic vertebra. It is divisible into three 
portions, a superior oblique, an inferior oblique, and a vertical ; its origin 
and insertion consist of tendinous slips. The superior cd^lique portion arises 
from the anterior tubercles of the transverse processes of the third, fourth, 
and fifth cervical, vertebrae ; it is directed upwards and medialwards, and 
is inserted by a narrow tendon into the tubercle on the anterior arch of the 
atlas. The inferior oblique portion^ the smallest part of the muscle, arises 
from the front of the bodies^of the first two or three thoracic vertebras ; it runs 
upwards and lateralwards, and is inserted into the anterior tubercles of the 
transverse processes of the fifth and sixth cervical vertebras. The vexUsal 
portion arises from the front of the bodies of the 'upper three thoracic and 
Ipwer three cervical vertebras, and is inserted into the front of the bodies of 
the second, third, and fourth cervical vertebras. 

The Longus capitis (gigicd^mcapitiAA^ broad and thick above, 

narrow below, arises by tendinous slips, from the anterior tubercles of the 
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transverse processes of the third, fourth, fifth, and sixth cervical verlebrse, 
and is inserted into the inferior surface of the basilar part of the occipital 
bone. 

The Rectus capitis anterior (Rectus capitis anticus minor) is a short, 
fiat muscle, situated behind the upper part of the Longus capitis. Tt arises 
from the anterior surface of the lateral mass of the atlas, and from the root 
of its transverse process, a^nd is inserted into the inferior surface of the basilar 
part of the occipital bone in front of the occipital condyle. 


l‘’io. 526. — The anterior and lateral vertebral nniseles. 



'Die Rectus capitis lateralis, a short, flat muscle, arises from the upper 
surface of the transverse process of the atlas, and is inserted into the under 
surface of the jugular process of the occipital bone. 

Herves. -These muscles receive their nerve-supply from the anterior divisions 
of the cervic^ nerves ; the Rectus capitis anterior and the Rectus capitis lateralis 
from the loop between the first and second cervical ; the Longus capitis, by branches 
from the first, second, and third ceiwical ; the Longus colli, by branches from the 
second to the seventh cervical inclusive. 

— The Longus capitis and Rectus capitis anterior arc the direct anta- 
gonists of the muscles at the Wk of the neck, and serve to restore the head to its 
natural position after it has been drawn backwards. These muscles also flex the 
head, and, from their obUc|nity, rotate it, so as to turn the face to one or the other 
side, [^e Rectus laterals, acting on one side, bends the head laterally. The 
Longus colli flexes and slightly rotates the cervical portion of the vertebral column. 
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IV. Lateral Vertebral Mbsolbs (fig* 626) 

Scalenus anterior. Scalenus medius. 

Scalenus posterior. 

The Scftfibnus anterior lies deeply at the side of the neck, behind the 
Stemocleidomastoidous. It arises from the anterior tubercles of the transverse 
processes of the third, fourth, fifth, and sixth cervical vertebrae, and descending, 
almost vertically,, is inserted by a narrow, flat tendon into the scalene tubercle 
on the inner border of the first rib, and into the ridge on the upper surface 
of the rib in front of the subclavian groove. 

Relations.- In front of it are the clavicle, the Subclavius, Stemocleidomastoideiis. 
and Qiriohyoideus muscles, the transverse cervical, transverse scapular and ascending 
cervical arteries, the subclavian vein, and the phrenic nerve. Its poaierior surface is in 
relation with the cords of the brachial plexus, the subclavian arterv, and the pleura, 
which separate it from the Scalenus medius. Below, it is separated from the Longus 
colli by the vertebral artery, and above, from the Longus capitis by the. ascending 
cervical branch of the inferior thyreoid artery. 

The Scalenus medius, the largest and longest of the three Scaleni, arises 
from the posterior tubercles of the transverse processes of the lower six cervical 
vertebrae, and descending along the side of the vertebral column, is inserted 
by a broad attachment into the upper surface of the first rib, between the 
tubercle and the subclavian groove. 

Relations. — Its anterior surface is in relation with the Sternocleidomastoideus ; it 
is crossed by the clavicle and the Omohyoideus; the subclavian artery and the cervical 
nerves separate it from the yealenus anterior. Lateral to it are the Levator scapula? and 
the Scalenus posterior. The long thoracic nerve is fomied in the substance of thi? 
muscle and t«nerges from it; the dorsal scapular nerve pierces it. 

The Scalenus posterior, the smallest and most deeply seated of the three 
Scaleni, arises from the posterior tubercles of the transverse processes of the 
lower two or three cervical vertebra, and is inserted by a thin tendon into 
the outer surface of the second rib, behind the attachment of the Serratiis 
anterior. It is occasionally^ blended with the Scalenus medius. 

Nerves. -The Scaleni arc supplied by branches from the second to the seventh 
cervical nerves. 

Actions. — When the Scaleni act from above, they elevate the first and second 
ribs, and arc, therefore, inspiratory muscles. Acting from below, they bend the 
vertebral coluimi to one or other side ; if the muscles of both sides act, the vertebral 
column is lightly flexed. 


fascia: and muscles of the trunk 

The muscles of the trunk may be arranged in six groups : 

I. Deep muscles of the back. IV. Muscles of the abdomen. 

II. Suboccipital muscles. V. Muscles of the pelvis. 

III. Muscles of the thorax. VI. Muscles of the perinseum. 


I. Deep Muscles of the Back (fig. 528) 


The deep or intrinsic muscles of the back consist of a comple;K; group of' 
muscles extending from the pelvis to the skull. They are ; 


Splenius cajritis. 
Splenius cervicis. 
Sacrospinalis. 
Semispinalis. 


Multifidus. 

Bojbatores. 

Interspinales. 

Intertransversarii. 


The lumbodorsal fascia covers the deep niuaoles of hack of t^e 
Above, it passes in front of the 3erratus posterior, superior and is contiiiuQus 
with the nuchal fascia, a similaT investing layer on the baok of the peek/ 
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In the thoracic region the lumbodorsal fascia is a thin fibrous lamina covering 
the extensor muscles of the vertebral column and separating them from the 
muscles connecting the vertebral column to the upper extremity. It contains 
both longitudinal and transverse fibres, and is attached, medially, to the spinous 
processes of the thors^ic vertebras ; laterally ^ to the angles of the ribs. 

In the lumbar region the lumbodorsal fascia (lumbar aponeurosis) is in tsvo 
layers, anterior and posterior (fig. 527). The posterior layer is attached to the 
spinous processes of the lumbar and sacral vertebras and to the supraspinal 
ligament ; the anterior is attached, medially, to the tips of the transverse, 
processes of the lumbar vertebrae, and to the intertransverso ligaments, helcmo, 
to the iliolumbar ligament, and above, to the lumbocostal ligament (p. 360). 
The two layers unite at the lateral margin of the Sacrospinalis, to form the 
tendon of origin of the Transversus abdominis. 

The Splenitis capitis (fig. 547) arises from the lower half of the ligaraentum 
nuchas, from the spinous process of the seventh cervical vertebra, and, from 
the spinous processes of the upper three or four thoracic vertebraa. The fibres 
of the muscle are directed upwards and lateral wards and are inserted, under 
cover of the Stemocleidomastoideus, into the mastoid process of the temporal 


Fig. 527. — Diagram of a transverse section of the posterior abdominal wall, to show 
the disposition of the lumbodorsal fascia. 


T.umhodo 

fascia 


bone, and into the rough surface on the occipital bone iiist below the lateral 
third of the superior nuchal line. 

The Splenius cervicis (fig. 547) arises from the spinous processes of the 
third to the sixth thoracic vertebrse : it is inserted into the posterior tubercles 
of the transverse processes of the, upper two or tJiree cervical vertebrio. 

Nerves. — The Splenii are supplied by the lateral brandies of the posterior 
divisions of the middle and lower cervical nerves. 

Actions. — The Splenii of the two sides, acting together, draw the head directly 
backwards, assisting the Trapezius and Semispinalis capitis ; acting separately, 
they draw the head to one side, and slightly rotate it, turning the facii to the same 
side. They also assist in supporting the head in the erect position. 

The Sacrospinalis (fig. 528), and its prolongations in the thoi’aeic and 
cervical regions, lie in the groove on the side of the vertebral column. They 
are covered in the lumbar and thoracic regions by the lumbodorsal fascia, and 
in the cervical region by the nuchal fascia. They form a large muscular and 
tendinous mass which varies in size and stnicture at different parts of the 
vertebral column. In the sacral region it is narrow and pointed, and at its 
origin chiefiy tendinous in structure. In the lumbar region it is larger, and 
forms a thick fleshy mass which, on being followed upwards, is subdivided 
into three columns ; these gradually diminish in size as they ascend to be 
insert^ into the vertebrse and ribs. 

The Sacrospinalis arises from the anterior surface of a broad and thick 
tendon, which, is attached to the middle sacral crest, to the spinous processes 
of the lumbar and the eleventh and twelfth thoracic vertebrsp, to the supca- 
spinal ligament, to tbe posterior part of the inner lip of the iliao crest and 
to the lateral crest' Of the ssCorum, where it blends with the sacrotubei^us and 
posterior sacrO^iliac ligaments ; some of its fibres are continuous ^th the 
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Fio. 528. — ^Deep muscles of the Back. 
Occipital bone 
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fibres of origin of the Glutseus maximus. The muscular fibres form a large 
fleshy mass which splits in the upper lumbar region into threo columns, viz. a 
lateral, the IHocoatalis^ an intermediate, the Longiasimvsy and a medial, the 
Spirmlia, Each of these consists, from below upwards, of three parts, as 
follows : 


Lateral Column, 


Intermediate Column. Medial Column, 


Iliocostalis. 

(а) I. lumborum. 

(б) I. dorsi. 

(c) I. cervicis. 


Longissimus. 

(а) L. dorsi. 

(б) L. cenncis. 
(c) L. capitis. 


Spinalis. 

(а) S. dorsi, 

(б) S. cervicis. 
(c) S. capitis. 


The Iliocostalis lumborum is inserted, by flattened tendons, into the 
inferior borders of the angles of the lower six or seven ribs. 

The Iliocostalis dorsi (Musculus accessorius) arises from the upper borders 
of the angles of the lower six ribs medially to the tendons of insertion of the 
Iliocostalis lumborum ; it is inserted into the upper borders of the angles of 
the upper six ribs and into the back of the transverse process of the seventh 
cervical vertebra. 

The Iliocostalis cervicis (CervicalLs ascendens) arises from the angles of 
the third, fourth, fifth, and sixth ribs, and is inserted into the posterior tubercles 
of the transverse processes of the fourth, fifth, and sixth cervical vertebrae. 

The Longissimus dorsi is the intermediate and largest of the continua- 
tions of the SacrospinalJs. In the lumbar region, wlicro it is as yet blended 
with the Iliocostalis lumborum, some of its fibres are at t ached to the whole 
length of the posterior surfaces of the transverse processes and the accessory 
processes of the lumbar vertebrae, and to the anterior ’‘^ycr of the iumbodorsal 
fascia. In tlie thoracic region it is inserted, by ronnu^ d tendons, into the tips 
of the transverse processes of all the thoracic verteb 3 , uid by fleshy processes 
into the lower nine or ten ribs between thon and angles. 

The Longissimus cervicis (Trans^’^ersaiis t i ,, situated medially to the 
Longissimus dorsi, arises by long thin tendons the summits of the trans- 
verse processes of the upper ®our or five iV j vortobrie, and is inserted 
by similar tendons into the posterior tubcrcK ^ the transverse processc's of 
the cervical vertebrae from "he second to the sixtn inclusive. 

The Longissir s capitis (Trachelotnustoidei i ic« between the Longissimus 
cervicis and the ‘^'''unispiaalis capitis. It arises by le* ^ons from the transven'se 
processes of the upper four or live thoracic verwobrre, and the articular processes 
of the lower tluee fou' 'ervical vertcbia>, and is inserted into the posterior 
margin of the niastt proecss, beneath the Splenius eapitis and Stem fleido- 
mastoideus. It is uswily erossed ^ y a idinous inscription near its insertion. 

The Spinalis dorsi, the medial contmuation of the Saerospinalis, is sea*cely 
separable as a distinct) mu le. It is situated at the medial side of the Longis- 
simus dorsi, and is iniiniately blended with it ; it arises by three or four tendons 
from the spinous processes of the first t' lumbar and the last two thoracic 
vertobrse : these, uniting, form a small muscle wliicli is inserted by separate 
tendons into the spinous processes of the upper thoracic vertebras the number 
varying from four to eight. It is intimately un.^ed \.ith the Semispinalis dorsi, 
situated beneath it. 

The Spinalis cervicis is an inconstant muscle, which arises from the lower 
pai t of the ligamentum nuchai, the spinous process of the seventh cervical, and 
sometimes from the spinous processes of the first and second thoracic vertebroB. 
and is inserted into the spinous x^roccss of the epistrox)hcus, and occasionally 
into the spinous processes of the two vertebrm below it. 

The Spinalis capitis is usually inseparably connected with the Somi- 
spinalis capitis (p. 448). 

The Semispinalis dorsi consists of thin, fleshy fasciculi, interposed between 
tendons of considerable length. It arises by a series of small tendons from the 
transverse processes of the sixth to the tenth thoracic vertebrae, and is inserted, 
by tendons, into the spinous processes of the upper four thoracic and lower 
two cervical vertebrae. 

The Semispinalis cervicis, thicker than the preceding, arises by a series 
of tendinous and fleshy fibres from the transverse processes of the upper five or 



six thoracic vertebrsei and is insoj^tcd into the cervical spi^aons proo^^s; from 
the epistropheus to the fifth incluifive. The fasciculus connected mth the 
epistropheus is the largest, and is chiefly muscular in structure. 

The Semispinalis capitis (Complexus) is* dtuated at the back part of the 
neck, beneath the Splenius, and m^ial to the Longissimi cervicis and capitis. 

It arises by a series of tendons from the tips of the transverse processes of the 
upper six.* 5 jr seven thoracic and the seventh cervical vertebras,^ and from the 
articular processes of the fourth, fifth, and sixth cervic^ vertebrss.. The 
tendons are succeeded by a broad muscle which passes upwards and is inserted 
between the superior and inferior nuchal lines of the occipital bone. The medial 
part, usually more or less distinct from the remainder of the masole, is termed 
the Spinalis capitis : it is also named the Biventer cervkis sihcc it is traversed 
by an imperfect tendinous inscription. 

The Multifidus consists of a number of fleshy and tendinous fasciculi, 
which fill the gi'oove on the side of the spinous processes of the vertebrae, from 
the sacrum to the epistropheus. In the sacral region, the fasciculi arise 
from the back of the sacrum, as low as the fourth sacral foramen, from the. 
aponeurosis of origin of the Sacrospinalis, from the medial surface of the posterior 
superior iliac spine, and from the posterior sacro-iliac ligaments ; in the lumbar 
re^on, from all the mamillary processes ; in the thoracio region, fre^ all the 
transverse processes ; and in the cervical region, from the i^iculor "processes 
of the lower four vertebrse. Each fasciculus passes obliquely upwards and 
medialwards and is inserted into the whole length of the spinous j)rocess of one 
of the vertebras above. The fasciculi vary in length : the most superficial 
pass from one vertebra to the third or fourth above ; those next in order run 
from one vertebra to the second or third above ; while the deepest connect 
contiguous vertebra*. 

The Rotatores lie beneath the Multifidus and are found only in the 
thoracic region ; they are eleven in number on either side and are small and 
somewhat quadrilateral in form. Each arises from the upper and posterior part 
of the transverse process, and is inserted into the lower border and lateral 
surface of the lamina of the verfebra above, the fibres extending as far as the 
root of the spinous proco ;s. The first is found between the first and second 
thoracic vertebrao ; the last, between the eleventh and twelfth. Sometimes 
the number of these muscles is diminished by the absence of one or more from 
the upjper or lower end of the series. 

The Interspinales are short muscular fasciculi, placed in pairs betw^een 
the spinous processes of the contiguous vertebras, one on either side of the 
interspinal ligament. In the cervical region they are most distinct, and consist 
of six pairs, the first being situated between the epistropheus and third vertebra, 
and the last between the seventh cervical and the first thoracic. They arc 
small narrow bundles, attaclieil, above and below, to the apices of the spinous 
processes. In the thoracic region they are found between the first and second 
vertebra?, and somelinies betw^een the second and third, and between the 
eleventh and twelfth. In the lumbar region there are foiur pairs in the intervals 
between the five lumbar vertebrae. There is also occasionally one between 
the last thoracic and first lumbar, and one between th^ fifth lumbar and the 
sacrum. 

The Extensor coccygis is a slender muscular fasciculus, which is not always present ; 
it extends over the lower part of the posterior surface of the sacrum and cocjpyx. It 
arises by tendinous fibres from the last segment of the sacrum, or first pieoe'^of the 
coccyx, and passes downM^ards to be inserted into the lower part of the coccyx. It is a 
rudiment of the Levator caudal muscle of the lower animals. 

The Iiitertransversarii are small muscles placed between tl^ 
prooesees of the vertebrae. In the cervical region they are best devtloped w^ii'. 
consist of paired muscular and tendinous fasciculi ; they pass betweeji't^/- 
anterior and the posterior tubercles respectively of the bfsiusv^rae preoeases ' 
two cont^ous vertebrse, and ore separated from one by : 

.^vkdon m the cervical nerve, which lies in th6 groove b^weei^ tibem. The 
Wscles connecting the anterior tubercles toe ^te^ed 
anterwrea ; those between the posterior . ttili^ieleB 
poateriorea. ; both sets.are supplied by the anteri<tt ^viriea&i 
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(Lickley *). There are seven pairs of these muscles, the first pair being between 
the atlas and epistropheus, and the last between the seventh cervical and first 
thoracic vertebrae. In the thoracic region they are present between the trans- 
verse processes of the lower three thoracic, and between the transverse processes 
of the last thoracic and the first lumbar vertebrae. In the lumbar region they 
are arranged in pairs, on either side of the vertebral column ; one set, occupying 
the entire interspace between the transverse processes of the lumbar vertebrae, 
the liUertranfiverfiarii ' loierales ; the other set, Interiranaversarii mediales, 
passing from the accessory process of one vertebra to the mamillary of the 
vertebra below. The Intertransversarii laterales are supplied by the anterior 
divisions, and the Intertransversarii mediales by the posterior divisions of 
the spinal nerves (Lickley, loc, ciL). 


II. SuBOCciPiTAL Muscles (fig. 628) 

Rectus capitis posterior major. Obliquus capitis inferior. 

Rectus capitis ^sterior minor. Obliquus capitis superior. 

The Rectus capitis posterior major arises by a pointed tendon from the 
spinous process of the epistropheus and, becoming broader as it ascends, is 
inserted into the lateral part of the inferior nuchal line of the occiintal bone and 
the surface of the bone immediately below the line. As the muscles of the two 
sides pass upwards and lateralwards, they leave between them a triangular 
space, in which the Recti capitis posteriores minores arc seen. 

The Rectus capitis posterior minor arises by a narrow pointed tendon 
from the tubercle on the posterior arch of the atlas, and. widening as it ascends, 
is inserted into the medial part of the inferior miclial line of the occipital boru? 
and the surface between it and the foramen magnum. 

The Obliquus capitis inferior, the larger of tlie tAVo Oblique muscles, 
arises from the apex of the spinous process of the epistropheus, and passes 
lateralwards and slightly upwards, to be inserted into the lower and back part 
of the transverse process of the atlas. 

The Obliquus capitis superior, narrow' below, wide and expanded above, 
arises by tendinous fibres from the upper surface of the transverse pro(‘ess of 
the atlas, joining with the insertion of the Obliquus capitis inferior. It passes 
upw'ards and raedialwards, and is inserted into the occipital bone, between tlic 
superior and inferior nuchal lines, laterally to the Scmispinalis capit is. 

The suboccipital triangle. — This triangle is bounded, above and medially, by 
the Rectus capitis posterior major ; above and laterall}% h)’' the Obliquus eaintis 
superior ; below and laterally, by the Obliquus capitis inferior. It is covered by 
a layer of dense fibrofatty tissue, situated beneath the Semispinalis capitis. The 
floor is formed by the posterior occipito-atlantal membrane, and the posterior arch 
of the atlas. In the groove on the upper surface of tin* posterior arch of the atlas 
are the vertebral artery and the first cervical nerve. 

Nerves. — The deep muscles of the back and the suboccipital muscles are supplied 
by the posterior divisions of the spinal nerves. 

Actions. — The Sacrospinalis and its upward continuations and the. Spinales 
‘ serve to maintain the vertebral column in the erect po&ture ; they also serve to bend 
the trunic backwards when it is required to counterbalance the influence of any 
weight at the front of the body — as, for instance, when a heavy weight is suspended 
from the neck, or when there is any great abdominal distension, as in pregnancy or 
(dropsy ; the peculiar gait under such circumstances depends upon the vertebral 
j^olunm being drawn backwards by the counterbalancing action of the Sacro- 
spinales. The muscles which form the coniiimation of the Sacrospinales on the 
head and neck steady those parts and fix them in the upright position. If the 
Biocostalis lumbomm and Longissimus dorsi of one side act, they serve to draw 
down the chest and vertebral column to the corresponding side. The lUocostalis 
cervicis, taking its fixed points from the cervical vertebroa, elevates those ribs to 
which it is attached ; taking their fixed points from the ribs, the two muscles help to 
extetid the neck ; while one bends the neck to its own side. When both Longissimi 

* Journal of Anaiomif and Physiology, 1904, vol, xsaax. 
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ceivicis act from below, they bend the neck backwards. When both Longis$iim 
capitis act from below, they bend the head backwards ; if only one acts, the face is 
turned to the side on which the muscle is acting, and then the head is ^nt to the 
shoulder. The two Eecti draw the head backwards. The Rectus capitis posterior 
major, owing to its obliquity, rotates the skull, with the atlas, round the dens of the 
epistro^us, turning the face to the same side. The Multifidus acts successively 
upon the different parts of the column : thus, the sacrum furnishes a fixed |>oint from 
which the 'fasciculi of this muscle act upon the lumbar region ; this in turn 
becomes the fixed point for the fasciculi moving the thoracic region, and so on 
tliroughout the entire length of the column. The Multifidus serves to rotate the 
column, so that the front of the trunk is turned to the side opposite to that from 
which the muscle acts. The Obliquus capitis superior draws the head backwards 
and to its own side. The Obliquus capitis inferior rotates the atlas, and with it the 
skull, round the dens of the epistropheus, turning the face to the same side. When 
the Semispinales of the two sides act together, they help to extend the vertebral 
column ; when the muscles of only one side act, they rotate the thoracic and cervical 
parts of the column, turning the body to the opposite side. The Semispinales 
capitis draw the head directly backwards ; if one muscle acts, it draws the head 
to one side, and rotates it so that the face is turned to the opposite side. The 
Intcrspinalos by approximating the spinous processes help to extend the vertebral 
column. The Intertransversarii approximate the transverse i^rocesses, and help 
to bend the column laterally. The Rotatores assist in rotating the vertebral column, 
so that the front of the trunk is turned to the side opposite to that from which the 
muscles act. 

Appluul Anatomy . — In eases of tuborculons caries of tlie vertebral bodies, and iu 
other diseases affecting the vertebral ctdumn, rigidity of the spinal muscles is one of tlie 
earliest and most constant symptoms. \ child with cominencing spinal disease always 
liiHintains the affected portion of tl>c c<diniin in a state of absolute, rigidity, to prevent 
the inflamed striietiirca from ])eing moved against each other; tliis is one of the best 
exainpjes of natiin/s inctliud of producing rest of an affected part. 


III. Muscles of the Thorax 


Intercostales externi. 
Intercostales internL 
Subcostales, 
Transversus thoracis. 


Serratus posterior inferior. 
Sen'atus posterior superior. 
Levatores costarum. 
Diaphragm. 


The Intercostales (tig. 549) are two thin planes of muscular and tendinous 
fibres occupying each of the intercostal spaces. They are named external 
and internal from their surface relations — ^the external being superficial to 
the internal. 

The Intercostales externi are eleven in number on either side. Their 
attachments extend from the tubercles of the ribs behind, to near the cartilages 
of the ribs in front, where each is replaced by a lasfer of fascia named the anterior 
intercostal membrane, which is continued forwards to the sternum. Each 
arises from the lower border of a rib, and is inserted into the upper border of 
the rib below'. In the low er two spaces they extend to the ends <rf the cartilages, 
and in the upper two or three spaces they do not quite mch the ends of the 
ribs. They are thicker than the Intercostales intemi, and their fibres are, 
directed obliquely downwards and laferalwards on the back of ^e thbUH^ - 
apd downwards, forwards, and medialwards on the front. ■ ’ - , ^ 

The Intercostales interni are also eleven in number on either siiiei' . 
attacliments commence anteriorly at the sternum, in the interspaces betw^n 
the cartilages of , the true ribs, and at thp anterior extreimtiqs of the cartilages 
of the false ribs, and extend backwards as far as the angles of the rib8> where 
each is replaced by a layer of fascia named thejHMtencr inltroc^l 
which is continued to the veftebral column, j^h arises fropi;tb^ on 
the inner surface of a rib, fits* welt as from cibitespondiag^iMtal^^ 
and is inserted into the upper border of the rib below, !I%Cir £hres;%re aW 
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directed obliquely, but paas in a direction opposite to those of the Intercostales 
extend. 

The Subcostales consist of muscular and aponeurotic fasciculi, and are 
usually well devel(med only in the lower part of the thorax ; each arises from 
* ► of one rib near its angle, and is inserted into the inner suiface 


Their fibres run in the same direction as 


the inner surface < 
of the second or third rib below, 
those of the Intercostalea interni. 

. The Transversus thoracis (Triangularis stemi) is a thin plane of muscular 
and tendinous fibres, situated upon the inner surface of the front wall of the 
chest (dg. 529). It arises on 


Fio. 529. — Posterior surface of sternum 
and costal cartilages, showing Trans- 
versus thoracis. 


either side from the lower third 
of the posterior surface of the 
body of the sternum, from the 
posterior surface of the xiphoid 
process, and from the posterior 
surfaces of the costal cartilages 
of the lower three or four true 
ribs near their sternal ends. Its 
fibres diverge upwards and lateral- 
wards, to be> inserted by slips 
into the lower borders and inner 
surfaces of the costal cartilages 
of the second, third, fourth, fifth, 
and sixth ribs. The lowest fibres 
of this muscle are horizontal in 
their direction, and are. con- 
tinuous with those of the Trans- 
versus abdominis ; the inter- 
mediate fibres arc oblique, while 
the highest are almost vertical. 

This muscle varies in its attach- 
ments, not only in different 
subjects, but on opposite sides 
of the same subject. 

The Levatbres costarum 
(fig. 528), twelve in number on 
either side, are small tendinous 
and fleshy bundles, which aji^e 
frpiA the ends of the transverse 
processes of the seventh cervical 
and upper eleven thoracic verte- 
bra) ; they pass obliquely down- 
wards and lateralwards, like the 
fibres of the Intercostales oxterni, 
and each is nigeitfiid ipto ...the 

of the rib imm^iately below tln^ vertebra from which it takes 
origin, beW een t he tu^OTcle (Levalores cQstaruni breves). Each 

of the four, lower muscles cllyides into two fasciculi, one of whicli is inserted 
as above describedi ; the other ]Wses down to the second rib below its origin 

The Serratu^ nosterior superior is a thin, quadrilateral muscle, situated 
at the upper and oack part t)i the thorax. It arifisn? Wy a thin aponeurosis 

. from iw.TOra8e8 

; Bevent h CCTriaa^ aad^npp er two jat^. three thoracic vertobro and from 
gg^ntTlncuniiig downw^ards and lateralwards it is inserted, 
;by fouFlesby dig^ations, into the upper borders and outer surfaces of the 
second*.^thirdrfplSh^.W a .ittlq b«>ypiid their^nglcs. 

The Serratu$ posterior inferior (fig. 547) is situated at the junction of 
the thoracic and luinbaa’ regions : it is of an irre^larly quadrilateral form, 
broader than the preceding,, and separated from it by a wide interval. li 
arises tfee lo^er two %r^ic 

and upper anditom the ; 

this aponemrosis is ihdniat^JW3obl Passing 



Sternal 
origin of 
Diaphragm 
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obliquely upwajtds and lateralwards, it becomes fleshy, and is inserted by 
four dictations into the inferior borers and outer surfaces of the lower, four 
ribs, a little beyond their angles. 

Nerves. — The muscles of this group are supplied by the intercostal nerves. 

The Diaphragm (figs. 530, 531) is a dome-shaped n^usculofibrous septum 
whiclv’^parates the thoracic from the abdominal cavity, its convex upper 
surface forming the floor of the former, and its concave under surface the 
roof of the latter. Its peripheral part consists of muscular fibres which take 
origin from the circumference of the thoracic outlet and converge to be inserted 
into a central tendon. 

The muscular fibres may be grouped according to their origins into three 
parts — sternal, costal, and lumbar. The sternal part arises by two fleshy 
slips from the back of the xiphoid process ; the costal part from the inner 
Surfaces of the cartilages and adjacent portions of the lower six ribs on either 
side, interdigitating with the Transversus abdominis ; and the lumbar part 


Fig. 530. — Posterior linlf ol Diaphi*agm. (Modified from model by His.) 


Vknamcatral foramen 



Attrttc kvatua 


from aponeurotic arches, named the lumbocostal arches, and from the lumbar 
vertebras by two piUars or cmra. There are two lumbocostal arches, a medial 
and a lateral, on either side. 

The medial lumbocostal arch (interxu^, fircujate lij^api^nt) is a tendinous 
arch in the fascia covering the upper part of t£e Psoas major ; medially, it 
is continuous with the lateral tendinous margin of the corresponding crus, and 
is attached to the side of the body of the first or second lumbar vertebra ; 
laterally, it is fixed to the front of the transverse process of the first lumbar 
vertebra. 

The laUral lumbocostal arch (ei^t^rnid.areuato ligammt) arches acrosg tli^ 
upper part of the Quadratus lumborum, and is attoched, medially, to ihe 
. front of the transverse process of the first lumbar vertebra, and, later^flyt to 
the tip and lower margin of the twelfth rib. 

The crura . — ^At their ori^s the crura are tendinous in structure, and blend 
with the anterior lon^tudinal ligament of the vertebral colunm. The fight 
crus, larger and longer than the left, arises from anterior surfaces of 
bodies and intervertebral fibrocartilages of the upper three lumbai^ vertobrss, 
while the left crus arises from the corresponding ports of the upper two only. 
The medial tendinous margins of the crura occasionally m the middle 
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line to form an arch across the front of the aorta ; this arch is often poorly 
defined. 

From this series of origins the fibres of the Diaphragm converge to be 
inserted into the central tendon. The fibres arising from the xiphoid process 
are very short, and occasionally aponeurotic ; those? from the medial and 
lateral lumbocostal arches, and more especially those from the ribs and their 
cartilages, are longer, and describe mark^ curves as they ascend and converge 
to their insertion. The fibres arising from the crura diverge as they ascend, 
the most lateral being directed "upwards and lateralwards to the central tendon. 
The medial fibres of the right crus ascend on the left side of the oesophageal 
hiatus, and occasibnally a fasciculus of the left crus crosses the aorta and 
runs obliquely through the fibres of the right crus towards the venacaval 
foramen (Low *). 

The central tendon of the Diaphragm is a thin but strong aponeurosis situated 
near the centre of the vault formed by the muscle, but somewhat closer to 
the front than to the back of -the thorax, so that the posterior muscular fibres 
are the longer. It is situated immediately below the pericardium, with which 
it is partially blended. It is shaped somewhat like a trefoil leaf, consisting 
of three divisions or leaflets separated from one another by slight indentations. 
The right leaflet is the largest, the middle, directed towards the xiphoid pro- 
cess, the next in size, and the left the smallest. In structure the tendon is 
composed of several planes of fibres, which intersect one another at various 
angles and unite into straight or curved bundles — an arrangement which 
gives it additional strength. 

Openings in the Diapiiragm. — ^The Diaphragm is pierced by a series 
o{ apertures to permit of the passage of structures between the thorax and 
abdomen. Three large openings — ^the aortic, the oesophageal, and the vena- 
caval — and a number of smaller ones are present. 

The aortic hiatus is the lowest and most posteiior of the large apcrtiu'es ; 
it lies at the level of the twelfth thoracic vertebra sUghtty to the left of the 
middle line. Strictly speaking, it is not an aperture in the Diaphragm but 
an osseo-aponcurotic opening between it and the vi^tebral column, and therefore 
beliind the Diaphragm ; occasionally some tendinous fibres prolonged across 
the bodies of the vertebrae from the medial parts of the lower ends of the crura 
pass behind the aorta, and thus convert the hiatus into a librous ring. Through 
it pass the aortaii, the azygos vein, and the thoracic duct ; occasionally the 
azygos vein pierces the right crus. 

The ORsopliogeal hiatus is situated in the muscular part of the- Diaphragm 
at the level of the tenth thoracic vertebra, and is elliptical in shape. It is 
placed above, in front, and a little to the left of the aortic liiatus, and transmits 
the oesophagus, the vagus nerves, and some small a?sophageal vessels. 

The venacaval foramen is the highest of the three, and is situated about 
the level of the fibrocartilage between the eighth and ninth thoracic vertebra>. 
It is quadrilateral in form, and is placed at the junction of the right and middle 
leaflets of the central tendon, so that its margins are tendinous. It transmits 
tho inf^aior: .vena cava, the wall of which is adherent to the margin of the 
opening, and some bra nches o f thq ^yj g bt^ p bf puic necv£^ 

Of the lesser apertur^^wg^ in jbbe right crus, transmit the gi-eater and Icse^er 
rigbt splanchniq |:i^erves ; three in the loft crus give passage to the greater and 
lesser left splanchnic nerves and the hemiazygos vein. The ganghated trunks 
of the sympathetic usually enter the abdominal cavity behind the Diaphragm, 
under the medial lumbocostal arches. The struciuTcs piercing the crura are 
sometimes utilised to divide each crus into three parts — medial, intermediate, 
and lateral. Between the medial and intermediate crura pass the hemiazygos 
vein and the splanchnic nerves ; between the intermediate crus and the lateral 
crus (which consists of the fibres rising from the medial lumbocostal arch) 
the gangliated trunks of the sympathetic pass. 

(in either side two small intervals exist at which tl\e muscular fibres of 
the Diaphragm are deficient and are replaced by areolar tissue. One between 
the sternal and costal .parts transmits the superior epigastric branch of the 
internal mammary artery, and some l 3 miphatics from the abdominal wall and 
convex surface of the liver. The other, between the fibres springing from 

" ^Journal of Anatomij and Physiology, vol xlii. 
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the medial and lateral lumbocostal arches, is less constant ; when this interval 
exists, the upper and back part of the kidney is separated from the pleura by 
areolar tissue only. 

Relations. — Tlio upper surl'aeo of the Diaphragm in relation with three serous 
membSaStes, viz. on either side the pleura, whidi separates it from the base of the 
corresponding lung, and on the middle leaflet of the central tendon the pericardium, 
which intervenes between it and the heart. The central portion lies on a slightly lower 


Fio. 531. — The Diaphragm. Under surface. 


Xiphoid process 



level than the suinmits of the lateral portions. The greater part of the under surface 
is covered by the peritoneum. The. right side is accurately moulded over the convex 
.surface of the right lobe of the liver, the right kidney, and right suprarenal gland; the 
left over the left lobe of the liver, the fundus of the stomach, the spleen, the left kidney, 
and the loft suprarenal gland. 

-The Diaphragm is supplied by the phrenic and lower six or seven 
intercostal nerves. ■ ■ 

' Actions. — The Diaphragm is the principal muscle of jqspilratjpn, and 
the form of a dome concave toWards the araomen. He contxal part of the 
is tendinous, and the pericardium is attached to its upper surface ^ the eircupi. 
ference is muscular. During inspiration the lowest ribs are fix^, and from 
and the crura the muscular fibres contract and draw downwards and forwards the 
central t^don with the attac^ pericardium. In this movement the curvature 
of the Haphragm is scarcely alter^, the dome moving downward neatly peWH 
to its orimal position and pushing before it thp abdonunal viscera. He descent 
of the aMominal viscera is^rmitted by the extensibility of the abdominal w<dl, but 
the limit of this is soon reached. The central tendon appUed to the abdominal 
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viscera then becomes a fixed point for the action of the Diaphragm, the effect of 
which is to elevate the lower ribs and through them to push forwards the body 
of the sternum and the upjjer ribs. The right cupola of the Diaphragm, lying on 
the liver, has a greater resistance to overcome than the left, which lies over the 
stomach, but to compensate for this the right crus *and the fibres of the right side 
generally are stronger than those of the left. 

The height of the Diaphragm is constantly varying dming respiration ; it also 
varies with the degree of distension of the stomach and intestines aud with the 
size of the liver. After a forced expiration the right cupola is on a level in front 
with the fourth costal cartilage, at the side with the fifth, sixth, and seventh ribs, 
and behind with the eighth rib ; the left cupola is a little dower than the right. 
Halls Dally * states that the absolute range of movement between deep inspiration 
and deep expiration averages in the male and female 30 mm. on the right side and 
28 mm, on the left ; in quiet respiration the average movement is 12*5 nim. on the 
right side and 12 mm. on the left. 

In al l e xpulsive acts, the Diaphragm is called into action to give additional power 
to eacK effort. ’^Thus, before sneezing, coughing, laughing, crying, or vomiting, and . 
previous to the expulsion of urine or fajces, or of the foetus from the uterus, a deep,, 
inspiration takes place. 


Skiagraphy shows that the height of the Diaphragm in the thoru.v varies considerably 
with the position of the body. It stands highest when the body is horizon lal and the. 
patient on his bae.k, and in this position it performs thi^ largest riispiratory oxcursiojis 
with norrrjal breathing. When the body is erect the dome of the Diapliragrn falls, and 
its respiratory rnoveinonts become smaller. The dome' falls still lowo)‘ when tin* sitting 
posturo is assumed, and in this position its respiratory excnrsitais are smallest. These 
facts ,inay, perhaps, explain why it is that patients suffering ironi siwtTc dyspna-a are 
most comfortable and least short of breath w’hen they sit np. When the body is hori- 
zontal and the patient on his side, the tw^o lialves of th(* Diaphragm do not behavi^ alike. 
The uppermost half sinks to a lovel lower even than when the patient sits, ami niovt^s 
little with respiration: the loAvcr half rises higher in the thorax than it does when the 
patient i.s supiru', and its respiratory excursions arc much increased. In unilateral 
disease of the pleura or lungs analogous interfonnicc with th(‘ po.sitioii or movement of 
the Diaphragm can generally be observed skiagiaphically. 

It appears that the position of the Diaphragm in the thorax dopeudb upon three main 
factors, viz, ; (1) the elastic retraction of th»j lung-tissue, tending to pull it upw-ards; 
(2) the pressure exerted on its under siirfarc by the viscera : this naturally lends to be a 
negative pressure, or dowmward suction, when the patient sits or stamls, and a positive, 
or upward pressure, when he lies; (3) the intra-abdominal tension dne 1o tlio abdominal 
iriiisclea. These museles are in a state of eoiitraetion in the standing position and not in 
the sitting ; hence the Diaphragm is pushed up higher in the former position. 

'rho referred pains felt when the Diaphragm is hillamcd .'uo described on page 895. 

The Intcrcostales iiiterni and externi have probably little action in moving the 
ribs. They contract simultaneously and form strong elastic .supports which prevent 
the intercostal spaces being pushed out or drawn in during respiration. The 
anterior portions of the Intetcostales interni probably have an additional function 
in keeping the sternocostal and interchondral joint surfaces in apposition, the 
posterior parts of the Intcrcostales externi performing a similar function for the 
costovertebral articulations- The Levaj^ yfig CQatariim being inserted near the fulcra 
of the ribs can have little action on the ribs : they act as rotatQrs .and later^^l fl^prs 
the vertebral colurnn. The Transversus thoracis draws down the costal carti- 
lages, and is therefore a muscle of expuauou. 

The Serrati arc respiratory muscles. The Serratus posterior superior elevates 
the ribs and is therefore an inspiratory muscle. The Serratus posterior inferior 
draws the lower ribs downwards and backwards, and thus elongates the thorax ; 
it also fixes the lower ribs, thus assisting the inspiratory action of the Diaphragm 
and resisting the tendency of the latter to draw the lower ribs upwards and 
forwards, ft must therefore be regarded as a muscle of inspiration. 

* Journal of Analomy and Physiology^ 1908, vol. xliii. 
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Meohanism of Respiration 

The respiratory movements must be examined during (a) quiet respiration, and 
(6) deep respiration. 

Quiet r^pircUion, — The first and second pairs of ribs arc fixed by the resistance of 
the cerr/^al structures ; the last pair, and through them the eleventh, by the Quad- 
ratus lumborum. The other ribs are elevated, so that the first two intercostal 
spaces are diminished while the others are increased in width. It has already been 
shown (p. 364) that elevation of the third, fourth, fifth, and sixth ribs leads to an 
increase in the anteroposterior and transverse diameters of the thorax : the vertical 
diameter is increased by the descent of the diaphragmatic dome so that the lungs 
are expanded in all directions except backwards and upwards. Elevation of the 
eighth, ninth, and tenth ribs is accompanied by a lateral and backward movement, 
leading to an increase in the transverse diameter of the upper part of the abdomen ; 
the elasticity of the anterior abdominal wall allows a slight increase in the antero- 
posterior diameter of this part, and in this way the decrease in the vertical diameter 
of the abdomen is compensated and space provided for its displaced viscera. Evi- 
ration is effected by the elastic recoil of its walls and by the action of the abdominal 
muscles, which push back the viscera displaced downwards by the Diaphragm. 

Deep respiralicm . — All the movements of quiet respiration are her6 carried out, 
but to a greater extent. In deep inspiration the shoulders and the vertebral borders 
of the scapulie are fixed and the limb muscles, the Trapezius, Serratus anterior, 
Pectoralcs, and Latissimus dorsi, called into play The Scaleni are in strong 
action, and the Stcrnocleidomastoidei also assist, when the head is fixed, by drawing 
up the sternum and by fixing the clavicles. The first rib is therefore no longer 
stationary, but, with the sternum, is raised ; with it all the other ribs except the 
last arc raised to a higher level. In conjunction with the increased descent of the 
Diaphragm this provides for a considerable augmentation of all the thoracic dia- 
meters. The anterior abdominal muscles come into action so that the umbilicus 
is drawn upwards and backwards, but this allows the Diaphragm to exert a more 
powerful influence on the lower ribs ; the transv^erso diameter of the upper part of 
the abdomen is greatly increased and the subcostal angle opened out. The deeper 
muscles of the back, e,g. the J^en-ati posteriores superiores and the Sacrospinales 
and their continuations, are also brought into action ; the thoracic curve of the 
vertebral column is partially straightened, and the whole column, above the lower 
lumbar vertebra?, drawn baekwarefc. This increases the anteroposterior diameters 
of the thorax and upper part of the abdomen and widens the intercostal spaces. 
Deep expiration is effected by the recoil of the walls and by the contraction of the 
anterolateral muscles of the abdominal wall, and the Transversus thoracis. 

Hulls Dully {loc cit.) gi\cs tho following figiues a‘=5 representing the average changes’ 
'which occur during deepest possible respiration. The manubrium sterni moves 30 mm. 
in an upward and 14 nun. in a forward direction; the width of the subcostal angle, at a 
level of 30 ihtu. below the articulation between the body of the sternum and tho xiphoid 
process, is increased by 20 mrn. ; the umbilicus is retracted and drawn upwards for a 
distance of 13 mrn. 


IV. Muscles of the Abdomen 

The muscles of tho abdomen may be divided into tw^o groups : 1. The 
anterolateral muscles ; 2. Tho posterior muscles. 

1. Anterolateral Muscles 

Obliquus externus. Transversus. 

Obliquus intemus. Rectus. 

Pyramidalis. 

The superficial fascia of 4^he abdomen consists, over tho greater part of 
the abdominal wall, of a single layer containing a variable amount of fat ; but 
near the ^oin it is easily divisible into two layers, between which are found 
the superficial vessels and nerves and the superficial inguinal lymph-glands. 



MUSCLES OF THE ABDOMEN 


457 


The superiioial layer {fascia of Camper) is thick, areolar in texture, and 
contains in its meshes a varying quantity of adipose tissue. Below, it passes 
over the inguinal ligament, and is continuous with the superficial fascia of the 
thigh. In the male, Camper’s fascia is continued over the penis and outer 
surface of the spermatic cord to the scrotum, where it helps to lorm the dartos. 
As it passes to the scrotum it changes its characteristics, becoming thin, destitute 


Fio. 532. — The Obliquns extornus abdominis. 



ol adipose tissue, and of a pale reddish colour ; in the scrotum it acquires 
some involuntary muscular fibres and forms the dados hinic. From the scrotum 
it mav bo traced backwards into continuity with tlie superficial fascia of the 
porinscum. In the female, Camper’s fascia is continued from tlu' abdomen into 
the labia majora. 

The deep layer {fascia of Scarpa) is thinner and more membranous m 
character than the superficial, and contains a considerable quantity of yellow 
elastic fibres. It is loosely conncjcted by areolar tissue to the aponeurosis of 
the Obliquns externus abdorAinis, but in the middle line it is more intimately 
adherent to the linea alba and to the symifijysis pubis, and is prolonged on 
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to the dorsam of the penis, forming the fufidiform ligament ; above, it is con- 
tinuous with the superncial fascia over the rest of the trunk ; below and laterally, 
it blends with the fascia lata of the thigh a little below the inguinal ligament ; 
medially and below, it is continued over the penis anfi spermatic cord to the 
scrotuna^ where it iielps to form the dartos. From the scrotum it may be 
traced 'backwards into continutty with the deep layer of the superficial fascia 
of the perinajum (fascia of Colies). In the female, it is continued into the 
labia majora and thence to the fascia of Colles. 

The Obliquus externus abdominis (fig. 532), situated on the lateral and 
anterior parts of the abdomen, is the largest and the most superficial of the 
three flat muscles in this region. It arises, by eight fleshy slips, from the 
external surfaces and inferior borders of the lower eight ribs ; these slips 
interdigitate with the slips of origin of the Serratus anterior and Latissimus 
dorsi, and are an*anged in an oblique line which runs downwards and backwards, 
the upper ones being attached close to the cartilages of the corresponding ribs, the 
lowest to the apex of the cartilage of the last rib, the intermediate ones to 
the ribs at some distance from their cartilages. From these attachments the 
fleshy fibres proceed in various directions. Those from the lowest ribs pass 
nearly vertically downwards, and are inserted into the anterior half of the 
outer lip of the" iliac crest ; the middle and upper ftbres, directed downwards 
and forwards, end in an aponeurosis, opposite a line drawn from the prominence 
of the ninth costal cartilage to the anterior superior iliac spine. 

The ajponeurosis of the Obliquus externus abdominis is a thin but strong 
membranous structure, the fibres of which arc dhected downwards and medial- 
wards. It is joined with that of tho opi)osite muscle along the middle line, and 
the. aponciwoscs of the two muscles cover the front of the abdomen ; above, 
it is covered by, and gives origin to, the lower fibres of the Pectoralis major ; 
below, its fibres are closely aggregated together, and extend obliquely across 
from the anterior supciior iliac spine to the pubic tubercle and the pectineal 
line. In i he middle line, its fibres end in the linea alba, a tendinous band which 
extends from tlio xiph Id process to the symifliysis pubis. 

The free margin ot that portion of the aponeurosis which 'extends botwoeii 
the anteirior superior iliac spine and the pubic tubercle is a thick band, folded 
inwards, and continuous below with the fascia lata ; it is called the inguinal 
ligament. Tho portion which is reflected from the inguinal ligament at the 
pubic tubercle is attached to tho pecten pubis, and is call^ the lacunar ligamenL 
From the attachment of the latter to the i)octen pubis, a few fibres pass upwards 
and medialwards, behind the medial crus of the subcutaneous inguinal ring, 
to the linea alba ; they diverge as they ascend, and form a thin triangular 
fibrous band which is called the reflected inguinal ligament. 

In tho aponeurosis of the Obliquus externus, immediately above the crest 
of the os pubis, is a triangular opening, the subcutaneous inguinal ring, formed 
by a separation of the fibres of the aponeurosis in this situation. 

The following structures require further description, viz. the subcutaneous 
inguinal ring, the intercrural fibres and fascia, and the inguinal, lacunar, and 
reflected inguinal ligaments. 

The subcutaneous inguinal ring (external abdominal ring) (figs. 532, 533) 
is an interval in the aponeurosis of the Obliquus externus, just above and lateral 
to the crest of the os pubis. The apertiire is somewhat triangular in form, and 
its direction is oblique, corresponding with the course of the fibres of the 
aponeqi'osis. It measures from base to apex about 2*5 cm., and stcross the 
base about I -25 cm. It is bounded below by tho crest of the os pubis ; on either 
side by the margins of the opening in the aponeurosis, which are called the 
erwa of the ring ; and above, by a series of curved intercrural fibres. The 
inferior crus (external pillar) is the stronger %nd is formed by that poHion of the 
inguinal ligament which is inserted into the pubic tubercle ; it so curved as 
to form a kind of groove, upon which, in the male, the spermatic cord rests. 
The superior crus (internal pillar) is a thin, flat band, attached to the firpnt 
of the symphysis pubis and interlacing with its fellow of the opposite side. 

The subcutaneous inguinal ring gives passage to the spermatic and 
iUodnguiaal nerve in th^ male, and to the round ligament of the uterus and ■ 
the flio-inguinal nerve in the female ; it is much larger m ijfien than in ivomm, 
oh account of the sfee of the spermatic cord. ^ 
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The intercrural fibres (intercolumnar fibres) are a series of curved tendi- 
nous fibres, which arch across the lower part of the aponeurosis of the Obliquus 
extemus, d^eribing curves with the convexities downwards. They have 
received their name from stretching across between the two crura of the sub- 
cutaneous inguinal ring, and they are much thicker and stronger at the inferior 
crus, vrhere they are connected to the inguinal Kgament, than superiorly, where 
they are inserted into the linea alba. The intercrural fibres increase the 
strength of the lower part of the aponeurosis, and tend to prevent the divergence 
of the crura from one another ; they are more strongly developed in the male 
than in the female. 


Fifi. 633. — The subcutaneous inguinal rinp 



As they pass across the subcutaneous inguinal nng, they are connected 
together by delicate fibrous tissue, forming a fascia, called the intercrural 
fascia, Tms intercrural fascia is continued down as a tubular prolonga- 
,tion around the spermatic cord and testis, and encloses them in a sheath ; 
hence it is also called the external spermatic fascia. The subcutaneous inguinal 
ring is seen as a distinct aperture onlj?^ after the intercrural fascia has been 
removed. 

The inguinal ligament (Poupart’s ligament) (figs. 533, oJM) is the lower 
border of the aponeurosis of the Obliquus externus, and extends from the 
anterior superior iliac spine to the pubic tubercle. From this latter point it is 
reflected backwards and lateralwar^ as the lacunar ligament which is attaclu^;^ 
to the peoten pubis for about 1*25 cm. Its general dlrectiori is convex dov^ 
wa^ towards tM thigh, where it is continuous with the fascia lata* Its 
latest half is' rounded, and oblique in direction; its medial halt gradually 
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widens at its attachment to the os pubis, is more horizontal in direction, and* 
supports the spermatic cord. 

The lacunar ligament (Gimbcmat's ligament) (figs. 534) is that part of the 
aponeurosis of the Obliquus extemus which is reflected backwards and lateral- 
wards, to be attached to the pecteii pubis. It is of a triangular form, and is 
almost horizontal in direction when the body is in the erect posture ; it is a 
little larSfSr in the male than in the female, and measures about 2 cm. from 
base to apex. Its base, directed laterally, is concave, thin, and sharp, and 
forms the medial boundary of the femoral ring ; its apex corresponds to the 
pubic tubercle. Its posterior mar^n is attached to the pecten pubis, and is 
contiiuious with the pectineal fascia ; its anterior margin is attached to the 
inguinal ligament. Its surfaces are directed upwards and downwards. 


Fig. «534. — The inguinal and lacunar ligaments. 



J|The reflected inguinal ligament (triangular fascia) is a triangular-shaped 
layer of tendinous fibres; it is formed by an expansion from the lacunar Ugamont 
and the inferior crus of the subcutaneous inguinal ring. It passes medialwards 
behind the spermatic cord, expands into a somewhat fan-shaped band beliind 
the superior crus of the subcutaneous inguinal ring and in front of the inguinal 
aponeurotic falx, and interlaces with the ligament of the other side at the 
linea alba. 

Ligament of Cooper . — ^This is a strong fibrous band, which was first described 
by Sir Astley Cooper. It extends lateralwards from the base of the lacunar 
ligament (fig. 534) along the pecten pubis, to which it is attached. It is 
strengthened by the pectineal fascia, and by a lateral expansion from the lower 
attachment of the linea alba (adminiculum linese albm). 

The Obliquus internus abdominis (fig. 535), thinner and smaller than 
the Obliquus externus, beneath which it lies, is of an irremlarly quadrilateral 
form. It arises, by fleshy fibres, from the lateral half of the grooved upper 
surface of the inguinal ligament, from the anterior two-thirds of the middle 
Up of the iliac crest, and from the posterior lamella of the lumbodorsal fascia. 
From this origin the fibres diverge ; those from the. inguinal ligament, few in 
number, and paler in colour than the rest, arch downwards and medialwards 
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across the spermatic cord in the male, and the round ligament of the ulevus 
in the female, and, becoming tendinous, are inserted, conjointly with those of 
the Transversus, into the crest of the os pubis and into the nieclial part of the 
pecten pubis behind the lacunar ligament, forming what is known as the inguinal 
aponewotic falx. Those from the anterior third of the iliac origin are horizontal 
in their direction, and, becoming tendinous along the lower fourth of the linea 
semilunaris, pass in front of the Rectus abdominis to be inserted into the 
linea alba. Those arising from the middle third of the iliac origin run obliquely 


Fig. 536. — The Obliquus internus nbdoniinis. 



upwards and medialwards, and end in an aponeurosis ; this divides at the 
lateral border of the Rectus into tw'o lamellss, which are coiitiruied forwards, 
one in front of and the other behind this muscle, to the linea alba ; the posterior 
lamella has an attachment to the cartilages of the seventh, eighth, and ninth 
ribs. The most posterior fibres pass almost vertic'ally iqnvards, to be inserted 
into the inferior borders of the cartilages of the three lower ribs, being continuous 
with the Intercostales interni. 

The Cremaster (fig. 635) is a thin muscular la> er, composed of a number 
of fasciculi which arise from the middle of the inguinal ligament where its 
fibres are continuous with those of the Obliquns internus and also occasionally 
with the Transversus. It passes along the lateral side of the spi^rraatic cord, 
descends with it through the subcutaneous inguinal ring upon the front and 
sides«'Of the cord, and forms a series of loops which differ in thickness and 
length in different subjects. At the upper part of the cord the loops are short, 
but they become successively longer, the longest reaching down as low as the 
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testis, where a few are inserted into the tunica vaginalis. Thesjs loops are 
united together by areolar tissue, and form a thin covering over the oorii and 
testis, the crmmima fascia. The fibres ascend along the medial side of the 
cord, and are inserted by a small })ointed tendon into the tubercle and crest 
of the os pubis and into the front of the sheath of the Rectus abdominis. 


Fig. 536. — Tlu^ Transv(;rsus abdominis, Rectus abdominis, and Pyrarnidalis. 



The Transversus abdominis (fig. 538), so called from the direction of its 
fibres, is the most internal of the flat muscles of the abdomen, being situated 
deep to the Obliquus internus. It arises by fleshy fibres from the lateral 
third of the inguinal ligament, from the anterior three-fourths of the inner 
lip of the iliac crest, from the inner surfaces of the cartilages of the lower six 
ribs, interdigitating with the Diaphragm, and from the lumbodoi^l fascia* 
The muscle ends in front in a broad aponeurosis, the lower fibres of :^tdch 
curve downwards and medialwards, and are inserted, togetW with, those of 
the Obliquus intemus, into the crest of the os pubis and pecten pubis» Conning 
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th6 infl^uinsil aponourotio falx* Throughout the rest of its extent the aponeurosis 
passes horizontally to the middle line, and is inserted into the linea alba ; 
its upper three-fourths lie behind the Rectus and blend with the posterior 
lamella of the aponeurosis of the Obliquus intemus ; its lower fourth is in 
front of the Rectus. 

The inguinal aponeurotic falx, or conjoined tendon of the Obliquus internus 
and Transversus, is mainly formed by the lower part of the tendon of the 
Transversus, and is inserted into the crest of the os pubis and pecten pubis, 
immediately behind the subcutaneous inguinal ring, serving to protect what 
would otherwise be a weak point in the abdominal wall. Lateral to the falx 
is a ligamentous band connected with the lower margin of the Transversus 
and extending down to the superior ramus of the os pubis ; it is termed the 
interfooeolar ligament (of Hesselbach) (fig. 537), and sometimes contains a 
few muscular fibres. 


Kio. 537. — Tho intorfoveolar ligament, seen frcmiin front. (Modified from Braiuie.) 


lAnca semicirmb^rtK Trn nx vl rsuit 



Inguinal aponeurotic falx Interfoveolar I'ujamfnt 


^“lue Rectus abdominis (lig. 536) is a long Hat jiiusele, broader abovt^ than 
below, which extends along the whole length of the front of the abdomen, 
and is separated from its fellow of the opposite side by the linea alba. It 
arises by two tendons ; tho lateral and larger is attached to the crest of the 
03 pubis, the medial interlaces -with its fellow of the opposite side and is con- 
nected with the ligamentous fibres covering the front of the symphysis pubis. 
The muscle is inserted by three slips of unequal size into tho cartilages of the 
fifth, sixth, and seventh ribs ; some fibres of the upper slip are usually inserted 
into tho anterior extremity of the fifth rib ; some are occasionally connected 
with the costoxiphoid ligaments and the side of tho .xiphoid process. 

The Bectus is crossed by three fibrous bands, which arc named the tendinous 
inacriptiona ; one is usually situated opposite the umbilicus, the second opposite 
the free end of tho xiphoid process, and the third about midway between the 
xiphoid process and the umbilicus. These inscriptions pass transversely or 
obliquely across the muscle in a zigzag course ; they rarely extend completely 
through'its substance and may pass only halfway across it ; they are intimately 
adherent in fremt to the sheath of tho muscle. Sometimes one or two additional 
but incomplete inscriptions are present below the umbilicus. 

The Bectus is enclosed in a sheath (fig. 636) fomed by the aponeuroses of 
the Obliqui and Transversus, which are arranged in the following maimer. 
At the latensd margin of ttie Boctus, the aponeurosis of the Obliquus intemus 
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divides into two lamellse, one of which passes in front of the Rectus, blending 
with the aponeurosis of the Obliquus externus, the other, behind it, blending 
with the aponeurosis of the Transversus, and these, joining again at the medial 
border of the Rectus, are inserted into the linea alba. This arrangement of the 
aponeuroses exists from the costal mar^n to midway between the umbilic^ 
and sym^ysis pubis, where the posterior wall of the sheath ends in a thin 


Fia. Diagram of sheath of Eectus. 



curved margin, the linen semicirciilariSy the concavity of which is directed 
downwards. In the upper part of the sheath muscular fibres of the Transversus 
extend into its posterior wall, and not infrequently do so to a considerable 
extent (fig. 638). Below the level of the linea semicircularis the aponeuroses 
of all throe muscles pass in front of the Rectus ; those of the Transversus and 
Obliquus internus are intimately fused together, but the aponeurosis of the 
Obliquus externus is bound to them merely by loose connective tissue except 
in and near the middle line ; behind, the Rectus is separated from the peri- 
toneum by the transversalis fascia (fig. 539). Since the tendons of the Obliquus 
internus and Transversus only reach as high as the costal margin, it follows 
that above this level the sheath of the Rectus’ is deficient posteriorly, the 
muscle resting directly on the cartilages of the ribs ; in front, this pari is covered 
merely by the tendon of the Obliquus externus. 

The Pyramidalis (fig 536) is a small triangular muscle, placed at the lower 
part of the abdomen, in front of the Rectus, and contained in the sheath of that 
muscle. Xt arises by tendinous fibres from the front of the os pubis and from 
the ligamentous fibres in front of the symphysis ; the fleshy portion of the 
muscle passes upw^ards, diminishing in size as it ascends, and ends in a pointed 
extremity which is inserted into the linea alba midway between the umbilicus 
and os pubis, but may extend to a liigher level. This muscle may be larger 
on one side than on the other, or may be wanting on one or both sides. 

Besides the Rectus and P}Tamidalis, the sheath of the Rectus contains the 
superior and inferior epigastric arteries, and the terminal portions of the lower 
intercostal nerves. 


Fio. 530. — Diiigrain of a trims verse section through the anterior abdominal wall, 
])rlo\v the Jiuca semicircularis. 



Lin ra alba Transversus 


The linea alba is a tendinous raphe in the middle line of the abdomen, 
stretching between the xiphoid process and the symphysis pubis. It is placed 
between the medial borders of the Recti, and is formed by the blending of the 
aponeuroses of the Obliqui and Transversi. It is narrow below, corresponding 
to the linear interval existing between the Recti ; but broads above, where 
these muscles diverge from one another. Its lower end has a double attach-* 
ment — ^its superfioial fibres passing in front of the medial heads of the Recti to 
the symphysis pubis, while its deeper fibres form a triangular lamella, attached 
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behind the Recti to the posterior lip of the crest of the os iJubis, and named the 
adminicidum lin^alboi. The linea alba presents apertures for the passage of 
vessels and nervVp the umbilicus, which in the foetus exists as an aperture and 
transmits the umbilical vessels, is closed a few days after birth. 

The lineae semilunares are two curved tendinous lines coiTesponding with 
the lateral borders of the Recti ; each extends from the cartilage of the ninth 
rib to the pubic tubercle, and is formed by the aponeurosis of the Obliquus 
intern us at its line of division to enclose the Rectus, reinforced in front by 
that of the Obliquus externus, and behind by that of the Transversus. 

Nerves. — The abdominal mascles are supplied by the lower intercostal nerves. 
The Obliquus internus and Transversus also receive filaments from the anterior 
branch of the iliohypogastric and sometimes from the ilio-inguinal. The Cremaster 
is supplied by the external spermatic branch of the genitofemoral nerve, and the 
Pyramidalis usually by the twelfth thoracic. 

Actions. — When the pelvis and thorax are lixed, the abdominal muscles com- 
press the abdominal viscera, in which action they are matcrialljr assisted by the 
descent of the Diaphragm. By these means assistance is given in expelling the 
hcces from the rectum, the urine from the bladder, the foetus from the uterus, 
and the contents of the stomach in vomiting. 

If the pelvis and vertebral column be fixed, these muscles compress the louver 
part of the thorax, materially assisting expiration. If the pelvis alone l-o fixed, 
the thorax is bent directly foj ward vrhen the muscles of both sides act : when the 
muscles of only one side contract, the trunk is bent towards that side and rotated 
towards the opposite side. 

If the thorax be fixed, the muscles, acting together, draw the pelvis upwards, 
as in climbing; or, acting singly, they draw the pelvis upwards, and bend the 
vertebral column to one side or the other. The Kecti. acting frojn below, depress 
the thorax, and consequently flex the vertebral eolinnn ; wlien acting from above, 
they flex the pelvis ii])on tlie vertebral column. The Pyrainidales are tensors of 
the linea alba. 

The transversalis fascia is a thin aponeurotic membrane which lies 
between the inner surface of tlie Transversus muscle and tlie extraperitoneal 
fat. It forms part of tlio general layer of fascia lining the abdo^iinal parietes, 
and is continuous with the iliac and ])e.lvic fasciae. Jn the inguinal region 
it< is thick and dense in structure and is joined hy fibres from the. aponeurosis 
of the Transversus, but it becomes thin as it ascends to the Dia])hragm, and 
blends Avith the fascia covering the under surface of this musch;. Jiehind, it 
is lost in the fat which covers the posterior surfaces of the kidneys. Below, 
it has the following attachments : posteriorly, to the whole length of the iliac 
crest, between the origins of the Transversus and Iliacus ; between the anterior 
superior iliac spine and the femoral vessels it is connected to tht^ posterior 
margin of the inguinal ligament, and is there continuous with the iliac fascia 
Medially to the femoral vessels it is thin and is fixed to the ])octen pubis, behind 
the inguinal aponeurotic falx, w jth which it i.s united ; it descends in front of the 
femoral vessels to form the anterior wall of the femoral sheath. The .s])ermatjc 
cord in the male, and the round ligament of .the uterus in the female, ])ass 
through the transversalis fascia at a spot called the abdominal inguinal ring. 
This opening is not visible externally since the transversalis fascia is i)rolonged 
on these structures as the infundibuliform fascia. 

The abdominal inguinal ring (internal abdominal ring) is situated in the 
transversalis fascia, midway between the anterior sui>erior iliac spine and the 
symphysis pubis, and about I '25 cm. above the inguinal ligament (fig. 540). 
It is of an oval form, the long axis of the oval being vertical ; it varies in size 
in different subjects, and is much larger in the male than in the female, [t is 
bounded above by the arched lower margin of the Transversus, and medially 
by the inferior epigastric vessels. It transmits the spermatic coi-d in the male 
and the round ligament of the uterus in the female. From its circumference 
a thin funnel-shaped membrane, the inftindibaliform fascia, is continued as a 
covering on the spermatic cord and testis. 

The inguinal canal contains the spermatic cord and the ilio-inguinal nerve 
in the male, and the round ligament of the uterus and the ilio-inguinal nerve in 
the female. It is an oblique canal about 4 cm. long, slanting downwards and 
medialwartls, and placed parallel with and a little above the inguinal ligament ; 

c.A. 2 i3 ■ 
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it extends from the abdominal* inguinal ring to the subcutaneous t*i giiin«,l nog. 
It is bounded in ftont by the integument, sujpetftdal f(ao ».jind i a|>oneujK»u,of 
the Obliquus extmiiiis tmoughout its whole leng^, mid by tMHj^bliquus int^us 
in its lateral third ; behind by the reflected inguinal ligSffient, the inguinal - 
aponeurotio falx, the transversalis fascia, the extraperitoi^ connective tissue,, 
and theggpritoneum ; abcve by the arched fibres of the Obliquus intemus and 
Transversus abdominis ; below by the union of .the transversalis fascia with 
the inguinal ligament, and at its medial end by the lacunar ligament. 

Ez^aperitoneal connective tissue. — ^Between' the iaber surface of the 
general layer of the fascia which lines the interior of the abdominal and pelvic 
cavities, and the peritoneum, there is a considerable amount of connective 
tissue, termed the extraperiioneal or svbperitoneal connective tieaue. 


Via. 640. — The abdominal inguinal ring. 



The paneteZ portion lines the cavity, and varies in quantity in different 
situations. It is especially abundant on the posterior wall of the abdomen, 
and particularly around the kidneys, where it contains much fat. It is ^anty 
on the anterolateral wall of the abdomen, except in the pubic region above 
the iliac crest ; there is a considerable amount in the pdvis. 

The visceral portion follows the course of the branch^ of the abdc^inal 
aorta between the layers of the mesenteries and other folds of pbdtoneum 
which connect the various viscera to the abdominal widl. The two p<^ions 
are directly continuous with each other. 


2. PosTKBioB Mttscuss ov xhb Abdoueb 

Psoas major, Iliacus. V 

Psoas minor. Quadratus lumboruiu. 

The Psoas majtUr, the Psoas minor, and'the Iliacus, with the fan^.oq\n!iih%; 
them are, describe with the muscles of tiie lower extremuty (see p. 510 }, ’ ' 

Hie fascia covering the Quadratus Ituplxurum is a thiu 
mediafly, to the bases the ^ooept^ of the, ^ 
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below, td the iliolumbar Ug^ameut ; above, to the apex and lower border of the 
laat ribv The upper margin of this fascia, whioh extends from the transverse 
proeess of the first lumbar vertebra to the apex and lower border of the last rib, 
coustitutes the lateral lumbocostal arch (p. 462). Laterally, the fascia blends 
with the ante^or layer of the lumbodorsal fascia, which intervenes between 
the Quadratus Ittmbomm and the Sacrospinalis. 

The Quadratus lumborum'(fig. 628, p. 446) is irregularly quadrilateral in 
shape, and broader below than above. It arises by aponeurotic fibres from 
the iliolumbar ligament" and the adjacent portion of the iliac crest for about 
5 cm., and is inserted into the lower border *of the last rib for about half its 
length, and by tour small tendons into the apices of the transverse processes 
of the upper four lumbar vertebrae. Occasionally a second portion of this 
muscle is found in front of the preceding ; it arises from the upper borders of 
the transverse processes of the lower throe or four lumbar vertebrae, and is 
inserted into the lower margin of the last rib. 

In front of the Quadratus lumborum are the colon, the kidney, the Psoas major 
and minor, and the Diaphragm ; between the fascia and the muscle are the twelfth 
thoracic, ilioh 3 q)ogastric, and ilio-inguinal nerves. 

Nerve-supply. — The twelfth thoracic and first and second lumbar nerves supply 
this muscle. 

•f Actions. — The Quadratus lumbonim diaws down the last rib, and acts as a 
muscle of inspiration by helping to fix the origin of the Diaphragm. If the thorax 
and vertebral column are fixed, it may act upon the pelvis, raising it towards its 
own side when only one muscle is put in action ; and when both muscles act together, 
either from below or above, they flex the trunk. 


V. Muscles of the Pelvis 

Obturator internus. Levator ani. 

Piriformis. Coccygeus. 

The muscles within the pelvis may be divided into two groups : (1) the 
Piriformis and the Obturator intomus, which are described with the muscles 
of the lower extremity (pp. 623, 624) ; (2) the Levator ani and the Coccygeus, 
which together form the pelvic, diaphragm and are associated with the pelvic 
viscera. The classification of the tw^o groups under a common heading is 
convenient in connexion with the fascim investing the muscles. These fascim 
are closely related to one another and to the deep fascia of the perinssum, 
and in addition have special connexions with the fibrous coverings of the 
pelvic viscera ; it is customary therefore to describe them together under 
the term pdvic fascia. 

Pelvic fascia. — The fascia of the pelvis may be resolved into : (a) the 
fascial sheaths of the Obturator internus. Piriformis, and pelvic diaphragm ; 
(b) the fasci^ associated with the pelvic viscera. 

.The fascid of the Obturator internus covers the pelvic surface of, and is 
attached round the margin of the origin of, the muscle. Above, it is loosely 
connected to the back part of the arcuate line, and here it is continuous with 
the iliac fascia; In front of this, as it follows the line of origin of the. Obturator 
internus, it gradually separates from the iliac fascia and the continuity between 
the two is retained only through tho periosteum. It arches beneath the obtu- 
rator vessels and nerve, completing the obturator canal, and at the front of 
the pelvis is att^hed to the back of the superior ramus of the os pubis. Below, 
the obturator fascia is attached to the falciform process of the sacrotuberoos 
ligapmt and to tilie pubic arch, where it becomes continuouB with the superior 
fosoikk of til^e urogenital dia^diragm. Behind, it is prolonged into the glutseal 
region. 

The internal pndendal vessels and pudendal nerve cross the lower part of 
the p(^vic sbface the Qbturatdrlntemus, and are enclosed in a spechd oahal 

f^idipfi^ and is attached to the front of the 

aiM|, ^ S^ter ^tic foramen ; it is (Prolonged on the 
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muscle into the gluteal region. At its sacral attachment round the margins 
of the anterior sacral foramina it comes into intimate association with and 
ensheathes the nerves emerging from these foramina ; hence the sacral nerves 
are frequently described as lying behind the fascia. The internal iliac vessels 
and their branches, on the other hand,^lie in the subperitoneal tissue in front 
of the l^ia, and the branches of these vessels to the glutseal region emerge 
in specie^ sheaths of this tissue, above tod below the Piriformis muscle. 

The diaphragmatic part of the pelvic fascia (fig. 641) covers both surface 
of the Levatores ani. That on the inferior surface of the muscle is known 
as the anal fascia ; it is attached above to the obturator fascia along the line 
of origin of the Levator ani, while below, it is continuous with the superior 
fascia of the urogenital diaphragm, and with the fascia on the Sphincter ani 
internus. The layer covering the upper surface of the Levator ani follows, 
above, the line of origin of the muscle, and is therefore somewhat variable. 


Fig. 541. — Coronal section of pelvis, showing arrangement of fascia?. 
Viewed from behind. (DiagrammtCtic.) 
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Rectovesical layer 


canal. 


In front it is attached to the back of the symphysis j)ubiB about 2 cm. above 
its lower border, and can be traced lateralwards across the back of the superior 
ramus of the os pubis for a distance of about 1-25 cm., when it reaches the 
obturator fascia. It is attached to this fascia along a line which pursues a 
somewhat irregular course to the spine of the ischium. The irregularity of this 
line is due to the fact that the origin of the Levator ani, which in lower forms 
is from tlie pelvic brim, is in man lower dowu» on the obturator fascia. Ten- 
dinous fibres of origin of the muscle are therefore often found extending up 
towards, and in some cases reaching, the pelvic brim, and on these obe fascia is 
carried. The lower margin of the fascia covering the upper surface of the pelvic 
diaphra^ is attached along the line of insertion of the Levator ani. 

It wiU be evident that the fascia covering that part of the Obturator intemus 
which lies above the origin of the Levator ani is a composite fascia and includes 
the following ; (a) the obturator fascia ; (6) the fascia of the Levator ani ; 
(c) degenerated fibres of origin of the I/Cvator ani. i 

At the level of a line extending from the lower part of the symphysis pubis 
to the spine of the ischium is a thickened whitish band in this upper layer 
of the diaphragmatic part of the pelvic fascia. It is termed the tfnMncm 
arch or white Urn of the pelvic fascia, and marks the line of ^ttaohmenT of 
the special fascia (pars cndopelvina f^cisa pelvis) which is associated with the 
pelvic viscera^ , " , , ^ 
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The endopd/uic 'part of the pelvic fascia is continued over the various pelvic 
viscera {fig, 642 ), to form for them fibrous coverings which will be described 
later (sec section on Splanchnology). It is attached to the diaphragmatic 
part of the pelvic fascia along the tendinous arch, and has been subdivided 
in accordance with the viscera to which it is related. Thus its anterior part, 
known as the vesios^Ja^er, forms the anterior and lateral ligaments of the 
bladder. Its middle part crosses the' floor of the pelvis between the rectum 


Fig. 542. — Median sagittal section of pelvis, showing arrangement of fascia;. 

(Diagrammatic.) 



and vesiculae seminales as the redpyesical.layer ; in the female this is periorated 
by the vagina. Its posterior portion, known as the rectal layer, passes to the 
side of the rectum ; it forms a loose sheath for the rectum, but is firmly attached 
round the anal canal. 

The Levator ani (fig. 643) is a broad, thin muscle ; it is attached to the 
inner su^ace of the side of the lesser pelvis, and unites with its follow of the 
opposite side to form the greater part of the floor of the pelvic cavity. It 
arises, in front, from the posterica* surface of the superior ramiis of the os pubis 
laterally to the symphysis ; b<iiind, from the inner surface of the spine of the 
ischium ; and between these two points, from the obturator fascia. Postc^ork 
tills fascial ori^ correi^nds, more or less closelv,- with the tendinous 
of the pelvic iascia, but ih fronts the muscle arises from the fascia at a varying 
^stance the arch, in some coees reaching nearly as high as the cand 
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for the obturator vessels and nerve. The fibres phss downwaMs and biek* 
ivardfi to the middle line of the floor of the pelvis ; the post^or ^ 
inserted into the side of of the and into a me^OEm 

.flferous rapM betwwn the ,cooe 3 ds: $md 

the mar gin of the anus. Th& jniddl§. flli!res are inserted into the side of ^e 
anal can^ blending vdth those of the ^h^ter ihuscles ; l^tl;^, the 
fibres dei^end upon the side of the prostate, to unite beneath it \rith t he muscle 


' Fig. 648. — Left Levator aui from within. 



of the opposite side,^ johihig the fibres of the Sphin cter ai^ 
and Transversus permi^i superfioialis at the <^ntral ten^Effioparj^^C^^^^ 

■ pgrinsQum* , ' * . 

The anterior portion is occasionally separated from the rest of the muscle , 
by connective tissue. From this circumC^ce, as well as from its peoialii^ 
rdatiqn with the prostate, which it supporte as in a sling, it has been describe 
*as a distinct muscle, under the name m In the i^ale l^js 

anterior^fibres of the Levator ani daseend U]^ ^e idde of the vMhm* 

' ■ . ' • '>'!•, V ' ’ ^v' / ' V 

The Levator ani may be divided Into IHCcwjgeus^wd^ v! r : ' 

. The niooocptijfsus arises fmm Ihe iscBiel ti^ 

. dinpus arch <4 the pelvic fascia, and is attach^ to ^ and ancedHbja^^ . it 

is usually thin^ and may fail entirely 6r be largely rebjbce^ by^fitff^ 
slip at its posterior part is scsheismes ^amw ^ Tlie; 
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arises from the back of the os oubis and from the anterior part of the obturator fascia, and 
is directed backwards almost horisontally alon^ the side of the anal canal. Between the 
coccyx and the anal canal the Fubococcygei come together and form a thick, fibro- 
musoular layer lying on the raphe formed by the Uiococcygei. The fibres which form a 
sling for the rectum are named the Puhorectalia or Sphincter recti ; they rise from the 
lower part of the symphysis pubis, and from the superior fascia of the urogenital 
diaphram ; tibey meet with the corresponding fibres of the opposite side around the lower 
part of the rectum, and form for it a strong sling, ^ 

Symin^n* sup;gests that the Pubococcygeus should be named PuhoanaliSf as it is 
doubtful if any of fibres reach the coccyx. 

Relations. — Its upper or pelvic aurface is in relation with the diaphragmatic* part of 
the pelvic fascia which separates it from the bladder, prostate, rectum, and peritoneum. 
Its lower or nerinmal surface forms the medial boundary of the ischiorectal fossa, and is 
covered hy tne inferior layer of the diaphragmatic part of the pelvic fascia (anal fasci^. 
Its posterior border is free and separated from the Coccygeus muscle by areolar tiss^. 
Its anterior border is separated from the muscle of the opposite side by a triangular space, 
through which the urethra, and in the female the urethra and vagina, pass from the 
pelvis. 

Nerve-supply,— The Levator ani is supplied by a branch from the fourth sacral 
nerve and by a branch which is sometimes derived from the perinseal, sometimes 
from the inferior hsemorrhpidal, division of the pudendal nerve. 

The Coccygeiis (fig. 643) is situated behind the preceding. It is a trian- 
gular plane of muscular and tendinous fibres, arising by its apex from the 
sjaine of JthQ ischium and saprospinous Hgament, and inserted by its base into 
the margin of the coccyx and into th^ side pf the lowest piece of the sacrum. 
It assists the Levator ani and Kriformis in closing the posterior part of the 
outlet of the pelvis. 

Nerve-snpply, — The Coccygeus is supplied by a branch from the fourth and 
fifth sacral nerves. 

' Actions.— The Levatores ani constrict the lower end of the rectum and vagina. 
They are also muscles of forced expiration. The Coccygei pull forward and support 
the coccyx, after it has been |>ressed backwards during deflation or parturition. 
The Levator^ ani and Coccygei together form a muscular diaphragm which supports 
the pelvic viscera. 


VI. Muscles of the PEBiNiEUM 

The perinmum corresponds to the outlet of the pelvis. Its deep boundaries 
are — ^in front, the pubic arch and the ligamentum arcuatum pubis ; behind, 
the tip of the coccyx ; and on either side the inferior rami of the os pubis and 
ischium, and the sacrotuberous ligament. The space is somewhat lozenge- 
shaped and is limited on the surface of the body by the scrotum in front, by 
the buttocks behind, and by the medial sides of the thighs laterally. A line 
drawn transversely in front of the ischial tuberosities divides the space into 
two portions. The posterior contains the termination of the anal canal, and 
is known as the ami regwn ; the anterior contains the external urogenital 
organs, and is termed the urogenital region. 

The muscles of the perimeum may therefore be divided into two groups : 

1. Those of the anal re^on. 

2. Thpse of the urogenital region : a, In the male ; b, In the female. 


1. Muscles of the Anal Region 

Gonfugator cutis ani. Sphinoter ani extemus. Sphincter ani internus. 

The superficial is very thick, areolar in texture, and coutaiiis much 

fat in its ines^. Qh either side a pad of fatty tissue extends deeply between 
the ani and Ohtuiiator internus into a space known as the ischioreetal^ 

fosm, 

yot xlvi, 
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The deep fascia forms the lining o£ the ischiorectal fossa ; it compises 
the anal fascia, and the portion of obturator fascia below the origin of 
Levator ani. 

Ischiorectal /tw^a.-r-Tho fossa is somewhat prismatic in shape, with its base 
directed to the surface of the perinasum, and its apex at the line of meeting 
of the Q^^ator and anal fascia). It is bounded medially by the Sphincter 
ani extemus and the anal fascia ; laterally, by the tuberosity of the ischium 
and the obturator fascia ; anteriorly, by the fascia of Colies covering the 
Transversus pcrincei superficlalis, and by the fascia of the urogenital diaphragm ; 
posteriorly, by the Glutfeus maximus and the sacrotuberous ligament. Crossing 
the space transversely are the inferior hasmoiThpidal vessels and nerves ; 
at the posterior part are the perinssal and perforating cutaneous branches 
oLthe pudendal plexus ; while from the anterior part the posterior scrotal 
(ot labial) vessels and nerves emerge. The internal pudendal vessels and 
pudendal nerve lie on the lateral wall of the fossa, in Alcock’s canal. The 
fossa is filled with fattj^ tissue, across whicl\ numerous fibrous bands extend 
from side to side. 


Applied Analomy . — Abscess in the ischiorectal fossa commonly occurs; it is most 
often the result of infection from the bowel, and is especially prone to occur in tuber- 
culous subjects; occasionally it follows perforation by a foreign body which has been 
swallowed, such as a fish bone. The abscess may bulge at the side of the anus, at the 
Ijoider of Glutteus maximus, or against the rectal wall. There is great pain on dcfoecation. 
On examining the bowel, fullness on the side of the abscess may bo detected. If left to 
itself the pus will find exit through the skin, or into the rectum between the two 
Sphincters; and the condition will degenerate into one of the varieties of fistula, owing 
to the constant pull of the Sphincter ani externus preventing closure of the walls of the 
cavity. Those abscesses should be opened at tbo earliest possible moment, as they tend 
to track and burrow widely into the soft fat in the fossa, and also in the subcutaneous 
tissues. An incision should bo made tangential to the amis over the region of the 
ischiorectal fossa, and should then be converted into a T, by making a second incision 
laterally at right angles to it, so that the woxind may bo kept open and may heal up from 
tlic bottom. Frequently, 1 owevor, in spite of care, a fistula ensues which requires 
division of the Sphincter aiii externus for its cure. 

The Corrugator cutis ani. — Around the anus is a tliin stratum of involun- 
tary muscular fibres which radiatu from the orifice. Medially the fibres fade 
off into the submucous tissue? ; laterally they blend with the true skin. By 
its contraction the skin around the anus is raised into ridges. 

Tlie Sphincter ani externus (fig. 544) is a flat plane of muscular fibres, 
elliptical in shape and intimately adherent to tho skin surrounding the anus. 
It measures from 8 to 10 cm. in length and is about 2*5 cm. in width opposite 
the anus. It consists of two xmrtions, superficial and deep. The superficial 
portion, constituting the chief part of the muscle, arises from a narrow tendinous 
band, the anococcygeal raphe, which stretches from the tip of the coccyx to 
the posterior margin of the anus ; it forms two flattened planes of muscular 
tissue, which encircle the anus and meet in front to be inserted into the central 
tendinous point of the perinseiim, joining with the Transversus perinsei super- 
ficialis, the Levator ani, and the Bulbocavomosus. The deep portion forms 
a complete sphincter to the anal canal. Its fibres surround the canal, closely 
applied to the Sphincter ani internus, and in front blend with the other muscles 
at the central point of the perinaeum. In a considerable proportion of cases 
tho fibres decussate in front of the anus, and are continuous with, the Trans- 
versi perinsei superficiales. Posteriorly, they are not attached to the cocotx, 
but are continuous with those of the opj)osite side behind the anal canal. The 
upper edge of the muscle is ill-defined, since fibres are given off from it to join 
the Levator ani. 

Nerve-snpply. — A branch from the fourth sacral and t>viga from the inferior 
hflemorrhpidal branch of the pudendal supply the muscle. 

Actions.— 'The action of this muscle k peculiar. 1. It is normally in a state of 
tonic contrar;tion, and having no antagonistic muscle it keeps the anal canal and 
orifice closed. 2. It can be put into a condition of greater contraction under 
influence of the will, so as more firmly to occlude the anal aperture. S^ Tahi^ its 
fixed point at the coccyx, it helps to fix the central point of the perineeum. 
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The Sphincter ani internus is annuscnlar ring which surrounds about 
2-5 cm. of the anal canal ; its inferior boiler is in contact with, but separate 
from, the Sphincter ani externus. It is about 6 mm. thick, and is formed by 
an aggregation of^he involuntary circular fibres of the intestine! Its lower 
border is about 6 mm. from the onfice of the anus. 

Actions.— Ita action is entirely involuntary. It helps the Sphincter ani externus 
to occlude the anal aperture. 


2. A. Muscles of the Urogenital Region in the Male (fig. 544) 

Transversus perinaei superficialis. Ischiocavernosus. 

Bulbocavernosus. Transversus perinaei profundus. ' 

• Sphincter urethrae membranaceae. 

Superficial fascia. — ^Tho superficial fascia of this region consists of two 
layers, superficial and deep. 

The superficial layer is thick, loose, areolar in texture, and contains a variable 
amount of fat in its meshes. In front, it is continuous w'ith the dartos tunic 
of the scrotum ; behind, with the subcutaneous areolar tissue surrounding 
the anus ; and, on either side, with the same fascia on the medial sides of the 
thighs. In the middle line, it is adherent to the skin of the raphe and to 
the deep layer of the superficial fascia. 

The deep layer of superficial fascia (fascia of Colles) (lig. .542) is thin, apo- 
neurotic in structure, and of considerable strength, serving to bind down the 
muscles of the root of the penis. It is continuous, in front, with the dartos 
tunic, the deep fascia of the penis, the fascia of the spermatic cord, and Scarpa's 
fascia upon the anterior wall of the abdomen ; on cither side it is attached to 
the margins of the rami of the os pubis and ischium, laterally to the crus penis 
and as far back as. the tuberosity of the ischium ; posteriorly, it curves round 
the Transversi perinaei superficiales to join the low^tT margin of the inferior 
fascia of the urogenital diaphragm. In the middle line, it is connected with 
the superficial fascia and with the median se])tum of the Bulbocavernosus. 
At its posterior part this fascia sends upwards from its deep surface a medial 
septum, which incompletely separates the posterior portion of the subjacent 
space into two. 

The central tendinous point of the perimtum. — This is a fibrous point in 
the middle line of the }ierin«um, between the urethra and anus, and about 
1-25 cm. in front of the latter. At this point six muscles converge and 
are attached : viz. the Sphincter ani externus, the Bulboc?avernosu8, the 
two Transversi perinaei superficiales, and the anterior fibres of the two 
Levatores ani. 

The Transversus perinsei superficialis is a narrow muscular slip, which 
passes more or loss transversely across the perimeal space in front of the amis. 
It is often feebly developed, and is sometimcvs absent. It arises by tendinous 
fibres from the medial and anterior part of the tuberosity of the ischium, and, 
running medialwards, is inserted into the central tendinous point uf the peri- 
nsoum, joining in this situation with the muscle of the opposite side, with the 
Sphincter ani externus behind, and wdth the Bulbocavernosus in front. In 
some cases, the fibres of the deeper layer of the Sphincter ani externus decussate 
in front of the anus and arc continued into this muscle. Occasionally it gives 
off fibres, which join with the Bulbocavernosus of the same side. 

AcHohs.— The simultaneous contraction of the two muscles serves to fix the 
central tendinous point of the perinseum. 

The Bulbocavernosus (Ejaculator lurimo) is placed in the middle line of the 
perineum, in front of the anus, and consists of two symmetrical parts, united 
along the median line by a tendinous raphe. It arises from the cential tendinous 
point of the perimeum and from the median raphe in front. Its fibres diverge 
like the barbs of a quill-pen ; the most posterior form a thin layer, which is 
dost on the faiferior fascia of the urogenital diaphragm ; the middle fibres 
encircle the bulb and adjacent parts of the corptis cavemosum urethras, and 
are insert^ into a strong aponeurosis on the upper part of the corpus caver- 
zioanm urethras ; the anterior fibres spread out over the side of the corpus 
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oavemosum penis; to be inserted partly into that body^ anteriorly to Isohio- 

cavemosos, occasionally extending to os pubis, and paruy ending in a 
tendinous expiminpn which covers the dorsal vessels of the penis. 

Actions. — ^^is muscle serves to empty the canal of the urethra, after the Uadder 
has expelled its contents ; during the greater part of the act of micturition its 
fibres are^laxed, and it only comes into action at the end of the process. The 


Fig. 644. — Muscles of male perinaeum. 



middle fibres are supposed by Krause to assist in the erection of the cdrpus caver- 
nosum urethra, by compressing the erectile tissue of the bulb. The anterior fibres, 
according to Tyrrel, also contribute to the erection of the penis by compzesSilig tibe 
deep doiBsl vein of the penis, as they are inserted into, and continuous ISith^ the 
fascia of the penis. 

The Ischiocavernosus (Erector penis) covers the crus penis. It ariM 
by tendinous and fie^y fibres from the inner surface of the tuberosity tlie . 
ischium, behind the crus penis ; and from the rami of the os pubi^imd ischitti^ 
on either side of the crus. The muscular fibres end in an aponeuroeip wttoh 
is inserted into the sides and under surface of the oms penis. ; " 

Aetion«i— The iBchiocaTeriioaus compresses the crus petfis, anS retards the . 
return of the blood through the veins, and thus serves to maintaiii 
, erect. ' 
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the muBcles just examined a tnangnlar space exists, bounded mediallv 
l?aiwv«M *^^°^^*™**''*’ leohiocavemosus, and behind by the 

Buperfici^; the floor is formed by the inferior faJia of 
from behind forwar* in the space are the 
scrotal v^ls and nerves, and the perinseal branch of the posterior femoral 

f^cia of the Progenital region forms an investment for the 

STe membranacem, but 

* “! "«> **»« vessels and nerves of this part, the whole forming 

ShS^S^rt as th® urogenital diaphragm. From^ 

am/Tt is ai^ u fascia IS sometimes termed the trianguiar ligament, 

arch, so as to close 
P®^^*® outlet. It consists of two dense membranous 
lamina (fig. 646), which are umted along their posterior borders, but are 


Fio. 646,— Coronol section of Mterior part of pelvis, through the pubic arch, 
oeen from m front. (Diagrammatic.) 



soparat^ in ^nt by mtervening structures. The superficial of these two 
layers, the tnfenor faada of the urogenital diaphragm (superficial layer of the 
.trunplar l^^ent), is triangular in shape, and about 4 cm. in depth. Its apex 
IS d^ted forwards, and is separated from the arcuate pubic ligament by m 
oval' opening for the transmission of the deep dorsal vein of the penis. Its 
later^ margins are attached on either side to the inferior rami of the os pubis 
atM ischium, above the crus penis. Its base is directed towards the anus^and 
04^60^ to tile central tendinous point of the perinmum. It is continuous 
with tbfi deep layw of the superficial fascia behind the Transversus perinmi 
Wpetflmailis, and with tiie inferior layer of the diaphragmatic part of the pelvic 
(anal fascia). It is perforated, about 2-6 cm. below the symphysis Mbis 
by the urethra, tiie aperture for which is circular and about 6 mm. m^ameter • 
nwves to the bulb and the ducts of the bulbo-urethrai 
glands dose to the uretiira ; by the deep arteries of the penis, one mi either 
(flow to tiie pubio.^h ea^ about halfway along the attached margin of 
^e faaem } by the dorsal artfoito and. nerves of the penis near the apex of the 
f^i huet is also pelted by the posterior scrotal vessels nerW 
hetweap its apex . and (he arcuate pubic ligament the deep dorsal ^ 
of tiie pehis ppaaos uptoC^ hi'^ toe pd^^^ ^ - 
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If the inferior fascia of the urogenital diaphragm be detached, the following 
structures will bo seen between it and the superior fascia : the deep dorsal 
vein of the penis, the membranous portion of the urethra, the Transversus 
perinsei profundus and Sphincter urothrsD membranacese muscles, the bulbo- 
urethral glands and their ducts, the pudendal vessels and dorsal nerves 
of the pms, the arteries and nerves of the urethral bulb, and a plexus of 
veins. 

The superior fascin of the urogenital diaphragm (deep la 5 'er of the triangular 
ligament) is continuous with the obturator fascia and stretches across the pubic 
arch. If the obturator fascia be traced medially after leaving the Obturator 
internus muscle, it will be found attached by some of its deeper or anterior 
fibres to the inner margin of the pubic aich, while its superficial or posterior 
fibres pass over this attachment to become continuous with the superior fascia 
of the urogenital diaphragm. Behind, this layer of the fascia is continuous 
with the inferior fascia of the imogenital diaphragm and with the fascia of 
Colles ; in front it is continuous with the fa.cial sheath of the prostate, and 
is fused with the inferior fascia to form the transverse ligament of the pelvis. 

The Transversus perinsei profundus arises from the inferior rami of 
the ischium and runs to the median line, wnere it interlaces in a tendinous 
raphe with its fellow of ^he opposite side. It lies in the same plane as the 
Sphincter urethrae membranacese ; formerly the two muscles were described 
together as the Constrictor ureihroi. 

The Sphincter urethrae membranaccae surrounds the membranous por- 
tion of the urethra, and is enclosed m the fascia of the urogenital diaphi'agm. 
Its extemml fibres ar«o from t) junction of the inferior rami of the os pubis 
and ischium, to the e.vi^ent of 1 or 2 ojn., and from the neighbouring fascia). 
They arch across the front of tne urethra and bulbourethral glands, i)ass roimd 
the urethra, and behiiid it » nite wit'. e muscie the opposite side, by means 
of a tendinous rapbo. 1^^^ innermoA fibres foi’in continuous circular invest- 
ment for the membra lo^ arelhra. 

Actions. — The " both ‘3*i<k*s «aet together as a .sphincter, compressing 

the membranous ^jorti..! the urethra. During the transmission of fluids they, 
like the Bulbocavert^osus, are T-tlarcd, and only con kito action at the end of the 
proc(\sa to eject the lasu d.opa; 

Nerve-supply.- perinical branch of the , 'mdal nerve supplies this 
group of muscles 


2. B. Muscles of the Urocenital ^.egiov jv tiu. x’Emalb (fig. 646) 

Transversus perinaei superficialis. Tschiocaveriiosus. 

Bulboca VO rno.su s. Transversus perinsei profundus. 

Sphincter urethrae mom maceae. 

The Transversus perinsei superficialis in the female is a narrow muscular 
slip, which arises by a small tendon from the inner and fore part of the 
tuberosity of the ischium, and is inserted into the central tendinous point of 
the perinseum, joining in this situation with the muscle of the opposite side, the 
Sphincter ani extenius behind, and the Bulbocaverno&us in front. ' 

Action. — The simultanox>us contraction of the two muscles serves to fix the 
central tendinous point of the jxiiinaeura. 

The Bulbocavernosus (Sphincter vaginse) surrounds the orifice of the 
vagina. It covers the lateral parts of tho vestibular bulbs, and is attached 
posteriorly to the central tendinous ])oint of the perinapum, where it blends 
with the Sphincter ani extemus. Its fibres pass forwards on either side of tho 
vagina, to be inserted into the corpora cavernosa clitoridis, a fasciculuB crossing 
over the body of the organ so as to compress the deep dorsal vein. 

Actions* — Tho Bulbocavernosus diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris by th^ compression ot its 
deepdorsal vein. 

The Ischiocavernosus (Erector clitoridis), smaller than the corr^poi^ing 
piuscle in the male, covers tho unattached surface ci the oms oUtonois* It 
arises by tendinous and fleshy fibres from the inner surface of the tubm^My 
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of the ischium, behind the crus olitoridis ; from the surface of the crus ; and 
from the adj^^cent portion of the ramus of the ischium. The muscular fibres 
end in an aponeurosis which is inserted into the sides and under surface of 
the crus clitoridis. 

Actions. — The Ischiocavernosus compresses the crus clitoridis and retards the 
return of blood through the veins, and thus serves to maintain the clitoris erect. 

The fascia- of the urogenital diaphragm ^n the female is not so strong as in 
the male. It is attached to the pubic arch, its apox being connected with the 
arcuate pubic ligament. It is divided in the middle line by the aperture 
of the vagina; with the external coat of which it blends, and in front of this it 
is perforated by the urethra. Its posterior border is continuous with the deep 
layer of the superficial fascia around the Trans versus perinsei superficialis. 


Fig. 546. — Muscles of the female perinieum. (Modified from a 

Peter Tliompson.) * 

Clitoris 



drawing by 


Like the corresponding fascia in the male, it consists of two layers, between 
which are to be found the foMowing Htmetures ; the d(?ep dorsal vein of the 
clitoris, a portion of the urethra, the Transversus perinaei ]3rofimdus and 
Sphincter urethras meirbranaceas muscles, the greater vestibular glands and 
their ducts, the internal pudendiil vessels and the dorsal nerves of the clitoris, 
the arteries and nerves of the bulbi vestibuli, and a plexus of veins. 

The Transversus perinxi profundus arises from the inferior rami of the 
ischium and runs across to the side of the vagina. 

The Sphincter urethrae membranaceae, like the corresponding muscle in 
the male, consists of external and internal fibres. The external fibres arise on 
i^eitit^er side from the margin of the inferior ramus of the os pubis. They arc 
directed across the pubic arch in front of the urethra, and pass round it to 
blend with the muscular fibres of the opi)osite wsidc. between tlio urethra and 
vagina. The. innermost fibres encircle the lower end of the urethra. 

Hetve-snpply. — ^The muscles of this group are supplied by the pcrinreal branch 
of the pudendal nerve. 
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FASCIiE AND MUSCLES OF THE UPPER EXTREMITY 

The muscles of the upper extremity are divisible into the following groups : 

I. M«S(|ies connecting the upper extremity with the vertebral column. 

II. Muscles connecting the upper extremity to the anterior and lateral 
thoracic walls. 

III. Muscles of the shoulder. IV. Muscles of the Arm. 

V. Muscles of the forearm. • VI. Muscles of the hand. 


I. Muscles connecting the Upper Extremity with the Vertebral 

Column 

Trapezius. Rhomboideus major. 

Latissimus dorsi. Rhomboideus minor. 

Levator scapulae. 

The superficial fascia of the back forms a layer of considerable thickness 
and strength, and contains a quantity of ^anular fat. It is continuous with 
the general superficial fascia. 

The deep fascia is a dense fibrous layer, attached above to the superior 
nuchal line of the occipital bone ; in the middle line it is fixed to the ligamentum 
nuchse and supraspinal ligament, and to the spinous processes of all the vertebras 
below the .seventh cervical : laterally, in the neck it is continuous with the 
fascia colli ; over the shoulder it is attached to the spine of the scapula and 
to the acromion, and is continued downwards over the Deltoideus to the arm ; 
on the thorax it is continuous with the deep fascia of the axilla and chest, and 
on the abdomen with that covering the abdominal muscles ; below, it is attached 
to the crest of the iliiim. 

The Trapezkis (fig. 647) is a fiat, triangular muscle, covering the back of 
the neck and shoulder. It arises from the medial third of the superior nuchal 
line of the occipital bone, the external occipital protuberance, the ligamentum 
nuchfle, the spinous process of the seventh cervical, and the spinous processes 
of all the thoracic vertebrae, and the corresponding portion of the supraspinal 
ligament. The superior fibres proceed downwards and lateralwards, the 
inferior upwards and lateralwards, and the middle horizontally ; the superior 
fibres are inserted into the posterior border of the lateral third of the clavicle ; 
the middle fibres into the medial margin of the acromion and the superior 
lip of the posterior border of the spine of the scapula ; the inferior fibres con- 
verge and end in an aponeurosis, which glides over the smooth triangular 
surface on the medial end of the spine of the scapula, a bursa being interposed, 
and is inserted into a tubercle at the apex of this smooth triangular surface. 
The upper part of the Trapezius is connected to the occipital bone by a thin 
fibrous lamina, firmly adherent to the skin ; the middle part arises by a broad 
semi-elliptical aponeurosis, which reaches from the sixth cervical to the thurd 
thorAcic vertebra ; the lower part arises by short tendinoais fibres. The 
two Trapezius muscles together resemble a trapezium, or quadrangle ; two 
angles corresponding to the shoulders ; a third to the occipital pro|uberanoe ; 
and the fourth to the spinous process of the twelfth thoracic vertebra;** ' 

The clavicular insertion of this muscle varies in extent : it sonHetinieB 
reaches as far as the middle of the clavicle, and occasionally blende with, or 
overlaps the posterior edge of the Stemocl^domastoideus. f . ' . 

The Latissimus dorsi (fig. 547) is a large triangular, fiat inuscle, wl^ph 
. covers the lunibar region and the lower half of the thoracic i»gian ; > 
fibr^ converge to a narrow tendon of insertion. It arises by tendinous 
from the spinoos processes of the lower six thoracic vertebras in i^nt 
Trapesiufi, and from the posterior layer of the Ittmbodpinal 
which it is attAched to the spines of the lumbar and fuior^ 

.tThfttwo masslfls ioovet the back cif tbs neolc and sbovldeifi Wk» a 
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Fio.. 547, — ^Mttsole0 oonneotiDg; the upper extremity to the vertebral column. 
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supraspinal ligament; and to the posterior part of the crest^of the ilium. In ' 
addition, it arises by muscular fibres from the external lip of the crest of tl^'* ^ 
ilium lateral to the margin of the Sacrospinalis, and from the three or foiiC 
lower ribs by fleshy digitations which are interposed between similar processui 
of the Obliquus abdominis externus (fig. 532, p. 467). From this extensive - 
origin th&^bres pass in different directions, the upper ones horizontally, the ^ 
middle obliquely upwards, and the lower almost vertically upwards, so as to 
converge and form a thick fasciculus, the upper part of which crosses, 'and 
usually receives a few fibres from, the inferior angle of the scapula. The muscle 
curves around the lower bolder of the Teres major, and is tJnsted upon itself, 
so that the superior fibres become at first posterior and then inferior, and the 
ascending fibres at first anterior and then superior. It ends in a quadrilateral 
tendon, about 7 cm. long, which passes in front of the tendon of the Teres 
major, and is inserted into the bottom of the intertubercular sulcus of the 
humerus, giving an expansion to the deep fascia of the arm ; its insertion 
extends higher on the humerus than that of tho tendon of the Pectoralis major. 
The lower border of its tendon is united with that of the Teres major, the 
surfaces of the two tendons being separated near their insertions by a bursa ; 
another bursa is sometimes interposed between the muscle and the inferior 
angle of the scapula. 

\ muscular slip, the axillary arch, varying from 7 to 10 cm. in length, and from 6 to 
15 mm. ill breadth, occasionally springs from the upper edge of the Latisaimus dorsi 
about tho middle of the posterior fold of the axilla, and crosses the axilla in front of the 
axillary vessels and nc^rves, to join the under surface of the tendon of the Peetoralis 
majCr, the Coraeobriichialis. or the fascia over the Biceps brachii. This axillary arCh 
crosses the axillary artery, just above the spot usually selected for the application of a 
ligature, and may mislead tho surgeon during the operation. It is present in about 
seven per cent, of subjects and may bo easily recogtiised by tho direction of its fibres. 

A fibrous slip usually passes from the lower border of the tendon of the Latissimus 
dorsi, near its insertion*, to the long head of tho Triceps brachii. This is occasionally 
muscular, and is tho representative of the Dorsoepitrochleatis brachii of apes. 

The lower i>art of tin? lateral margin of the Latissimus dorsi is separated from 
the Obliquus <‘xternus abdominis by a small triangular interval, the lumbar triangle 
(of Petit), the base of which is formed by the iliac crest, and its floor by the Obliquus 
internus abdominis. Another triangle,' known as the triangle of amcnltation, is 
situated behind the scapula. It is bounded abo^-^e by the Trapezius, l>elow by the 
Latissimus dorsi, and laterally by the vertebral border of the .scapula ; the floor is 
partly formed by the RhomlK)idVus major. If the scapula be drawn forwards by 
folding the arriis across the chest, and the trunk bent forwards, parts of the sixth . 
and seventh ribs and the interspace betweem them become suh^taneous and 
available for auscultation. 

Nerves. — The Trapezius is supplied by the accessory nerve, and by branches 
from the third and fourth cervical nerves ; tlie Latissimus dorsi by the fifth, sixth, 
and seventh cervical nerves through the thoracodorsal (long ^bscapular) nerve. 

The Rhomboideus major (fig. o47) arises by tendinous fibres from the 
spinous processes of the second, third, fourth, and jfifth thoracic vertebrae and 
the supraspinal ligament. The fibres of the muscle are directed downwards- 
and lateral wards and are inserted into the vertebral bordiff. of the scapula 
between the triangular surface of the root of the spine' and the inferior angle. 
Usually the insertion is an indirect, one, the muscular fibres ending in, a tendinous 
arch which is fixed at its ends to the two points mentioned and joiiied to the 
vertebral border by a thin membrane ; occasionally, th^ arch is In^mplete, 
and some of .the muscular fibres are then insetted directly into the soai^Ia. • ^ 

The Rhomboideus minor (fig. 547) arises from the lower part of the liga- 
montum nuefase and from the spinous processes of the seventh cervical, and 
first thoracic vertebrsB ; it is inserted into the ]base of the triangular sn^th 
surface at the root of the spine of the scapula. It is usually sej^airatedifrbnr %hp * 
Rhomboideus major by a slight interval, but the adjacent margins of thg-twd ; 
muscles are occasionally united. ' \ ^ 

The Levator scapulae (fig* 547> is situated ai^ the baok ; 

It arises by tendinous Slips from the transverse proc^ses ,df 
4®istropheus and from the posterior tubercles of the tfansv^se tbe;^ 
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third and fourth^ cervical vertebrae. It is inserted into the vertebral border 
of the scapula, between the medial angle and the triangular smooth s\irfaoo 
r.t the root of the spine. 

Nerves. — The Ehomboidci are supplied by the fifth cervical through the doisal 
scapula# nerve ; the Levator scapulae by the third and fourth cervical nerves, and 
frequently by a branch from the dorsal scax^nlar. 

Actions. — When the whole Trapezius-vis in action it retracts the scapula and 
braces back the shoulder ; if the head be fixed, the upper part of the, muscle will 
elevate the point of the shoulder, as in supporting weights ; when the lower fibres 
contract they assist in depressing the scapula. The middle and lower fibres of the 
^ muscle rotate the scapula. If the shoulders be fixed, the Traj>ozii, acting together, 
will draw the head directly backwards ; or if only one act, the head is drawn to the 
corresponding side. 

When the Latissimus dorsi acts upon the humc^rus, it depresses and draws it 
backwards, and at the same time rotates it inwards. It is the muscle which is 
X)rincipally employed in giving a downward blow, as in felling a tree or in sabre 
l)ractice. If the arm be fixed, the muscle may act in various ways upon the trunk : 
thus, it may raise the lower ribs and assist in forcible inspiration ; or, if both arms 
be fixed, the two muscles may assist the abdomiiml muscles and Pectoralcs in 
suspending and drawing the tnink upwards and forwards, as in climbing. 

The Rhomboidei carry the inferior angle backwards and upwards, thus producing 
a slight rotation of the scapula upon the side of the chest, the Rhomboideus major 
acting especially on the inferior angle of the scajmla, through the tendinous arch by 
which it is inserted. The Rhomboidei, acting together with the middle and inferior 
fibres of the Trapezius, will retract the scapula. 

If the head be fixed, the Levator scapulae raises the medial angle of the scapula ; 
if the shoulder be fixed, the muscle inclines the neck to the corresponding side and 
rotates it in the same direction. 


II. Muscles connecting the Upper P]xtrkmity to the Anterior and 
Lateral Thoracic Wall.s 

Pecioralis major. Subclavius. 

PectoraJis minor. »Serratus anterior. 

The superficial fascia of the anterior thoracic region is continuous with 
that of the neck and upper extremity above, and of the abdomen below. Tt 
encloses the mamma and gives off numerous septa which pass into the gland to 
suxiport its various lobes. From the fascia over tlie front of the mamma, fi brous 
processes pass forwards to the integument and mammary xiajiilla ; th€‘se were 
called by Sir A. Cooper the ligamenfa sus’i^emoria. 

The pectoral fascia is a thin lamina, covering the »uria(5c of the Pecioralis 
major, and sending numerous prolongations between its fasciculi ; it is attached, 
in the middle line, to the front of the sternum ; above, to the clavicle ; laterally 
and below, it is continuous with the fascia of the shoulder, axilla, and thorax. 
It is very thin over the upper jiart of the Pectoralis major, but thicker in the 
interval between it and the Latissinms dorsi, where it closes in the axillary 
space and form$||^be axillary fascia ; this divides at the lateral margin of the 
I^tis.sinms dorgfimto two layers, one of which passes in front of, and the other 
, . behind this muscle ; .these proce^ as far as the spinous processes of the thoracic 
vertebrjjB, to which they are attached. As the fascia leaves the lower edge of 
the Pectoralis majen* to cross the floor of the axilla it sends a layer u^iwards 
uijder dfever of the muscle ; this lamina splits to envelop the Pectoralis minor, 
anchat the upper edge of this muscle is continuous with the coracoclavicular 
fascia. The hollow of the armpit, seen when the arm is abducted, is produced 
^ ipeToly by the traction of this fascia on the axillary floor, and hence the lamina 
named the stLspensory ligament of the axilla. At the lower part 
(rf the thol^acic region the deep fascia is welLdeyeloped, and is eontinuous with 
thi|;librous sheath of the Rectus abdominis. 

cases of suppuration in the axilla, the pus is prevented from 
by ih^ and therefore tends to spread upw'srds. 

beneaidi! {towards the root of the neck. Early evacuation of the pus 

' I'.k' Iri < ‘ > 2 H 
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ia tlierofore neceaaafy* The intasion should be made midway between the sntenor and 
posterior axillary folm, so as to avoid the lateral ^oracib and eubseapular vessels, 'an^ 
the edge of the fasife should be directed away from the axillary '^ssls. 

The Pectoralis major (fig. 548) is a thick, triangular mtiscle. sitaated at 
the upper and front part of the chest. It arises from the anterior surface of the 
sternal of the clavicle ; from half the breadth of 'the anterior s^pface of 
the sternum, as low down as the attachment of the cartilage of the or 


Fio. .'>48. — SiiperBcial muscles of the chest tuad front of the arm. 



seventh rib ; frpm the cartilages of all the time ribs, with the iscoep^ohi^' 

frequmtly, o| ttie first, or seventh, or both, and horA the anduiMi^ of 't)^ 

Obuquus extemus abdominis. From this extensive origin the fihteS' conv^i^V 

towards their insertion ; those arising from the clavicle para ' 

wards and lateral wards, and are usually separated from the 

mterval ; those from the lower part of the stmnnm, end the 

lower true ribs, run upwards and lateralwardst trl^e .jmr^ 

horissrsitally . They, a^nd in a fiat tendon, about 6 dU.. . 

into the Orest of thd.'^eater tubeimle Ofjitbe fdUi^Birus. 

two htminee, placed one in firofif crf.;the other, and 
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below. The antei^br lamina, the thicker, receives the clavicular and the 
Wpermost stemaJ fibr^ ; they are inserted in the same order as that in which 
they arise : that is to say, the most lateral of the clavicular fibres are inserted 
at the upper of the anterior lamina ; the uppermost sternal fibres pass 
down toT the lower part of the lamina, which extends as low as the tendon of the 
peltoideus and joins with it/ The posterior lamina of the tendon receives 
the attaOhment of the ^ater part of the sternal portion and the deep fibres, 
i.e: those from the costal cartilages. These deep fibres, and particularly those 
from the lower costal cartilages, turn backwards successively behind and 
reach a bighed: level than the superficial and upper ones, so tliat the tendon 
appears to be twisted. The posterior lamina of the tendon reaches higher 
on the humerus than ' the anterior, and gives off an expansion which covers 
the intertubercular sulcus and^* blends with the capsule of the shoulder-joint; 
Prom; the deepest fibres of this lamina at its insertion an expansion is given 
off which lines the intertubercular suleua, while from the lower border of the 
tendon a third expansion passes downwards to the fascia of the arm. 

Relations. — ^In front of the Peotoralis major aro the skin, superficial fascia, Platysma, 
anterior and middle supraclavicular nerves, mamma, and deep fascia; its posterior 
, surface is in contact with the stermim, ribs and costal cartilages, coracoclavicular fascia, 
Subclavius, Peotoralis minor, Serratus interior, and Intercostales ; it forms the anterior 
wall of the axillary space, and covers the axillary vessels and nerves aud the upper parts 
of the Biceps brachii and Goracobracbialis. > Its upper border is separated from the 
Deltoideus by a slight interspace, the deltoideopectoral triangle t or infraclavicular fossa^ 
.in which the cephalic vein and deltoid branch of tho thoraco-acromial artery lie. Its 
dower border forms the anterior fold of the axilla ; it is separated from tho Latissimus 
dorsi by a considerable interval at the medial wall of tho axilla ; but the two muscles 
gradually converge towards the lateral wall of tho space. 

The coracoclavicular fascia (costocoracoid membrane) is a strong fascia 
situated under cover of the .clavicular portion of the Pectoralis major. It 
occupies the interval between the Pectoralis minor and Subclavius, and protects 
the axillary vessels and nerves. Traced upwards, it splits to enclose the 
Subclavius, and is attached to the clavicle, in front of an^tbohind the muscle ; 
the layer behind the muscle fuses with the deep cervical fascia and with the 
sheath of the axillary vessels. Medially, it blends with tho fascia covering the 
first two intercostal spaces, and is attached also to the first rib medial to the origin 
of the Subclavius. Laterally, it is thick and dense, and is attached to the 
coracoid process. The portion extending from the first rib to the coracoid 
process is often stronger than the rest, and is .sometimes called the costocoracoid 
ligament. Below this, the faso|a is thin ; it splits to ensheatho the Pectcaralis 
minor ; a;nd from the lower border of this muscle is continued downwards to join 
the axillary fascia, and lateralWards to unite with the fascia covering the short 
head of the Biceps brachii. The coracoclavicular fascia is pierced by the cephalic 
vein, thoraco-^acromial artery and vein, and lateral anterior thoracic nerve. 

The Pectorali$ jtninor^(fig. 649) is a thin, triangular muscle, situated at 
the upper part of the thorax, beneath the Peotoralis major. It arises from the 
upper margins aikl outer surfaces of the third, fourth, and fifth ribs, near their 
cartil$;ges, and JbK>m the aponeuroses covering the Intercostales extemi ; the 
fibres pass upnjv^s and lateralwards, and epnverge to^ form a flat tendon, 
which i$ iusec^ into the piedial bordcf and upper surface of the coracoid 
)]^OQeas of^the scapula. 

Relatiens*— Its anterior surface is iu relation with the Pectoralis major, tho lateral 
, thoracic nerve, and the pectosar branch of the thoraco-acromial arter;3r; its 
pijisterioT mrfax^e^ with the ribs, Interoostales extemi, Serratus anterior, the axillary 
space; and sMUery vessels and brachial plexus of nerves. Its uwer border is 
s<i^tated clavicle by a narrow triangular interval occupied by the ooraoo- 

elavioxdar-.fe&oia, behind which arc the axiOary vessels aud nerves. Bunning parallel 
with thisA^sr border, of the* muscle is the lateral thoracic artery, and piercing tne muscle 
is the ined4l anterior thoraeio nerve. ^ 

is a . smaU, triangular mu^e/placed betweeu 
It arises by a; short, thick tendon from the first 
junction, iafioj^t^of ooi^okvkular 
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the lleshy fibres proceed obliquely upwards and lateralwards, to be inserted 
into the groove on the under surface of the clavicle between the costoclavicular 
and coracoclavicular ligaments. 

Relations. — Its posterior surface is separated horn the first rib by the subclavian 
vessels brachial plexus or nerves. Its anterior surface is separated from the 
PoctoralS^iajor by the coracoclavicular fascia, which, with the clavicle, forms an osseo- 
librous sheath for the muscle. 

The Serratus anterior (Serratus magnua) (fig. 549) is a muscular sheet, 
situated between the ribs and seai^ula at the upper and lateral part of the 


Fig. 540. — Deep muscles of the chest and front of the arm. 



chest. It arises by fleshy slips or digitations from the outer surfaces and 
superior borders of the upper eight or nine ribs, and from the ajioneuroses 
covering the intervening Intercostales. Each digitation (except the first) 
arises from the corresponding rib ; the first springs from the first and second 
ribs, and from the fascia covering the first intercostal space. The lower four 
slips interdigitate with the upper five slips of the Obliquus extemus abdoini|iis. 
From this extensive attachment- the fibres pass backwards, closely applied 
to the chest-waD, and reach the vertebral border of the scapula, and are inserted 
into its ventral surface in the following manner; The first digitation is inserted 
into a triangular area on the ventral surface of the medial angle. The next 
two or three digitations spread out to form a thin, triangular sheet, the base 
of which is directed backwards and is inserted into nearly the whble lei^h of 
the ventral surface of the vertebral border. The lower five or s^x^gltations 
converge to form a fan-shaped mass, the apex of which is inserted, by mnsotilar 
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and tendinous fibres, into a triangular impression on the ventral surface of the 
inferior angle* 

Nems. — The Peetoralis nmjor is supplied by the medial and lateral anterior 
thoracic nerves ; through these nerves the muscle receives filaments from all the 
spinal nerves entering into the formation of ^ the brachial plexus. The Pectoralis 
minor receives its fibres from the eighth cervical and first thoracic nerves through 
the medial anterior thoracic iterve. The Siibclavius is supplied by a filament from 
the fifth and sixth cervical nerves. The Serratus anterior is supplied by the long 
thoracic, which is derived from the fifth, sixth, and seventh cervical nerves. 

Actions, — If the arm has been raised by the Deltoideiis, the Pcctoralis major 
will, conjointly with the Latissimus dorsi and Teres major, depress it to the side of 
the chest. If acting alone, it adducts and draws forwards the arm, bringing it 
across the front of the chest, and at the same time rotates it inwards. The Pec- 
toralis minor depresses the point of the shoulder, drawing the scapula downwards 
and medialwards towards the thorax, and throwing the inferior angle backwards. 
The Subclavius depresses the shoulder, carrying it downwards and forwards. When 
the arms are elevated and fixed, all three muscles act upon the ribs, drawing them 
upwards and expanding the chest, and thus assisting in forced inspiration. The 
Serratus anterior, as a whole, carries the scapula forwards, and at the same time 
raises the vertebral border of the bone. It is, therefore, concerned in the action of 
pushing. Its lower and stronger fibres move the lower angle forwards and assist 
the Trapezius in rotating the bone at the sternoclavicular joint, and thus aid this 
muscle in raising the acromion and supporting weigiits iii^on the shoulder. It 
is also an assistant to the Deltoideus in raising the arm, inasmuch as during the 
action of this latter muscle it fixes the scapula and so steadies the glenoid cavity 
on which the head of the humerus rotates. After the Deltoideus has raised the arm 
to a right angle with the trunk, the vSerratus anterior and the Trapezius, by rotating 
the scapula, raise the arm into an almost vertical position. It is possible that 
when the shoulders are fixed the lower fibres of the Serratus anterior may assist in 
raising and everting the ribs ; but it is not the imjiortant inspiratory muscle it was 
formerly believed to be, 

Applidd Anatomy , — When the Serratus anterior is paralysed, the vertebral border, 
ami especially the lower angle of the scapula, leave tho ribs and stand out prominently 
on the surface, giving a peculiar ‘ winged ’ appearance to tho back fp. 271). The 
patient is unable to raise the arm, and an attempt to do so is followed by a further 
projection of the lower angle of the scapula from the back of tho thorax. 


III. Musci.Es OF THE 8 houh>h:e 

Deltoideus. Infraspinatus. 

Subscapularis. Teres minor. 

Siipraspinatus, Tores major. 

The deep fascia covering the Deltoideus invests the muscle, and sends 
numerous septa between its fasciculi. In front, it is continuous with the 
pectoral fascia; behind, where it is thick and strong, with the fascia 
infraspinala ; above, it is attached to the clavicle, the acromion, and the spine 
of the scapula ; below, it is continuous with tho brachial fascia. 

The Deltoideus (fig. 548) is a thick, triangular muscle, which covers 
the shoulder-joint. It arises from tlic anterior border and. upper surface of 
the lateral third of the clavicle ; from the lateral margin and upper surface 
of the acromion, and from the lower lip of the posterior border of the spine 
of the scapula, as far back as the triangular mviaee at its medial end. The 
fibi*es converge towards their insertion, the middle passing vertically, the 
anterior inclining backwards, and the posterior forwards ; they unite in a 
thick, tendon which is inserted into the deltoid tuberosity on the middle ol 
the lateral side of the body of the humerus. At its insertion the tendon gives 
off an expansion to the d^p fascia of the arm. This muscle is remarkably 
coarse in texture, and the part arising from the acromion consists of oblique 
fibres ; these arise iq a bipennate manner from the sides of tendinous septa, 
generally four in number,* which pass downwards from the acromion into the 
muscle. These b^Uque fibres are inserted into similar tendinous septa, generally 
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three in number, which siaeend from the ineertum of the iaucKsle, and aJteimate 
with the descending septa. The portions of the musole arisiDg &iom the clavicle 
and spine, of the scapula are not arranged in ^is manner, but are inserted 
into the margins of the inferior tendon. , 

Relatiom — ^Its superficial surface is in relation with the skin, the superficial and 
deep fasofi^Platysma, posterior supraclavicular, and lateral brachial cutaneous nerves. 
Its deep surface is separated from the articular capsule of the shoulder-joint hy a large 
bursa, and covers the coracoid process, coraco-acromial ligament, Pectoralis minor, 
Goracobrachialis, both heads of the Biceps brachii, the tendon of the Pectoralis major, 
the insertions of the Supraspinatus, Infraspinatus, and Teres minor, the long and lateral 
heads of the Triceps brachii, the humeral circumflex vessels, the axillary nerve, and the 
upper part of the body of the humerus. Its anterior border is separated at its upper 
part from the Pectoralis major by the doltoideopectoral triangle in which the cephalic vein 
and deltoid branch of the tnoraco-acromial artery lie ; lower down the two muscles are in 
close contact. Its posterior border rests on the Infraspinatus and Triceps brachii. 

Nerves. — The Deltoideus is supplied by the fifth and sixth cervical nerves 
through the axillary nerve. 

Actions. — The Deltoideius raises the arm from the side, so as to bring it at right 
angles with the trunk. Its anterior fibres, assisted by the Pectoralis major, draw 
the arm forwards ; and its posterior fibres, aided by the Teres major and Latissimus 
dorsi, draw it backwards. 

Applied Anatomy, — The Deltoideus is very liable to atrophy, and in this condition 
dislocation of t^he shoulder-joint is simulated, as there is flattening of tho shoulder and 
apparent prominence of the acromion ; the distance also between the acromion and the 
head of the bone is increased, and the tips of the fingers can be inserted between them. 
Atrophy of the Deltoideus may bo due to disuse, such as follows chronic arthritis or 
permanent injury of the shoulder-joint. It also frequently results from degenerations 
occurring in the medulla spinalis, or injury to the axillary nerve (‘ crutch-palsy ’). The 
Deltoideus, Supraspinatus, and Infraspinatus often escape in myopathic atrophies affect- 
ing the other muscles of the upper arm or shoulder in yoimg persons. 

The subscapular fascia is a thin membrane attached to the entire, circum* 
ference of the subscapular fossa, and giving origin by its deep surface to some 
of the fibres of the Subscapularis. 

The Subscapularis (fig. 549) is a largo triangular muscle which fills the 
subscapiilar fossa, and arises from its m^al two-thirds and from the lower 
two-thirds of the groove on the axillary border of the scapula. Some fibres 
arise from tendinous lamina which intersect the muscle and are attached to 
ridges on the bone ; others from an aponeurosis, which separates the "muscle 
from the Teres major and the long head of the Triceps brachii. The fibres pass 
lateralwards, and, gradually converging, end in a tendon which b inserted 
into the le^er tubercle of the humerus and the front of the capsule of the 
shoulder- joint. The tendon of the muscle is separated from the neck of tho 
scapula by a large bursa, which communicates with the cavity of the shoulder- 
joint through an aperture in the articular capsule. 

Relations. — ^The anterior surface of this muscle fonns a considerable part of the 
posterior wall of the axilla, and is in relation with .the Serratus .anterior, Gorapo- 
braohialis, and Biceps brachii, the axillary vessels and brachial plexus nerves, and the 
subscapular vessels and nerves. Its posterior surface is in relation with the scapula ^nd 
tho capsule of the shoulder-joint. Its lower border is in contact with the ^resmalor 
and Latissimus dorsi. , , 

Hervea.— The Subscapularis is supplied by the fifth and sixth cervical , 
through the subscapular nerves* 

Actions.— The Subscapularis rotates the head of the humeriis 
the arm is raised, it draws the humerus forwards and downwards. Ithf a pbwer^ 
defence to the front of the shotfider-joiat. ^ ^ . 

The fascia supraspinata complex the osseoflb^ua case 
Supraspinatus muscle is contained, and its deep surf ac^' d vea '<rrfKla 
of the fibres of the ^uscle. It is tMck mediaUy* b# l&i^r 
the ccttaoo-acroinial Bgamen^^ . 
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The Supraspitidrtuk (fig< 660) occupies the supraspinatous fossa, arising 
mm its medial two^thirds, and from the fascia supraspinata. The muscular 
fibres converge to a tendon, which crosses the upper part of the shoulder- joint, 
and is inserted into the highest of the three impressions on the greater tubercle 
of the humerus ; the tendon is intimately Mherent to the capsule of the 
Shoulder-joint. 

The fascia inf raspinata is a dense fibrous membrane, covering the Infra- 
spinatus muscle cmd fixed to the circumference of the infraspinatus fossa; 
its deep surface gives origin to some fibres of that muscle. It is intimately 
attached to the deltoid fascia along the overlapping border of the Deltoideus. 


Fio, 660. — Muscles on the dorsum of the scapula, and the Triceps brachii. 



The Infraspinatus (fig. 660) is a thick triangular muscle, which occupies 
the chief part of the iniraspinatous fossa ; it arises by fioshy fibres from the 
medial two-thirds of the fossa, and by tendinous fibres from the ridges on its 
surface : it also arises from the fascia mfraspinata which covers it and separates 
it from' the Teretes major and minor. The fibres converge to a tendon, which 
glides ov^ the lateral border of the spine of the scapula, and, passing across 
the j^terior part of the capsule of the shoulder-joint, is inserted into the 
midale impresdon dii the greater tubule of the humerus. The tendon of this 
mni^cle; is sonietuQQ^ separated from the capsule of the shoulder-joint by a 
bursa wluch may communicate with the joint-cavity. 

TheT^res minor (1^. 660) is a narrow, elongated muscle, which arises from 
the do^^ surface of Ihe aidtt^ border of the scapula for the upper two-thirds 
^ its ejctent, wd from t^ro eponeurotio laminee, one of which separates it from 
^e Ihfrasi^^ the btl^er the Teres major. Its fibres run obliqudy 
:ttn4 lalidi^^rde ; the ernes end in a tendon which ie inserted 
into tb^ilip^t pi tbri^ imp|[^otiS;on the greater tubercle of the htimerus ; ^ 
arci :|oberted dfrectly into the humerus immediate^ bdow thiia 
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impression and just'^ above the origin of the lateral head of the Triceps brachii. 
The tendon of thie muscle passes across, and is united with, the posterior part 
of the capsule of the shoulder-joint. 

The Teres major (fig. 550) is a thick, somewhat flattened muscle, which 
arises froiQ the oval area on the dorsal surface of the inferior angle of the 
scapula, and from the fibrous septa interposed between the muscle and the 
Teres nll®)r and Infraspinatus ; the fibres are directed upwards and lateral- 
wards and end in a flat tendon, about 5 cm. long, which is inserted into the 
crest of the lesser tubercle of the humerus. At its insertion the tendon lies 
behind that of the Latissimus dorsi, from which it is separated by a bursa, 
the two tendons being, however, united along their lower borders for a short 
distance. 

Nerves. — The Siipraspinatus and Infrasj)matu8 arc supplied by the fifth and 
sixth cervical nerves through the suprascapular nerve ; the Teres minor, by the 
fifth cervical, through the axillary nerve ; and the Teres major, by the fifth and 
sixtli cervical, through the lowest subscapular nerve. 

Actions. — The Siipraspinatus assists the Deltoideus in raising tlic arm from the 
side of tlio trunk and fixes the head of the liumerus in the glenoid cavity. The 
Infraspinatus and Teres minor rotate the head of the humerus outwards ; they also 
assist in carrying the arm backwards. One of tlic most important uses of these 
throe muscles is to protect the shoulder- joint, the Supraspinatus supporting it above, 
and the Infraspinatus and Teres minor behind. The Teres major assists the Latis- 
sinius dorsi in drawing the prtjviously Jaised humerus downwards and baclcv^^ards, 
and in rotating it inwards ; when il arm is fixed it may assist the Pectorales and 
the Latissimns dorsi in drawing the trunk forwards. 


IV. Muscles of the Arm 

Coracobrachialis. Brachialis. 

Biceps brachii. Triceps brachii. 

The brachial fascia or deep fascia of the arm is continuous with that 
covering the Deltoideus and the Pectoralis major ; it forms a thin, loose sheath 
for the muscles of tlic arm, and semds septa between them ; it is composed 
of fibres disposed in a circular or spiral direction, and connected together 
by vertical and (oblique fibres. It is thin over the Biceps brachii, but thicker 
where it covers the Triceps brachii, and over the epicondyles of the humerus : 
it is strengthened by fibrous aponeuroses, derived from the Pectoralis major 
and Latissimus dorsi medially, and from the Deltoideus laterally. On either 
side it gives off a strong intermuscular septum, which is attached to the corre- 
sponding supracondylar ridge and cpicondyle of the humerus. 

The lateral intennuscular se'pium extends from the lower part of the crest 
of the greater tubercle of the humerus, along the lateral supracondylar ridge, 
to the epicondyle ; it is blended witli the tendon of the Deltoideus, gives 
attachment to the Triceps brachii behind, to the Brachialis, Brachioradialis, 
and Extensor carpi radialis longus in front, and is perforated by the radial 
nerve and arteria profunda brachii. The medial intermuscular semtum, thicker 
than the preceding, extends from the lower part of the crest of the f^ser tubercle 
of the humerus below the Tei-es major, along the medial sux)racondylar ridge 
to the epicondyle ; it is blended with the tendon of the Coracobracmalis, and 
affords attachment to the Triceps brachii behind and the Brachialis in front. 
It is perforated by the uhiar nerve, the superior ulnar collateral artery, and 
the posterior branch of the inferior ulnar collateral artery. 

At the elbow, the deep fascia is attached to the epicondyles of the humerus 
and the olecranon of the ulija, and is continuous with the deejp fascia of the 
forearm. Just below the middle of the arm, on its medial side, is aii oval 
opening in the deep fascia, which transmits the basilic vein and some lymphatic 
vessels. 

The Coracobrachialis (fig. 640} is situated at tbe upper and medial part 
of the arm. It arises j&om the apex of the coracoid process, in eommem with 
the tendon of the short head of the Biceps brachii, and by musetdar fibres from 
the upper 10 cm. of this tendon ; it is inserted by means of a flat tendon into 
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an impression at the middle of the medial surface and border of the body of the 
humerus between the origins of the Tiiceps brachii and Brachialis. 

Relations. — is perforated by the musculocutaneous nerve, and is in relation, in 
front t with the Pectoralis inajor above, and at its insertion with the bracliial vessels and 
median njrve which cross it; behind ^ with the tendons of the Subscapularis, Latissimus 
dorsi, and Teres major, the medial head of the Triceps brachii, the humerus, and tlie 
anterior humeral circumflex vessels; by its medial border ^ with the third part of the 
axillary artery, the upper part of the brachial artery, the median and mnscnlociitaneous 
nerves ; by its lateral border ^ with the Biceps brachii and Brachialis. 

The Biceps brachii (fig. 549), a long fusiform muscle placed on the front 
of the arm, -has recjeived its name from tho circumstance that it has two heads 
of origin. The short head arises by a thick flattened tendon from the ay)ex of 
the coracoid process, in common with the Coracobrachialis. The long head 
arises by a long narrow tendon from the supraglenoid tuberosity at the upper 
margin of the glenoid cavity, and is continuous with the glenoidal labruin. 
This latter tendon, enclosed in a special sheath of the synovial stratum of the 
articular capsule of tho shoulder-joint, arches over the head of tho humerus ; 
it emerges from the joint through an opening in tho articular capsule close 
to its humeral attachment and descends in the intertubercular sulcus ; it is 
retained in the sulcus by the transverse humeral ligament and by a fibrous 
prolongation from the tendon of the Pectoralis major. Each tendon is 
succeeded by an elongated nuiscuiu i- belly, and the two bellies, although closely 
applied to each other, can bo readilv 'iV.paiated until within about 7*5 cm. of tlie 
elbow-joint. Here they end in a viied tendon, which is inserted into tho 
rough posterior portion of the tuber \*t».y of Ihe ’'adius, a bursa being interposed 
between tho tendon and the front part rf the ‘ "t>erosity. As tlu^ tendon of tho 
muscle approaches the radius it is twi-st^ vl ^n itself, so that its anterior 
surface becomes lateral and is applied to tht luberosity of the radius at its 
insertion. Opposite the bend of tho elbow the tendon gives off, from its medial 
side, a broad aponeurosis, the lacerhis fibrosus or bicipital fascia, which passes 
obliquely downwards and medialw^ards across the brachial artery and is 
continuous with tho deep fascia covering the origins of the Flexor muscles 
of the forearm (fig. 548). 

A third head to the Biceps brachii is occasionally found, arising at the upper and 
medial part of the Brachialis, with whiclj it is blended, and inserted into tho lacertus 
' fibrosus and medial side of the tendon of the muscle ; in most cases this additional slip 
lies behind the brachial artery. In some instances ^he third head consists of two slips, 
which pass down, one in front of, the other behind tn^^ artery. 

Relations. — The Biceps brachii is overlapped abov by the Pectoralis major and 
Deltoideus; in the rest of its extent it is covered by the Cascife and skin. Above, it rests 
on the shoulder-joint and upper part of the humerus; below, it lies on the Brachialis, 
the musculocutaneous nerve, and the Supinator. Its medial border is in relation with 
the Coracobrachialis, and overlaps the brachial vessels and median nerve; its lateral 
border, with tho Deltoideus and Bracbioradialis. 

Tho Brachialis (Brachialis anticus) (fig. 549) covers the front of the elbow- 
joint and the lower half of the humerus. It aiises from the lower half of the 
front of tho humerus, commencing above at the insertion of the Deltoideus, 
which it embraces by two^ angular processes, and extending below to within 
2"5 cm. of the margin of the articular surface. It also arises from the inter- 
muscular septa, but more extensively from the medial than the lateral ; it is 
separated from the lower part of the lateral intermuscular septum by the 
Bracbioradialis and Extensor carpi radialis longus. Its fibres converge to a 
thick tendon, which is inserted into the tuberosity of the, ulna and the rough 
depression on the anterior surface of the coronoid process. 

Relations, -it is in relation, in froht, with iho Biceps brachii, tho brachial vesstds, 
musculocutaneous and median nerves ; bcMnd, with the humerus and articular capsule 
of the elbow.joiut; by its medial border ^ with the Pronator teres, and with tho medial 
intermuscular septum which separates it from tho Triceps brachii and the ulnar herve ; 
by its lateral border, with the radial nerve, rtulial recurrent artery, tho Bracbioradialis, 
and Extensor carpi ra^alia longus. 

Nemit— The CSoTacobraohialis, Bice^ brachii, and Brachialis are supplied by 
the mnseulcoUi^neous nerve ; the Brachialis usually receives an additional filament 
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from the radial ne^Ve. The Goraoobr^hialtt leoeivealta supply primarily from the. 
seventh cervical, the Biceps brachii and Bracbialk from the mth and si^h cervical 
nerves. * ' 

Actions*— The Goracobrachialis dra^^s the humerus forwards and medial wards 
and at the same tizhe assists in retaining the head of the bone in contact with the 
glenoid cavity. The Biceps brachii is a flexor of the elbow and, to a less extent, 
of the slr!!!^der ; it is also a powerful supinator of the radius and serves to render 
tense the deep fascia of the forearm by means of the lacertus fibrosus. The Braehialis 
is a flexor of the forearm, and forms an important defence to the elbow-joint. "V^^en 
the forearm is fixed, the Biceps brachii ana Braehialis flex the arm upon the forearm, 
as in efforts of climbing. ' ' 

Applied Anatomy, — The long tendon of the Biceps brachii is sometimes dislocated 
from the intertubercular sulcus. When this occurs, the arm is fixed in a position of 
abduction, but the head of the humerus can be felt in its proper position. The tendon 
can generally bo replaced by flexing the forearm on the arm and rotating the limb. 
Bupture of the long tendon of the Biceps brachii may also take place. 

The Triceps brachii (fig. 550), situated on the back of the arm, is of large 
size, and arises by three heads (long, lateral, and medial), hence its name. 

The long head arises by a flattened tendon from the infraglenoid tuberosity 
of the scapula, being blended at its upper part with the capsule of the shoulder- 
joint ; the muscular fibres pass downwards between the other two heads of the 
muscle, and join with them in the tendon of insertion. 

The lateral head has a narrow origin from the posterior surface of the body 
of the humerus, extending from the insertion of the Teres minor to the upper 
part of the sulcus for the radial nerve, and from the lateral border of the humerus 
and the lateral intermuscular septum ; the fibres from this origin converge 
' towards the tendon of insertion. 

The medial head arises from the posterior surface of the body of the humerus, 
below the sulcus for the radial nerve ; it is narrow and pointed above, and 
extends from the insertion of the Teres major to within 2*6 cm. of the trochlea 
humeri ; it also arises from the medial border of the bone and from the back 
of the whole length of the medial intermuscular septum. Some of the fibres 
are directed downwards to the olecranon, while others converge to the tendon 
of insertion. 

The tendon of insertion of the Triceps brachii begins about the middle of 
the muscle : it consists of two aponeurotic laminss, one of which covers the 
back of the lower half of the muscle ; the other is more deeply seated in the 
substance of the muscle. After receiving the attachment of the muscidar 
fibres, the two lamellae join together above the elbow, and are inserted, for the 
most part, into the posterior portion of the upper suriaoe of the olecranon ; a 
band of fibres is, however, continued downvwds, on the lateral side, over 
the Anconaeus, to blend with the deep fascia of the forearm. 

The long head^of the Triceps brachii descends between the Teres minor and 
Teres major, dividing the triangular space between these two muscles and the 
humerus into two smaller spaces, one triangular, the other quadrangular (fig. 560). 
The triangtdar space contains the scapular circumflex vessels ; it is boii^ed by 
the Teres minor above, the Teres major below, and the scapular head of the Triceps 
laterally. The quadrangular space transmits the posterior humeral circumflex 
vessels and the axillary nerve ; it is bounded by the Teres minor and e^q^atkle of 
the shoulder-joint above, the Teres major below, the long head of the Tricep braclrii 
medially, and the humerus laterally. . * < 

The ' StttMuiconasus is the name giyen to a fow fibres which spring from the de^ siitr- 
face of the bwer part of the Triceps brachii, and are inserted mto posterior of 
the articular capsule of the elbow-joint. 

Nerves.— Triceps brachii is supplied by the seventh and eighth cervical 
nerves through the radial nerv^ _ 

Aottoiui.^The Triceps brachii is the great extensor mnsdie of the 
is the direct antagonist of the Biceps brachii and ^achiidis. the 

extended, the long head of the muscle zfiay assist the Teres maiiwr imA 
dors! in drawing hun»erus baoltivardi and & to 
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»ui^rt0 undA part of the shoulder-joint. The Subanoonaus draws 

the , articular capsule of the elb • • - - 

of the inrAATm ^ 


elbow-joint during extension 


r 

msertien of the Triceps brachii into the deep ffl f w ia of the 
operation of excision of the elbow, and shwild always be 
***° « ““““d to extend tTe forS. a 

allowing“the SaJSS'to gravity-that is to say. .by 


V. Muscles of the Forearm 

wif (deep fascia of the forearm), continuous above 
with the brachial fa^ia, is a dense investment, which forms a general sheath 

**“i® ; it is attached, behind, to the olecranon and 

dorsal border of the ulna, and gives off from its deep surface numerous inter- 
mu^ular wpta. It pves ongin to muscular fibres, espeoiaUy at the upper part 
of the medial and lateral mdes of the forearm, and forms the boundSs of a 
sen® of cone-shap^ oaviUw, jn which the muscles are contained ; transverse 
repto are given off both on the volar and dorsal surfaces of the forearm, separat- 
mg the deep from the supeiffcial layers of muscles. It is much thicker on the 
dorsal than on the volar surface, and at the lower than at the upper part of the 
forearm, and is strengthened above by tendinous fibres derived from the Biocos 
br^hu m front, and from the Triceps brachii behind. Over the flexor tendoM 
M they apFo^h the wnst it is especially thickened, and forms the volar carpal 
ligament. This is continuous with the transverse carpal ligament, and forms a 
aneatn for the tendon of the Palmaris longus which passes over the transverse 
cai^ ligament to be inserted into the palmar aponeurosis. Behind, near the 
^s^jomt, it is thickened by the addition of many transverse fibres, and forms 
the dorsal carpal Hgament. Apertures exist in the fascia for the passage of 
vessels and n^es ; one of these apertures, of large size and situated at the 
front of the elbow, transmits a communicating branch between the superficial 
and deep veins. 

The antibrachial or forearm muscles consist of a volar and a dorsal group. 


1. VoLAB Antibbaohial Musclbs 

These muscles are divided for convenience of description into two groups 
superficial and deep. ’ s f i 


(a) Superficial Group (fig. 661) 

Pronator teres. Palmaris longus. 

Plexor carpi radialis. Flexor carpi ulnaris. 

Flexor digitorum sublimis. 

The muscles of this group take origin from the medial epicondyle of the 
hume^ by a common tendon ; they receive additional fibres from the anti- 
bfacShhil fascia near the elbow, and from the septa which pass from this fascia 
betffiton the individnad muscles. , 

,, The Prpnatpr teres has a humeral Ind an ulnar head of origin. The 
hum&vi head, the lai^ger imd more superficial, arises immediately above the 
medial epicondyle, and from the tendon common to the origin of the olher 
muscles; also from the intermuscular septum between it and the Flexor 
carpi radialis and fr<un the antibrachial fascia. The smaUer uinar h&ti arises 
from thO medial ride of the ooronoid process of the ulna, and joins t^ humeral 
-h«ad at an" acute angle. The median nerve enters the forearm between, the 
two .heads of the mueclei and is. separated horn toe ulnar, artery by toe ulnar 
head.. .T^e .mpsole pas^ ohliquiely across toe forearm, and enc& in a fiat 
, tendon,, which is intocted.hito a jeeiugh impressimi at to$; middle (ff the lateral 
surface of .1^ b0%, .cd .toe radhis. The laiieral .border of the f or^ 
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the medial boundary of a triangular hollow, which is situated in front of the 
elbow-joint and contains the brachial artery, median nerve, and tendon of 
the Biceps braehii. 

Applied Anatomy , — This muscle, when suddenly brought into active use, as iu the 
game of lawn-tennis, is apt to bo strained, producing dight swelling, tenderness, and pain 
on putting the muscle into action. This is known as ‘ lawn-tonnis arm. ’ 

The Flexor carpi radialis lies on the medial side of th§ Pronator teres. 
It arises from the medial epicondyle by the common tendon, from the anti- 

brachial fascia, and from the intermuscular 
Fig. 551.— Front of the left fore- between it and the adjacent muscles. 


arm. Superficial muscles. 


Slender and aponeurotic in structure at its 
commencement, it increases in size, and ends 
in a long tendon which passes through a canal 
in the iateral part of the transverse carpal 
ligament and through a groove on the greater 
multangular bone ; the groove is converted 
into a canal by fibrous tissiio and lined by a 
mucous sheath. The tendon is inserted into 
tlH3 base of the second metacarpal bone, and 
sends a slip to the base of the third metacarpal 
bone. In tho lower part of the forearm the 
radial artery lies between the tendon of this 
muscle and that of the Brachioradialis. . 

The Palmaris longus is a slender, fusiform 
muscle, lying on the medial side of the Flexor 
cai^)! radialis. It arises from the medial epicon- 
dyle of the humerus ^by the common tendon, 
from the intermuscular septa between it and 
the adjacent muscles, and from tho anti- 
brachial fascia. It ends in a long slender 
tendon which passes over the upper part of 
the transverse caq)al ligament and is inserted 
into the anterior surface of the lower half of this 
ligament and into the central part of the palmar 
aponeurosis, frequently sending a tendinous 
slip to the short muscles of the thumb. Just 
above the wrist, the median nerve lies dfeep to 
the tendon. 

This muscle is often absent, and is subject to 
very considerable variations : it may be tendinous 
above and muscular below, or muscular in 
the centre with a tendon above and below ; or 
it may consist of two muscular bundles with a 
central tendon ; or finally it may consist solely 
of a tendinous band. 

The Flexor carpi ulnaris lies along the 
ulnar side of the forearm. It arises by two 
heads, humeral and ulnar, connected by a 
tendinous arch, beneath which tho idnar nerve 
passes downwards and the posterior lil^ar rectur- 
rent artery upwards. The humeral head is very . 
small and arises from the medial epicondyle of 
the humerus by the common tendon ; the vlnar 
head arises from the medial margin of the 
olecranon and from the upper two-thirds of 
tho dorsal border of the ulna by an aponeurosis 
common to it and the Extensor carpi ulnaris 
and Flexor digitorum profundus ; and from 
the intermui^ular septum betwwn it and the Flexor digitorum subUmis, 
The fibres end in a tendon, which occupies the anterior part of the lower, hiftlf/ 



of the muscle and is inserted into the jnsifonn bone, whence it is prolonged 
to the hamate and fifth metacarpal bones by the pisobamato and ptoometacarpal 
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ligaments ; it is also attached by a few fibres to the transverse carpal ligament. 
The ulnar vessels and nerve lie on the lateral side of the tendon of insertion 
of this muscle. 

The Flexor digitorum sublimis is dorsal to the preceding muscle ; it is 
the largest of the muscles of the superficial group, and arises by two heads, 
humero-ulnar and radial. The humero-ulnar head arises from the medial 
€j)icondyle of the humerus by the common tendon, from the ulnar collateral 
h'gament of the,, elbow-joint, from the intermuscular septa between it and 
the preceding muscles, and from the medial side of the coronoid process, above 
the ulnar origin of the Pronator teres. The radial head, a thin sheet of muscle, 
arises from the oblique line of the radius, extending from the radial tuberosity 
to the insertion of the Pronator teres. The muscle speedily separates into two 
planes of muscular fibres, superficial and deep : the superficial piano divides 
into two parts which end in tendons for the middle and ring fingers ; the deep 
plane gives off a muscular slip to join that part of the superficial plane which 
is associated with the tendon of the ring finger, and then divides into two parts, 
which end in tendons for the index and little fingers. As the four tendons 
pass beneath the transverse carpal ligament into the palm of the hand, they ai e 
arranged in pairs, the superficial pair going to the middle and ring fingers, the 
dee]) pair to the index and little fingers. The tendons diverge from one another 
in the palm and form deep relations to the superlieial volar arch and digital 
branches of the median and ulnar nerves. Opposite the bases of the first 
phalanges each tendon divides into two slips, to allow of the passage of the 
corresponding tendon of the Plexor digitorum profundus ; the two sliijs then 
reunite and form a grooved channel for the reception of the accompanying 
tendon of tlie Flexor digitorum profundus. Finally the tendon divides and 
is inserted into the sides of the second phalanx about its middle. 


(6) Deep Ormp (fig. 552) 

Flexor digitorum profundus. Flexor poUicis longiis. 

Pronator quadrat us. 

The Flexor digitorum profundus is situated on the ulnar side of the fore- 
arm, dorsal to the superficial flexors. It arises from the upper three-fourths 
of the volar and medial surfaces of the body of the ulna, embracing the insertion 
of the Brachialis above, and extending below to within a short distance of the 
J^ronator quadrates. It also arises from a depression on the medial side of 
the coronoid i)roccss ; by an aponeurosis from the upper three-fourths of the 
dorsal border of the ulna, in common with the Flexor and Extensor carpi 
ulnaris ; and from the ulnar half of the interosseous membrane. The muscle 
ends in four tendons which run behind the transverse i^ai'pal ligament, dorsal 
to the tendons of the Flexor digitorum sublimis. The portion of the muscle 
for the index finger is usually distinct, throughout, but the. tendons for the 
middle, ring, and little fingers are connected together by areolar tissue and 
tendinous slips, as far as the palm of the hand. Opposite the first phalanges 
the tendons pass through the openings in the tendons of the Flexor digitorum 
sublimis, and are inserted into the bases of the last phalanges. 

Four small muscles, the Lnmbricales, are connected with the tendons of the 
Flexor digitorum profundus in the palm. They will be described with the 
mn.scles of the hand (p. 508). 

Fibrous sheaths of the flexor tendons.— After leaving the palm, the 
tendons of the Flexores digitorum sublimis and profundus lie in osseo-apo- 
neui’otio canals (fig. 563, p. 507), formed behind by the phalanges and in front 
by fibrous bands, which arch across the tendons, and are attached on either 
side to the margins of the phalanges and to the volar accessory ligaments of 
the interphalangeal joints. Opposite the middle of the proximal and second 
phalanges the bands (digital vaginal ligaments) are very strong, and the fibres 
are transve^e ; but opposite joints they are much thinner, and consist 
of anmlar and cruciate fibres. Each canal is lined by a mucous sheath, which 
is reflected on the contained tendons. 

As the flexor tendons approach their insertions they are connected to the 
dorsed parts of the enclosing sheaths by triangular and thread-like bands 
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FHo. 562.— Froit of tbe left forearm. 
Do^ ntu^es. 



^ mitoottB s]i(^l»hs.' These 
j^da, teisieid vincula tendinea 
(fig, ^3), '<lK>iivey minute TesseU 
to the. tradona, and are of two, 
“pda,, (a) Tinoula hrevia; and 
(o) vumtila lohga. 

The. vincula brevia, two in 
number in each finger, are tri- 
angular banda attadted to the 
deep suriaoea of the tendons close 
to toeir' insertions ; one connects 
the tendon of the Flexor digi- 
torum eublimis to the front of 
the first interphalangeal joint a.nfl 
adjacent part of the first phalanx, 
and the other the tendon of the 
Flexor digitoi’um profundus to 
the front of the second inter- 
phalangeal joint and adjacent 
part of the second phalanx. The 
vincula longa are thread-like slips, 
of which two are usually attached 
to each tendon of the Flexor 
digitortim sublitnis, and one to 
each tendon of the Flexor digi- 
tormn profwdus. Those of the 
Flexor digitorum sublimis are 
connected to the dips of that 
tendon where these fold over the’ 
tendon of the Flexor digitorum 
I^ofundus, and, passing one on 
either aide of the latter tendon, 
are attached to the sheath at 
the lateral margins of the proxi- 
mal third of thp first phalanx. 
That of the tendon of the 
Flexor digitonira profundus is 
fixed to its tendon shortly after 
the latter has pierced the tendon 
of the Flexor digitorum sublimis. 

It runs upwards and backwards, 
perforates one of the two slips 
of the latter tendon,, or passes 
between the two klips; thereafter 
it blends with the vinculum 
breve of the Flexor ^gitorum 
sublimis, and is attached to the 
sheath at the distal end ^ the 
first phalanx. 

'Hie Flexoi^ potUcis longtis 
IS aituated on the.radjal^side of 
the fmrearm in the same p^nh 
as the 'Slexor digitorum < ptd- 
fundBS. It arises from the 
mooved volar surface ". of the 
body of the radiut^ t^tmidiQg- 
frcm» immediately b^bw 
tubmosity and oblieue. line; lie 
within a, shiurt distal^ hi' tlie 

^uadi!atas,^’-|fc''-'adrieev*" 

also'- pem • 1^; .■ 

'the '.'mtoidsjMiOQs -iiaembiiw^-'aipiid"^'' 
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the aied^ha^r d the corpncM jtroceas below the FJexor digram 
or froih the medial epicondyle of theSleruB. 
SamilTia which passes behind the transverse carpal 

lodged^between the lateral head of the Hexor pollicis brevis 
<ihe ^ductoT pollicis, and, entering an osseo-aponeurotic 
the flexor tendons of the Ang^s, is insert^ into the 
base of the d^ phalanx of the thumb. The volar interosseous nerve and 
ves^k descend on froirt of the interosseous membrane between the Flexor 
poUicis longus and Flexor digitorum profundus. 

fl"®<lrflateral muscle, extending across 
the front of the lower parli of the radius and ulna. It arises from the pronator 


1 * 10 . 663. Tendons of forefinger, and vincula teudinea. 


Tendon of ExU 
carpi rad- longue 


Tendon of Ext. 
digitorum communis 


Tendon of Extensor 
indicis proprius 


First Lumhricalis 


Vincula brevia 



Tcjvdon of Abductor 
pollicis longus 
Greater multangular bone 


Radial artery 


Tendon of Ext. pollicis brevis 


Tendon of Ext. pollicis longus 


Fhxor digitorum sublimis 
Flexor digitorum profundus 
Vincula longa 


ridge on the lower part of the volar surface of the body of the ulna ; from 
the medial i^rt of ttie volar siurface of the lower fourth of the ulna ; and from 
a strong aTOMurosis which covers the medial third of the muscle. The fibres 
pass laterdwards and slightly downwards, to be insei^ted into the lower fouttb 
of the lateral border and the* volar surface of the body of the radius ; the 
d^per fibtes are inserted into the triangular area above the ulnar notch of 
theiadius. > , 

Se^ess-AQ; the muscles of the superficial layer are supplied by the median 
netve, ^^eptin^ 'the M^xor carpi ulnaris, which is supplied by, the ifinar. The . 
Pronator t^es, Hexq^r carpi radialis, and the Palmaris longus derive their 
supply primaifly from the rixtb eerrical nerve ; the Plexor digitorum suWixhfa from 
tbe^sevezi^h and Oi^tk cer^^ and first thoracic nerves, and the Flexor carpi 
ulnaris^fr^^the eighth ceridcai and first thoracic. Of the deep layer,: the Flexor 
digHorhip cervical ahd first riioracic through 
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the ulnar nerve, and the volar interosseous branch of the median nerve: The* Flexor 
pollicis longus and Pronator quadratus are supplied by the eighth cervical and fir^t 
thoracic through the volar interosseous branch of the median nerve. 

Actions. — Th$se muscles act upon the forearm, wrist, and hand. The Pronator 
teres and Pronator quadratus rotate the radius upon the ulna, rendering the hand 
picue. The Flexor carpi radialis is a flexor ana abductor of the wrist; it also 
assists i^^ronating the hand. The Flexor carpi ulnaris^^s a flexor and adductor 
of the wrist. The Palmaris longus tightens the palmar aponeurosis and flexes the 
wrist. All these muscles may assist in flexing the elbow. The Flexor digitorum 
sublimis flexes first the middle, and then the proximal, phalanges ; it also assists 
in flexing the wrist and elbow. After the Flexor sublimis has bent the second 
phalanges, the Flexor profundus flexes the terminal ones ; it also assists in flexing 
the wrist. The Flexor pollicis longus is a flexor of the phalanges of the thumb ; 
it may assist in flexing the. wrist. 


2. Dorsal Antibrachtal Musolbs 

These muscles arc divided for convenience of description into two groups, 
superficial and deep. 


(a) Superficial Chrouii (fig. 554) 

Brachioradialis. Extensor digitorum communis. 

Extensor carpi radialis longus. Extensor digit! quinti proprius. 

Extensor carpi radialis brevis. Extensor carpi ulnaris. 

Anconasus. 

The Brachioradialis (Supinator longus) is the most superficial muscle on 
the radial side of the forearm. It arises from the upper two-thirds of the lateral 
supracondylar ridge of the humerus, and from the lateral intermuscular sejitum. 
Interposed between it and the Brachialis are the rq-dial nerve and the anastomosis 
between the arteria profunda brachii and the radial recurrent artery. The 
fibres end above the middle of the forearm in a flat tendon which is inserted 
into the lateral side of the base 6t the styloid process of the radius. The tendon 
is crossed near its insertion by the tendons of the Abductor pollicis longus 
and Extensor pollicis brevis ; on its ulnar side is the radial artery. 

The Extensor carpi radialis longus is partly covered by the Brachio- 
radialis. It arises mainly from the lower third of the lateral supracondylar 
ridge of the humerus and from the lateral intermuscular septum, but it receives 
a few' fibres from the common tendon of origin of the Extensor muscles of the 
forearm. The muscle ends at the upper third of the forearm in a flat tendon, 
which runs along the lateral border of the radius, deep to the Abductor pollicis 
longus and Extensor pollicis brevis ; it then passes imder cover of the dorsal 
carpal ligament, where it lies in a groove on the back of the radius common 
to it and the Extensor carpi radialis brevis, immediately behind the styloid 
process. It is inserted into the dorsal surface of the base of the second * 
met6Mjarpfi^j[-bone, on its radial side. 

The Extensor carpi radialis brdlris is shorter than the preceding muscle 
and is covered by it. It arises from the lateral epicondyle of the hmierus, 
by a tendon common to it and the next three muscles ; from the radial owateral 
ligament of the elbow-joint from a strong aponeurosis which covers its surface ; 
and from the intermuscular septa between it and the adjacent .muscles. The. 
fibres end about the middle of the forearm in a flat tendon, which closely 
accompanies that of the preceding muscle, to the wrist ; it passes beneath 
the Abductor pollicis longus and Exte^or ;TOllicis brevis> then under cover 
of thh dorsal carpal ligament, and is inserted' into the dorsd surface of the 
base of the third metacarpal bone on its radial, Side and distal to the styled 
process. Under the dorsal carpal ligament the tendon lies on the ba<i^ <4 
the radius in a shallow groove, to the uluar.sitW’ of the groove which lodges 
the tendon of the Extensor carpi radialis Icmgus, and separated ftohi it hy a 
faint ridge. 

The tendons, of the two preceding nniscles pass^^ the same 
ment of the domal carpal ligament in a single ihueous sheafft.' ! 



. \1lbe . 

‘ cqitBiKUtiUi 

epwmi^le 

eomm<^ inW 

;ai^i]l(ur,...li^ji^;<be^|ti*^ 
the ad|«iii;<^ ' 1 ^^ from 

the , a^il^SKrndfalat ' - .fi«eia. It 
diyukiB below ihta .four tendbna, 
^ which pass, tc^th^.with that of 
>the Ext«»it» . ,|b4ioia: proraius, 
throu^ a <^piQrtobDt <» the 
dmal eaipsl ugahimit, within> 
a mucous sheath;' The .tendons 
thbn diverge oh the hack of 
the hand, are inserted into 
the second and third phalanges 
of the dng^ iit the following 
manner. <^|^poidfe the . meta- 
carpophalang^ articulation each 
tendon is’lmund by fascicutt to the 
collateral ligaments and serves as 
the dcnsal ligament of this joint ; 
after crossing the joint, it spreads 
out into a bro^ aponeurosis, 
which covers the dorsal surface 
of the first phalanx and is 
there reinforced by the corre- 
sponding tendons of the Interossei 
and Lumbrioalis. Opposite the 
first iaterphalangeal joint this 

K eurosis diyides into three 
, an intermediate and two 
collateral : the intermediate is 
inserted into the base of the 
second phalanx ; the two col- 
lateral are conianaed onwards 
along^ the. sides' ;of the second 


..,v of .die fwearra. 

‘ Superficial 'muscles. 


ungual phtdanx.- As the tendons 
cross' the mterphafamgeal joints, 
they furnish . them with dorsal 
ligameots. . 'G^e tendon to the 
iii&x finger, is. accompanied by 
the fbctensor mdicis proprias» 
which Uea. oni ite hlnar side. On 
the batik of the htfid, the tendons 
to the ring, and little 

'finiiell^^are ooni^tM by two 
<)bEoMw’ida^ one from 

■ -MOOill#' 


idm. passhig distpl- 
mridwtucds to the 
ax^. ’the ;Otbor^ 



npMll' " 
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from the common Extensor tendon by a thin tendinous slip, and from the inter* 
muscular septa between it and the adjacent muscles. Its Wdon runs through 


Fig. 566. — ^Posterior surface of the forearm. 
Deep muscles. 


Lateral epicondyle- 


a compartment of the dorsal 
carpal lirament behind the 
distal radio^ulnar joints then 
divides into two as it crosses 
the hand, and finally joins the 
extension of the Extensor 
digitorum communis tendon 
on the dorsum of the first 
phalanx of the fifth digit. 

The Extensor carpi 
ulnaris lies on the ulnar side 
of the forearm. It arises 
from the lateral epicondyle 
of the humerus, by the com* 
mon extensor tendon ; from 
the dorsal border of the ulna 
by an aponeurosis in common 
with the Flexor carpi ulnaris 
and the Flexor digitorum 
profundus ; and from the 
antibrachial fascia. It ends 
in a tendon, which runs in 
a groove between the head 
and the styloid process of 
the ulna, passing through a 
separate compartment of the 
dorsal ca^al ligament, and is 
inserted into the tubercle on 
the ulnar side of the base of 
the fifth metacarpal bone. 

The Anconmus is a small 
triangular muscle on the back 
of the elbow-joint, and ap- 
pears to be a continuation of 
the Triceps brachii. It arises 
by a separate tendon from the 
posterior part of the lateral 
epicondyle of the humerus ; 
its fibres diverge and are - in* 
sorted into the side of the 
olecranon, and upper fourth 
of the dorsal surface of the 
body of the ulna. 

(6) Deep Group (fig. 666) 
Supinator. 

Abductor polliois longus. 
Extensor poUicis brevis. 
Extensor {>ol]iois longup. 
Extensor indiois proprms. 

The Supinator (Supinar 
tor lu'evis) (fig. 666) curves 
round the upper thi^ of the 
radius. It consists of fibres 
arranged in tivo plaii^, 
tween wfaif^h the deep branch of the radial nerve passes. Thje tWo feudse 
in common-rijm superficial one by tendinous and the dee;^ by musptf ar 
— ^from the late^nl Epicondyle of the humerus ; from the radiid 
meut of the elbow-joint, and the anntdar ligament of tha 



Istxtensor carp^i 
radialU hrevU 
Extensor carpi 
radiaUs longus 


Extensor carpi 
ulnaris 
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joint ; &om the rid^e on the ulna, which runs obliquely downwards from the 
dorsal end of the radial notch ; from the distal part of the triangular depression 
below the notch ; and from a tendinous expansion which covers the surface of 
the muscle, l^e superficial fibres surround the upper part of the radius, and are 
inserted into the lateral ed^e of the radial tuberosity and the oblique line of the 
radius as low down as the insertion of the Pronator teres. The upper fibres of 
the de^er plane form a sling>like fasciculus, which encircles the neck of the 
radius above the tuberosity and is attached to the back part of its medial 
surface : the greater part of this portion of the muscle is inserted into the dorsal 
and lateral sunaces of the body 


Fig. 556. — The Supinator. 


Lateral epicondylo 


— Radial collateral lig. 
Annular ligament 


Deep branch of radial 
nerve 


Interoneom recurrent 
art. 


Deep branch of radial 
nerve 

Dorsal interosseous 
art. 


of the radius, between the 
oblique line and the head of the 
bone. 

The Abductor pollicis 
longus (Extensor ossis meta- 
carpi pollicis) lies immediately 
below the Supinator and is 
sometimes unit^ with it. It 
arises from the lateral part of 
the dorsal surface of the body 
of the ulna below the insertion 
of the Anconflsus, from the in- 
terosseous membrane, and from 
the middle third of the dorsal 
surface of the body of the radius. 

Passing obliquely downwards 
and latoralwards, it ends in a 
tendon, which runs through a 
poove on the lateral side of the 
lower end of the radius, accom- 
panied by the tendon of the 
Extensor pollicis brevis, and is 
inserted into the radial side of 
the base of the first metacarpal 
bone. It occasionally gives off 
two slips near its insertion : one 
to the greater multangular bone, 
and the other to blend with the 
origin of the Abductor pollicis 
brevis. 

The Extensor pollicis 
brevis lies on the medial side 
of, and is closely connected with, 
the Abductor pollicis longus. It 
arises from the dorsal surface 
of the body of the radius below 
that muscle, and from the inter- 
osseous membrane. Its direction is similar to that of the Abductor pollicis 
longus, its tendon passing through the same groove on the lateral side of the 
lower end of the ramus, to be inserted into the dorsal aspect of the base of the 
first phalanx of the thumb. 

T^e Extensor pollicis longus is larger than the preceding muscle, the 
or^n of which it partly covers. It arises from the lateral part of the. middle 
third of the dorsal surface of the body of the ulna below the origin of the 
Abductor pollicis longus, and from the interosseous membrane. It ends 
in a tendon, which passes through a compartment of the dorsal carpal liga- 
mmt, lying in a narrow, oblique groove on the back of the lower end of the 
radius. It then crosses obliquely the tendons of the Extensores carpi rodialis 
longus and brevis, and is separated from the Extensor brevis pollicis by a 
tricmgular interval, iii which the radial artery is found ; it is inserted into 
the l^bse of the last phalanx of the thumb. The radial artei^y is crossed by 
the tendons of the Abductor poUicis longus and of the Ext^ores poUicis 
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The Extensor iitdicis proprius is a narrow, elongated muscle, placed 
medially to, and parallel with, the preoedina. Itarises fromtl^e dorsal surface 
of the body of the ulna below the origin of the Extensor pollicis longus,' and 
from the interosseous membrane. Its tendon passes under cov^ of the dorsal 
carpal ligament in the same compartment as that which transmits the tendons 
of the Extensor digitorum communis ; opposite the head of the second^ meta- 
ci^al bodie it joins the ulnar side of the tendon of the Extensor digitorum 
communis wHlch runs to the index finger. 

Nerves. — ^The Brachioradialis is supplied by the fifth and sixth, the Extensorea 
carpi radialis longus and brevis by the sixth and seventh, and the Anconaww by 
the seventh and eighth cervical nerves, through the radial nerve ; the remaining 
muscles are innervated through the deep radial nerve, the Supinator being supplied 
by the sixth, and the others by the seventh cervical. 

Actions. — The Anconssus assists the Triceps in extending the forearm. The 
Brachioradialis is a flexor of the elbow-jomt, but only acta as such when the move- 
ment of flexion has been initiated by the Biceps brachii and Brachialis. The 
Supinator and Biceps brachii bring the hand into the supine position. The Extensor 
carpi radialis longus extends the wrist and abducts the hand, and naay assist in 
bending the elbow-joint ; at all events it serves to fix or steady this articulation. 
The Extensor carpi radialis brevis esetends the wrist, and may also act slightly 
as an abductor of the hand. The Extensor carpi ulnaria extends the wrist, but 
when acting alone inclines the hand towards the ulnar side : by its continued 
action it extends the elbow-joint. The Extensor digitorum communis extends 
the phalanges, then the wrist, and finally the elbow. Owing to its attachments to the 
collateral ligaments of the metacarpophalangeal, joints it acts principally on the 
proximal phalanges, the middle and terminal phalanges being extended mainly 
Dy the Inteiossei and Lumbricales ; it tends to separate the fingers as it extends 
them. The Extensor di^ti quinti proprius extends the little &ger, and by its 
continued action assists in extending the wrist ; it is owing to this muscle that 
the little finger can be extended or pointed while the others are flexed. The chief 
action of the Abductor pollicis longus is to carry the thumb lateralwards from the 
palm of the hand ; by its continued action it helps to extend and abduct the wrist. 
The Extensor pollicis bre' is eictcnds tho proximal phalanx, and the Extensor 
pollicis longus the terminal phalanx of the thumb ; they help to extend and abduct 
the wrist. The Extensor indicis proprius extends the index finger, and assists in 
extending the wrist. 


Applied Anatomy , — The tendons of the Abductor longus and Extensors of the thumb 
are liable to become strained, and their sheaths inflamed (tenosynovitis) after excessive 
exercise, producing a sausage-shaped svvelliiig along the course of the tendons and giving 
a peculiar grating sensation to tho touch when the muscles are put in action. 

Paralysis of the extensor muscles of tho wrists and fingers resulting in ' wrist-drop * 
is common in lead poisoning in painters. The Brachioradialis usually escapes, unless 
the muscles of the upper arm arc paralysed also. The different extensor muscles are 
affected unequally as a rule. Thus tho thumb, or index, or little finger may be but 
slightly implicated, and recover rapidly while the extensors of the other finjgers or wrist 
remain powerless ; and some of tbo flexor muscles of the fingers i;uay become paretic. 
This apparently selective action of the lead in cases of lead poisoning depends in reality 
Upon occupational overuse of tho affected muscles or groups of muscles* Muscular 
atrophy often follows this lead palsy. 


VI. Muscles op the Hand 

^ The musoles of the hand are subdivided into three groups : 1/ttose w the 
thumb, which occupy the radial side and produce the thenar emihence; 

these of the little finger, which occupy the ulnar side and give liila to the • 
kypothenar eminence ; , those in the middle of the palm md between the^ 

metacarpal bones. 

Tim volar carpal ligament is the thickened band of antiblfaohii^ ' 
which extends from the radius to the ulna in front of the 
they apinrof^ .the wrist. 

The traimferse carpal ligament (anterior 
ia a stixmg, fimlw band, which arphes over ihe 
the deep groove on tlte feont of the carpal heaiee into a^ 
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pollicis longtts (fig. 669). They extend into the forearm for about 2-6 cm. above 
the transver^ carpal ligament, and occasionally communicate with each other 
behind the ligament. The sheath surrounding the Hexores digitorum reaches 
about halfway along the metacarpal bones, where it ends in blind diverticula 


Fig. — The mucous sheaths of the tendons on the front of the wrist and digits. 
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Flexor carpi ‘ulnnris 


around the tcuidons to the index, middle, and ring fingers. It is [)i'olonged 
on the tendons to the little finger and usually communicates with the digital 
mucous sheatii of these tendons. The sheath of the tendon of the Flexor 
^Ihois longus is continued along the thumb as far as the insertioflti of the tendon. 
I he mucous sheaths enveloping the terminal parts of the tendons 6f the Flexores 
cligitoriim have been described' on pp. 493, 494. 
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The dorsal carpal lig:ament (posterior annular ligament) (fig. 560) is a 
strong, fibrous bana, extending obliquely downwards and medialwards across 
the back of the wrist, and consisting of part of the antibrachial fascia, 
strengthened by’ the addition of some transverse fibres. It is attached, medially, 


Fig. 560. — The mucous sheaths of the tendons on the back of the wrist. 



to the styloid process of the ulna and to tlic triquetral and pisiform bones ; 
laterally, to the lateral margin of the radius ; and, in its passage across tho 
wrist, to the ridges on the dorsal surface of the radius. 

Tho mucous sheaths of the tendons on the back of the wrist. — 
Between the dorsal car{^ ligament and the bones six compartments arci formed 
for the passage of tendons, each compartment containing a mucous sheath. 
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One is found in eaek of the following positions (fig. 660) : (1) on the lateral side 
of the styloid prpoess, for the tendons of the Abductor' polliois longus and 
Extensor poQicis brevis ; (2) behind the styloid process, for the tendons of the 
Extensores carpi radialis longus and brevis ; (3) about the middle of the dorsal 
surface of the radius, for the tendon of the Extensor pollicis longus ; (4) to 
the medial side of the latter, for the tendons of the Extensor digitorum com- 
munis a::a Extensor indiois proprius ; (6) opposite the interval between the 
ro^us and ulna, for the Extensor digit! quinti proprius ; (6) between the he^ 
and styloid processes of the ulna, for the tendon of the Extensor carpi ulnaris. 

Fig. 501. — The palmar aponeurosis. 



The sheaths lining these compartments extend from above the dorsal carpal 
ligament ; those for the tendons of Abductor pollicis longus. Extensor pollicis 
brevis, Extensores caipi radiates, and Extensor oaimi ulnaris stop immemately 
proximal to the bases of the metacarpal bones, while the sheaths for Extensor 
digitorum communis, Extensor indicis proprius, and Extensor digit! quinti 
proprius are prolonged to the junction of the proximal with the interm^ate 
third of the metacarpus. 

l^e palmar aponeurosis (fig. 661) invests the muscles of the palm, and 
consists of central, lateral, and medial portions. 

The central portion occupies the middle of the palm, is triangular in shape, 
and of groat strength and thickness. Its ap^ is oontimtaas with the lower 
margin of the transverse carpal ligament, and gives insertion to ^e expanded 
tendon of the Palmaris longus. Its base divides below into four dips, one for 



MUSCLES OP THE HAND SOS 

each fin|er. Each slip gives ofi superflcial fibres to the skin of the palm and 
finger, those to the pahn joining the skin at the furrow corresponding to the 
metacarpophalangeal articulations, and those to the fingers passing into the 
sto at the transverse fold's at the bases of the fingers. The deeper part of each 
slip subdivides into two processes, which are inserted into the fibrous sheaths 
of the flexor tendons ; from the sides of these processes offsets are attached 
to the transverse metacaimal ligament. By this arrangement short channels 
are formed on the front of the heads of the metacarpal bones ; through these 
the flexor tendons pass. The intervals between the four slips transmit the 
digital vessels and nerves, and the tendons of the Lumbricales. At the points 
of division into the slips mentioned, numerous strong, transverse fibres bind 
the separate processes together. The central part of the palmar aponeurosis 
is intimately bound to the skin by dense fibro-areolar tissue, and gives origin 
by its medial margin to the Palmaris brevis. It covers the superficial volar 
arch, the tendons of the Flexor digitorum muscles, the terminal part of the 
median nerve, and the superficial part of the ulnar nerve ; on either side it 
gives off a septum which separates the intermediate from the lateral and medial 
groups of muscles. 

The lateral and medial 'portions of the palmar aponeiuosis are thin, fibrous 
layers, which cover the muscles of the ball of the thumb, and the muscles of the 
little finger respectively ; they are continuous with the central portion and 
with the fascia on the dorsum of the hand. 

The superficial transverse fasciculi form a thin band (fig. 561) which 
stretches across the roots of the fingers, and is attached to the skin of the 
clefts, and medially to the fifth metacarpal Done, forming a sort of rudimentary 
web. The digital vessels and nerves pass beneath these fasciculi. 

Applied Anatomy. — The palmar aponeurosis is liable to undergo contraction, pro- 
ducing a very inconvenient deformity, known as ‘ DupuytrenJs contraction.’ The ring 
and little fingers are most frequently implicated, but the others may also be involved. 
The proximal phalanx is flexed and cannot be straightened, and the two distal phalanges 
become similarly flexed as the disease advances. 

Owing to their constant exposure to injury and septic influences, the fingers are very 
liable to become the seat of serious inflammatory mischief. To tliis inflammation the 
term paronychia or whitlow is given, and the affection may assume various degrees of 
severity. In the mildest cases the disease is confined to the superficial layer ot the skin, 
and suppuration takes place beneath it. This is known as subcuticular paronychia^ and is 
a comparatively simple condition, for an incision through the epidermis will at once 
relievo it. The only complication is that the pus may burrow under the nail, causing 
increased pain. A more severe condition is the paronychia cellulosa^ in which the pulp of 
the end of tho finger is involved. This is attfjnded with intenso throbbing pain, f)wing to 
the fact that the inflamed area is covered by thick and often homy epithelium, especially 
when the disease occurs in the labouring classes, as it so frequently does. In these oases, 
unless a timely incision is made, the inflammation is liable to involve the periosteum 
covering the phalanx, and subperiosteal paronychia is set up, which is followed by necrosis 
of a part or the whole of tho ungual phalanx. In other cases, the inflammation may 
involve the theca of the flexor tendons, and a thecal paronychia may result. The 
inflammation then rapidly spreads up the sheath : but tho extent will depend upon the 
particular digit involved. From the description of the flexor sheaths given above, it will 
be evident that inflammation of the mucous sheaths of the thumb and little finger may 
prove a far more formidable affection than that of tho other thi’co digits, because the 
sheaths of these two digits communicate with the largo mucous 'sheath which surrounds 
the flexor tendons (pp. 601, 602), and the inflammation may extend into the palm of the 
hand and behind the transverse carpal ligament into the forearm. 

In order to relieve these conditions, .’free and early incisions are necessary, and must be 
made with discriminajkion, in order to avoid wounding important structiires. In the pulp 
of the finger — ^i.e. over the distal phalanx — ^the intusion should be made in the middle^ lin(3 
aild down to the bone. In the rest of the finger, the incision should be made in the middle 
line over the phalanges, and not over the interphalangeal joints. In the palm of the baud, 
incisions may be made either on tho distal or proximal side of the superflcial volar arch. 
On the distal side the incisions should be made over the metacarpal bones, preferably 
those of thd index and middle finger. On the proximal side, the safest line of incision is 
along the radial side of the hypothenar eminence, between tho ulnar artery and nerve 
medially, and the median nerve laterally. When suppuration has extended under the 
transverse carpal ligament, and incisions are required in the forearm, tho positions in 
which they sl^uld be made are over the tendons of the Flexor digitorum sublimis, 
between median nerve and the u^ar artery, and over the tendon of the Flexor pollicis 
longus, betwecD the radial attery and. the tendon of the Flexor carpi radialis. 
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Chronic* iniiamnifttion of the common flexor sheath is occasionally met with, consti- 
tuting a disease known as compound palmar gant^lion; it presents an hour-glass outline, 
with a swelling in front of the wrist and another in the palm of the hand, and a constric- 
tion, corresponding to the transverse c^arpal ligament, between the two. The fluid can 
bo forced from the one swelling to the otlicr under the ligament, and when this is done, a 
croaking sensation is sometimes perceived, from the presence of ‘ melon-seed * bodies in 
the interior of the ganglion. 


1. Lateral Volah Muscles (figs. 562 , 563 ) 

Abductor poUicis brevis. Flexor poUicis brevis. 

Opponens poUicis. Adductor poUicis. 

The Abductor pollicis brevis is a thin, subcutaneous muscle ; it arises 
from the transverse carpal ligament, the tuberosity of the navicular bone, and 
the ridge of the greater multangular bone. Running lateralwards and down- 
wards, it is inserted by a thin, flat tendon into the radial side of the base of the 


FiCr. 502. — The Opponens j)nlliois, Adductor pollicis and Opponens digit! quinti muscles. 



first ])lialanx of the thumb and the capsule of the metacarpophalangeal 
articulation. 

The Opponens pollicis is placed beneath the preceding. It arises from 
the ridge on the greater multangular bone, and from the transverse carpal 
ligament, passes downwards and lateralwards, and is inserted into the whole 
length of the metacai‘i)al bone of the thumb on its radial side. 

The Flexor pollicis brevis consists of two portions, superficial and deep. 
The superficial portion arises frcnii the lower border of the transverse carpal 
ligament and the loAver part of the ridge on the greater multangular bone ; 
it passes along the radial side of the tendon of the Flexor pollicis longus, and 
is inserted into the radial side of the base of the first phalanx of the thumb ; 
in its tendon of insertion there is a sesamoid bone. The deep portion is very 
small. It arises from the ulnar side of the base of the first metacarpal bone 
and is inserted into the ulnar side of the base of the first phalanx with the 
oblique x^art of the AddiKjtor j^ollicis \ it is sometimes described as the first 
volar interosseous muscle. 

The Adductor poUicis consists of an oblique and a transverse port. The 
oblupue pari arises from the capitate and lesser multangular bones, the bases 
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of the second and third metacarpal bones, the ijitercari)al ligaments, and the 
sheath x>i the tendon of the Flexor carpi radialis. Most of its fibres converge 
to a tendon, which, uniting mth the tendons of the deep portion of the Flexor 
pollicis brevis and the transverse part of the Adductor, is inserted into the 


Fig, 563. — The muscles of the left hand. Palmar surface. 



ulnar side of the base of the first phalanx of the thumb, a sesamoid bone being 
present in the tendon. A considerable fasciculus, however, passes beneath 
the tendon of the Flexor pollicis longus and joins the superJicial portion , of 
the Flexor brevis and the Abductor pollicis brevis. The transverse part (fig. 562) 
is the most deeply seated of this group of muscles. It is of a triangular form, 
and arises from the distal two-thirds of the volar surface of the third metacarpal 
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bone ; the fibres oonverge, to be inserted with the oblique part of the muscle 
and with the deep part of the "Flexor poUicis brevis into the ulnar side of the 
base of the first phtdanx of the thumb* 

Nerves. — ^The Abductor pollicis brevis, Opponei^ pollicis, and superfickl portion 
of the Flexor pollicis brevis are supplied by the sixth and seventh cervical nerves 
through the median nerve ; the Adductor and the deep portion of the Flexor pollicis 
brevis, by eighth cervical nerve through the ulnar nerve. 

Actions. — ^Ihe Abductor pollicis brevis draws the thumb forwards in a plane at 
right angles to that of the palm of the hand and abducts the proximal phalanx. 
The Adductor pollicis is the opponent of this muscle, ana approximates the thumb 
to the palm. The Opponens pollicis flexes the metacaiml bone, i.e. draws it 
mcdialwards over the palm ; the Flexor pollicis brevis flexes and adducts the 
proximal phalanx. 


2. Medial Volar Muscles (figs. 662, 663) 

Palmaris brevis. Flexor digiti quinti brevis. 

Abductor digiti quinti. Opponens digiti quinti. 

The Palmaris brevis is a thin, quadrilateral muscle, placed beneath the 
skin of the ulnar rside of the hand. It arises by tendinous fasciculi from the 
transverse carpal ligament and palmar aponeurosis ; the fleshy fibres are 
inserted into the skin on the proximal part of the ulnar border of the hand. 

The Abductor digiti quinti is situated on the ulnar border of the palm 
of the hand. It arises from the pisiform bone and from the tendon of the 
Flexor carpi ulnaris, and ends in a flat tendon which divides into two slips ; 
one is inserted into the ulnar side of the base of the first phalanx of the little 
finger, the other into the ulnar border of the aponeurosis of the Extensor 
digiti quinti proprius. 

The Flexor digiti quinti brevis lies on the radial side of the preceding 
muscle. It arises from the convex surface of the hamulus of the hamate bone 
and the vojar surface of the transverse carpal ligament, and is inserted into 
the ulnar aide of the base oi the first phalanx of the little finger. It is separated 
from the Abductor by the deep branches of the ulnar arterj^ and nerve. This 
muscle is sometimes wanting ; the Abductor is then, usually, of large size. 

The Opponens digiti quinti (fig. 562) is of a triangular form, and placed 
under cover of the Flexor and Abductor. It arises from the convexity of 
the hamulus of the hamate bone, and contiguous portion of the transverse 
carpal ligament ; it is inserted into the whole length of the ulnar margin of 
the fifth metacari)al bone. 

Nerves. — ^All the muscles of tliis group are supplied by the eighth cervical nerve 
through the ulnar nerve. 

A^ons. — The Palmaris brevis corrugates the skin on the ulnar side of the 
palm. The Abductor and Flexor digiti quinti brevis abduct the little finger and 
assist in flexing its proximal phalanx. The Opponens digiti quinti draws forwards 
the fifth metacarpal bone, so as to deepen the hollow of the palm. 


3. Iktebmedzate Muscles 
Lumbricales. Interossei. 

The Lumbricales (fig. 563) are four small fleshy fasciculi, which take origin 
from the tendons of the Flexor digitorum profundus. The first and second; 
arise from the radial sides and volar surfaces of the tendons of the index andi 
middle fingers respectively ; the third, froni the contiguous sides of the tendons 
of the middle and ring fingers ; and the fourth, from the contiguous sides of 
the tendons of the ring and little fingers. Each passes to the ramal side of the 
corresponding finger, and opposite the metacarpophalangeal artietdatiou is 
insert^ into the tendinous expansion of the Extensor di^ptorum eoxnmunis, 
covering the dorsal aspect of the finger. 

The Interossei (figs. 564, 565) occupy the intervals between the ncietacarpal 
bones, and are divided into a dorsal and a volar set, , ^ 
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The Interdssei dorsales^ four in number, are bipennate muscles, each 
arising by two heads from the adjacent sides of the metacarpal bones, but more 
extensively from the metacarpal bone of the finger into which the muscle is 
inserted. They are inserted into the bases of the first phalanges and into the 
aponeuroses of the tendons of the Extensor digitorum communis. Between 
the double origin of each of these muscles is a narrow triangular interval ; 
through the first of these intervals the radial artery passes ; tlirough each of 
the others a perforating branch from the deep volar arch is transmitted. The 
first or Abductor indicia is larger than the others ; it is inserted into the radial 
side of the index finger. The second and third are inserted into the middle 
finger, the former into its radial, the latter into its ulnar side. The fourth 
is inserted into the ulnar side of the ring finger. 

The Interossei volares, three in numbei*, are smaller than the’Jnterossei 
dorsales, and are placed upon the volar surfaces of the metacarpal bones, rather 
than between them. Each arises from the entire length of the metacarpal bone 


Fig. 664. — ^The Interossei dorsales Fio. 566. — The Interossei volares 

of left hand. of le^t hand. 



of one finger, and is inserted into the side of the base of the first phalanx of the 
same finger, and into the aponeurotic expansion of the Extensor communis 
digitorum tendon. 

The first arises from the ulnar side of the second metacarpal boiio, and is 
inserted into the same side of the first phalanx of the index finger. The second 
arises from the radial side of the fourth metacarpal bone, and is inserted into 
the same* side of the ring finger. The third arises from the radial side of the 
fifth metacarpal bone, and is inserted into the same side of the little finger. 
From this account it may be seen that each finger is provided with a pair of 
Interossei, with the exception of the little finger, in which the Abductor takes 
the place of one of the pair. 

Ss already mentioned (p* 606), the deep head of Flexor poUicis brevis is 
^metimes described as the first volar interosseous muscle. 

Hfems. — The first and second Lumbricales are supplied by the sixth and seventh 
cervical nerves tlirough tiie third and fourth digital oranches of the median nerve ; 
the third and fourth Lumbricales and all the Interossei are supplied by the eighth 
ceridoal through the deep palmar branch of the ulnar nerve. The third 

LumWcalis frequently receives a twig from the median nerve. 

Aottoiit^'^The Interossei volares Mduct the fingers to an imaginary line drawn 
longitudfatally throng the centre of the middle finger ; and the Interossei dorsales 
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abduct the fingers from that line. The Interossei, in conjunction with the Lumbri- 
calcs, flex the first phalanges, and, in consequence of their insertions into the 
expansions of the Extensor tendons, extend the second and third phalanges. The 
Extensor digitorum communis is believed to act almost entirely on the first phalanges. 

Applied Anatomy, — In considering the actions of the various muscles upon fractures 
of the upper extremity, the most common forms of injury have been selected both for 
illustratiop^ 'snd description. ^ 

Fracture o£i>he middle of the clavicle (fig. 566) is usually attended with considerable 
displacement of the lateral fragment, which is drawn downwards and medialwards, and 
at the same time rotated, so that its lateral end is carried forwards and its medial end 
backwards. 

The displacjciTient is produced as follows : the lateral fragment is drawn downwards by 
the weight of the arm, the Trapezius not being able to support this. It is drawm medial- 
wards by tlie Suhelavins and Vectoralis minor, possibly assisted by the Pectoralis major 


Fio. 500. —Fracture of the middle 
of the clavicle. 



and Latissirnus dorsi; and is rotated ou an axis drawn tlirough its own centre by the 
Serratus anterior, which causes the scapula to rotate on the wall of tlic chest, and carries 
the acromion and the end of tlu? lateral fragment of the clavicle forwards, and so carries 
the medial end of the lateral portion backwards. The causes of displacement having been 
ascertained, it is easy to apply the appropriat«; treatment. The lateral fragment is to be 
dra^vn lateralwards, and, together with the scapula, raised to a level with the medial 
fragment, and retained in tliat position. 

In fracture of the acromial end of the clavicle, between the conoid and trapezoid 
ligaments, only slight displacement occurs, as these ligaments, from their oblique inser- 
tion, serve to hold both portions of the, bone in apposition. Fracture, also, of the sternal 
end, medial to the costoclavicular ligament, is attended with only slight displacement, 
this ligament serving to retain the fi’agments in close apposition. 

Fracture of the acromion is usually caused by violence applied to the upper and lateral 
part of the shoulder. There is great displacement; the lateral fragment being drawn 
downwards by the weight' of the arm, and rotated forwards and medialwards, so that it 
forms a right angle with the rest of the bone. 

Fracture of the surgical neck of the humerus (fig. 567) is very common. It is attended 
with considerable displacement, and its appearances correspond somewhat with those of 
dislocation of tho head of the humems into the axilla. ^ The upper fragment remains in 
its place under the coraco-acromial ligament; the lower is drawn medialwards by the 
Pectoralis major, Latissirnus dorsi, and Teres major; and the humerus is thrown 
obliquely from the side of tho chest by the Leltoideus, and occasionally elevated so as to 
(iansG the upper end of the lower fragment to project beneath and in front of the coracoid 
process. The deformity is reduced by fixing the shoulder, and drawing the arm lateral- 
wards and downwards. To counteract the opposing muscles, and to keep the fragmepts 
in position, a cone-shaped pad should bo placed in the axilla, and the arm bandaged to the 
aide by a broad roller passed round the chest in such a manner that the elbow Is carried 
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slightly forwards, so as to throw the upper end of the lower fragment backwards and 
lateralwards towards the head of the bone. The whole is then covered with a carefully 
moulded guttapercha or poroplastic shoulder-cap. 

In fracture of the 6od^ of the humerue below the insertion of the Pectoralis major, 
Latissimus dorsi, and Teres major, and above the insertion of the Deltoideus, there is also 
considerable deformity, the ppper fragment being drawn medialwards by the first- 
mentioned muscles, and the lower fragment upwards and lateralwards by the Deltoideus. 
Shox’tening of the limb results, with a considerable prominence at the' seat of fracture, 
from the fractured ends of the bone riding over one another, especially if the fracttiro take 
place in an oblique direction. The fragments may bo brought into apposition by exten- 
sion from the elbow, and retained in that position by adopting the same moans as in the 
preceding injury. 

In fracture of the body of the humerue immediately below the insertion of the 
Deltoideus the amount of deformity depends greatly upon tho direction of the fraciiire. 
If it occur in a transverse direction, only slight displacement takes place, tho upper 
fragment being drawn a little forwards; but in obliq\io fracture, the combined actions of 
the Biceps braohii and Brachialis in front and ihej Triceps braebii boliiiid draw upwards 
the lower fragment, causing it to glide over tho upper, citlier baclwards or forwards, 


Fig. 568. — Fracture of the liumerus 
above the condyles. 



according to the direction of tho fracture. Simple extejishai reduces the deformity, and 
the application of a shoulder-cap and splints to the arm will retain the fragments in 
apposition. 

Fracture of the humerus immediately above the condyles (fig. 508) deserves very 
attentive consideration, as the general appearances correspond some, what with tJiose 
produced by separation of the epiphysis of the humerus, and with those of dislocation of 
the radius and ulna backwards. If the direction of the fracture, is oblique, from above, 
downwards and forwards, the lower fragment is drawn upwards by the Brachialis and 
Biceps brachii in front, and the Triceps brachii behind; and at tlm same time is draw^n 
backwards behind the upper fragment by tho Triceps bracliii. Tljis fracture may bo 
diagnosed from dislocation, by the increased mobility, tho existence of crepitus, and tho 
fact that the deformity is remedied by extension, but is reproduced on the discontinuance 
of it. The age of tho patient is of importance in distinguishing this form of injury from 
Separation of the epiphysis. In some cases where the injury has been produced by 
falls on the olbow, the lower fragment is drawn upwards and forwards, causing a consider- 
able prominence in front, the upper fragment projecting backwards boneutb the tendon 
of tho Triceps braohii. 

In fracture of the olecranon (fig. 569) the detached fragment is displaced upwards 
from 1 cm. to 5 cm. by the action of the Triceps brachii ; tho prominence of the elbow is 
consequently lost, and a deep hollow is felt at tho back part of the joint, which is much 
increased on fioxing the limb. The patient at tho same time loses, more or less, tho power 
of extending the forearm. The treatment consists in wiring tho fragments togetlier ; but 
if for some reason this operation is not desirable, they should be approximated by strap- 
ping or a figure-of-B bandage, .and the arm put up in an extended position in order to 
relax tho Triceps brachii. Massage and possive movements must be employed early, for 
fear of ankylosis. Union, when wiring is not resorted to, is usually fibrous. 

In fracture of the radius below the insertion of the Biceps brachii, but above tbe* 
msertiou of the Pronator teres, the upper fragment is strongly supinated by the Biceps 
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brachii and SupinatoJr, awd at the same time drawn forwards by the Biceps bracliii, 
the lower fragment is pronated and drawn towards the ulna by both Pronators. 
Thus there is extreme displacement with very little deformity. In treating such a 
fracture the arm must be put up in a position of supination, otherwise union will take 
place with great impairment of the movements of the hand. In fractures of the radius 
below the insertion of the Pronator teres (fig. 670), the upper fragment is drawn upwards 
by the Biceps bracliii and medialwards by the Pronator teres, into a position midway 
between pjv^iation and supination, and a degree of fulness in the upper half of the forearm 
is thus produced . The low»ir fragment is drawn downwards towards the ulna and pn>; 
nated by the ftonator quadratus; at the same time, the Brachioradialis, by elevating the 
styloid process, into which it is inserted, will servo to depress the upper end of the lower 
fragment still more towards tlie ulna. In order to relax the opposing muscles the elbow 
should bo flexed, and the limb placed in a position midway between pronation and 
supination; the fracture is then easily reduced by extension from the wrist and elbow. 
Well-paddtjd splints should be applied on both sides of the forearm from the elbow to 
the wrist. 

In fracture of the body of the ulna the upper fragment retains its usual position, but 
the lower is drawn towards the radius by the pronator quadratus, producing a well-marked 
depression at the scat of fracture, and some fulness on the dorsal and volar surfaces of the 

forearm. The fracture is easily re- 
duced by extension from the wrist and 
elbow. The forearm should be flexed, 
and placed in a position midway 
between pronation and supination, and 
well-padded splints applied from the 
elbow to the ends of the fingers. 

In fracture of the bodies of the 
radius and ulna iogethett the lower 
fragments are drawn upwards, some- 
times forwards, sometimes backwards, 
according to the direction of the. frac- 
ture, by the combined actions of the 
flexor and extensor muscles, produc- 
ing a ilegreo of fulness on either the dorsal or volar surface of the forearm. At the same 
time the lower fragments are drawn into contact by the Pronator quadratus, the radius 
being in a state of i')rojiation. I'he upper fragment of the radius is drawn upwards and 
medialwards by the Biceps bvachii and Pronator teres to a higher level than the ulna ; 
the upper portion of the ulna ‘s slightly elevated by the Braehialis. The fracture may be 
reduced by extension from liie wrist and elbow, and the forearm should be placed in the 
same position as in fracture of the ulna. 

In fracture of the lower end of the radius (fig, 571) the displacement produced is very 
considerable, and bears some resemblance to dislocation of the carpus backwards, from 
which it should be carofnlly distinguished. The lower fragment is displaced backwards 


670.- -Frewture of the body of the radius. 



Fio. 671. — Fracture of the lower end of the radius. 



and upwards, but this displacement is due to the force of the blow driving the portion of 
the bone into this jposition, and not to any muscular influence. The upper fragment 
projects forwards, often lacerating the substance of the Pronator quadratus, and is drawn 
by this muscle into close contact with the lower end of the ulna, causing a protection bn 
the .volar surface of the forearm, immediately above tbe carpus, fiom the Flexor tendons 
being thrust forvrards. This fracture may be distinguished from dislocation by the 
relative^ positions of the styloid processes of the radius and ulna (the former of wmch is 
displaced upwards in fracture) and by the deformity being removed On making sufifictent 
extension, when crepitus may bo occasionally detected- The age of tbe patient" will 
assist in determining whether tbe injury is fracture or separation of l^e cpipWis, The 
treatment consists in flexing the forearm, and making powerful extetosionJfrom, the wiist 
and elbow, depressing at the same time the radial side of the hand, and retaining i&e 
parts- in a position of adduction towards t3ie ulnar side. . ^ ^ • 
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. FASCIAE AND MUSCLES OF THE LOWER EXTREMITY 

The muscles of the lower extremity are subdivided into groups oorrespondiug 
with the different regions of the limb. 

f. Muscles of the iliac region. IJI. Muscles of tbo leg. 

II. Muscles of the thigh. TV. Muscles of th(^ foot. 


I. Muscles of the Iliao Region (fig. 572) 

Psoas major. Psoas minor. lliacus. 

The fascia iliaca covers the Psoas and lliacus. It is thin above, and 
becomes gradually thicker as it approaches the inguinal ligainenl. 

The 'portion covering the Psoas is thickened above to form the medial lumbo- 
costal arch, which .stret(ihes from the transve^rse process of the first to the 
body of the second lumbar vertebra. Medially, it is attached by a scries of 
arched processes to the intcOTertebral Jibrocartilages, and ]irominent margins 
of the bodies of the vertebra?, and to the upper part of the sacrum ; the 
intervals oppo.sito the constricted portions of the bodies transmit the lumbar 
arteries and veins and filaments of the sympathetic trunk. Laterally, above 
the crest of the ilium, it is continuous with the fascia co%oring the front of 
the Quadratus lum])orum (sec p. 460), while below the crest of the ilium it 
is continuous with the fascia covering the lliacus. 

Tht? portion covering the Iliacm is connected, laterally, to the whole length 
of the inner lip of the iliac crest ; and medially, to Uh' Unoa termitmlis or brim 
of the lesser pelvis, where it blonds with the ])eriostoum. It is attached to 
the iliopectincal eminence wliore it receives tlic London of insertion of the 
Psoas minor, when that muscle exists. The external iliac, vessels lie in front 
of it, but the branches of the lumbar ijIoxus aie behind it ; it is separated 
from the peritoneum by a layer of subperitoneal areolar tissue (fascia of Abcr- 
nethy). 

Laterally to the femoral vessels, the iliac fascia is intimately (jonnected to 
tile posterior margin of the inguinal ligament, and is continuous with the 
transversalis fascia. It. puSkSCS behind ilio femoral vessels, and beyond the 
inguinal ligament becomes tlio 11 loj^ectincal fascia . This fa-seia divides the space 
between the inguinal ligament and the hip-bone into two lacuna) or com- 
partments. the medial of whi(.*h transmits the femoral vessels, the lateral the 
Psoas major, the lliacus and the femoral nerve. .Medially li> the vessels the 
iliopectiiK'al fascia is attached to the [lecion pubis, where it is continuous 
with the pectineal fas(da. On the thigh the iliopeetineal fas(iia covers the 
lliacus and the I’soas major, and forms the posterior w^all of the femoral 
sheath ; in this region it is the deep layer of tlu'. fascia lata. 

NjeWT Psoas major (fig. 572) is a long fusiform muscle placed nn the side 
of the lumbar region of the vcutebral eolumn anrl the brim of the hvsser pelvis. 
It arises (1) from the anterior surfaces and lower bordej’s of the Irjins verse 
processes of all the lumbar vertebra) ; (2) by five slips or digital ions, each 
of which takes origin from the bodies of tw^o vertebra? and their intervertebral 
fibrocartilage : the highest slip arises from the lower margin of the body of 
the twelfth thoracic vertebra, the upper margin of the body of the first lumbar 
vertebra and the interposed fibrocartilage, the lowest slip from tlie adjacent 
margins of the bodies of the fourth and fifth lumbar vertebra? and the interposed 
fibrocartilage ; (3) from a series of tendinous arch<\s which extend across the 
constricted parts of the bodies of the lumbar yertebriB between the preceding 
slips ; the lumbar arteries and veins, and filaments from the sympathetic 
trunk, pass beneath these tendinous arche.s. The muscle proceeds downwards 
across the brim of the lesser iielvis, and, diminishing gradually in .size, passes 
behind the inguinal ligament and in front of the capsule of the liip-joint, 
and ends in a tendon ; the lattior receives nearly the whole of the fibres of 
the lliacus and is inserted into the lowTr and posterior part of the leaser 



514 


MYOLOGY 


Fto. 572. “Muscles of the iliac ikI 
anterior femoral rof^ioiis. 



ttochant^r of the femur. A large bursa, 
which may communicate with the cavity 
of the liip-joint, separates the tendon 
from the os pubis and the capsule of 
the joint. 

Relations. — In the nbclomeii the Psoas major 
is in relation by its anterior surface with the 
medial lumbocostal arch, the fascia covering the 
muscle, the extraperitoneal fat and perij)oneum, 
the kidney, Psoas minor, renal vessels, ureter, 
spermatic vessels, and genitofemoral nerve. 
In front of the right Psoas is the inferior vena 
cava and the terminal portion of the ileum, and 
in front of the left the colon. By its posterior 
surface it is in relation with the transverse 
processes of the lumbar vertebrae » and the Quad- 
ratus lumboriiTii. The lumbar plexus is situated 
in the posterior part of the substance of the 
niuscLo. By its medial side, the muscle is in 
relation with tho bodies of the lumbar vertebra*, 
the lumbar arteries, the ganglia ted trunk of the 
sympathetic, and the lumbar lymph glands; 
with the inferior vena cava on the right, 
and the aoita on tho left side, and along the 
brim of the pelvis with the external iliac 
artery. 

In the thigh it is iji relation, in frtjiit, with 
the fas(da lata; behind, wdth the capsule of th(^ 
hip- joint, from which it is separated by a bursa; 
by its medial border, with tho Pcctineus and 
medial femoral circuintlex artery, and also with 
the femoral artery.' wliieli slightly overlaps it: 
by its lateral border, Avith the Iliacus. 

The femoral uorvi' descends at first through 
the fibres of Psoas major, then lies between it 
and the Iliacus, and at the level of the inguinal 
ligament is in front of the muscle. 

The Psoas minor (tig. 572) is placed 
ui front of the Psotib major. It arises 
frojn the sides of the bodies of the twelfth 
thoracic and first lumbar vertebrse and 
from the fibroeavtilage between them. Jt 
ends ill a long flat tendon which is inserted 
into the peeten pubis and iliopectmeal 
eminence, and, by its lateral border, into 
tho iliac fascia. This muscle is absent in 
about 40 per cent, of cases. 

The Iliacus (fig. 572) is a flat, tri- 
angular muscle, which fills the iliac fossa. 
Tt arises from the upper two-thirds of this 
fossa, and from the inner lip of the iliae 
erest : behind,.froin the anterior socro-iliae 
and the iliolumbar ligaments, and base of 
the saerum ; in front, it reaches as, far as 
the anterior superior and anterior inferior 
iliac spines, and the notch between them. 
The fibres converge to be insetted into 
the lateral side of the tendon of the Psoas 
major, some of them being prolonged on 
to Ihe body of the femur for about 
2*5 ejij. below and in front the leagiser 
trochanter.* .... 

♦The Paoas i^jor and lliacust are^somettaieB 
regarded a« a single muaole named the Uioptiw: • 
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^tations.>-^WithiB the abdomnu the Jliaeus i« m relation by its anterior svrface witli 
the iliao. .faseiaA wliicli separates the muscle from the extraperitouoal fat and peritoneum * 
and with the lateral femoral cutaneous nerve ; on the right side, with tlie cfieoum ; on the 
the iliac part of the descending colon; hy its posterior swr/ace, with tht; 
iUifiiosga; by its medial border , with the I^soas major and femoral nerve. 

in the thigh, it is In relation, by its anterior surface, with the fascia lata, Bectus 
femoris, Sartorius, and artcria profunda femoria; by it» posterior surface , witli tJie capsule 
of the hip- joint, a bursa common to it and the Psoas major being uiterpr^)sod. 

Nerves. — The Psoas major is supplied by branches of the second and thud j 
lumbar nerves, the Psoas minor by a branch of the first lumbar nerve, and the 
Iliacus by branches of the secondh and third lumbar nerves, through the femoral 
nerve. 

Actions. — The Psoas major, acting from above, flexes the thigh upon the pelvis, 
being assisted by the Iliacus ; acting from below, with the femur fixed, it bends the 
lumbar portion of the vertebral column forwards and to its owm side, and then, in 
conjunction with the Iliacus, tilts the pelvis forwards. When the musclea of both 
sides act from below, they serve to maintain the erect posture by supporting the 
vertebral column and pelvis upon the femora, or in continued action bond the 
tnink and pelvis forwards, as in raising the trunk frf>ni the recumbent ]>osture. 

The Psoas minor is a tensor of the iliac fascia. 

Applied Anatomy , — There is no definite septum between thcj portions of fascia cover- 
ing the Psoas and Iliacus respectively, and the fascia is onl> connected to tbo subjacent 
muscles by a quantity of loose connective tissue. When an absc.ess forms beneath this 
fascia, as it is verj' apt to do, the pus is contained in an osst'ofibroiis cavih wliich is closed 
on all sides within the abdomen, and is open only at its lower part, where the fascia 
prolonged over the muscles into the thigh. 

Abscess within the sheath of the Psoas major .(psowAi abaresn) is generally duo to 
tuberculous caries of the bodies cif the lower thoracic cu* the lumbar v(;rtebrie. When the 
disease is in the thoracic region, the matter tracks down the posti'rior mediastinal cavitj 
in Front of the bodies of the vcvtebnr, and, passing beiu'atb tiui medial lumbocostal arch, 
ontojrs the sheath of the Psoas, dowm wliich it travels as far as the pelvic brim; it then 
gets beneath the iliac portion of the fascia, and fills up tlio iliae. fossa. In consequence of 
the attachment of the fascia to the linoa terminalia, it i*arely finds its way into the lesser 
pelvis, but passes by a narrow opening under the inguinal ligament into the thigh, laterally 
to the femoral vessels. It thus follows that a psoas abscess may be described as con- 
sisting of four part^ : (1) a somowdat narrow channel at its upper part, in the psoas 
sheath; (2) a dilated sac in the iliac fossa; (3) a constricted neck under the inguinal 
ligament; and (4>a dilated sac in the upper part of the thigh. When the lumbar verte- 
brjK arc the scat of the disease, the matter finds its way directly into the substance of the 
Psoas. The muscular fibres are destroyed, and the nerves contained in the abscess are 
isolated and exposed in its interior; tbo iliac vessels which lie in front of the fascia 
remain intact, and the peritoneum seldom becomes implicated. All psoas abscesses do 
not, how’over, piir.sue this course; the pus may leave the sheath of tlu^ muscle above th** 
crest of the ilium, and tracking backw'ards may point in the loin {lumbar abscess); or it 
may point above the inguinal ligament in the inguinal region ; or it may follow the course 
of the branches of the hypogastric vessels into the lesser pelvis, and, passing through Ihe 
greater sciatic foramen, discharge itself on the bat'k of the thigh. 


II. Muscles oe the Thigh 
1. Anterior Femoral Muscles (fig. 572) 

rKoctiis femoriis. 

Tensor fasciae latae. Quadriceps J Vastus lateralis. 

Sartorius. femoris Vastus medialis. 

I Vastus intermedins. 

Articulari.s genus. 

,Tne superficial fascia forjus a continuous layer over the whole of the 
thigh,; it consists of fur^lar tissue containing in its Jiieshes much fat, and 
may be ^parated into two or more layers, between which are found the super- 
ficial yofisds and nerves.. It varies in thickness in different parts of the limb : 
in the groin it is thicks and the two layers arc separated from one another 
by the superficial ^ouxal Ijrmph-glands, the great saphenous vein, and several 
smaller, vessels. Tfo layer is continuous above with the super- 

ficial fascia of the abdomen. The" deep layer of the superficial fascia is a 
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very thin, librons .stratum, best marked on the medial wide of the great saphenous 
vein and below the inguinal liganicirt.. Tt is placed beneath the subcutaneous 
vessels and nerves and upon the surface of the fascia lata. It is intimately 
adherent to the fascia lata a little below the inguinal ligament. It covers the 
fossa ovalis (saphenous opening), ]>eing closely united to its circumference, 
and is connected to the sheath of the femoral vessels. The portion covering 
the fossa ‘OT»li« is perforated by the gieat saphenous vein and by blood 
and lymphatic vessels, lu'uce it ba.« been termed the fascia cribrosa^ the 
openings for thc.se \ e...sels having boon likened to the holes in a sieve. A large 
subcutaneous bursa is found in the superficial fascia over the patella. 

The deep fascia of the thigh is named, trom its great extent, the fascia 
lata : it constitutes an investment for the wliolo of this region of the limb, 
but varies in thickness in diitoreni parts, 'fbus, it is thicker in the upper 
and lateral pa^t of the thigh, where it receives a fib] >us expansion from the 
Gliitaous maximus, and whore the Tensor f sciae lata) is inserted between its 
layers ; it is very thin behind, and at the .ppov and medial part, wliere it covers 
the Adductor imisclos, but becouK-s ^-er around the knee, where it receives 
fibrous expansions from the tendon (d the ^ps fcjnoris laterally, from the 
Sartorius medially, and from the Quadriceps lem »rjs in front The fascia lata 
is attached, above and behind, to the baek of the sacrum and eoccyx ; laterally, 
to the- iliac crest ; in front, to the inguinal lig«amv ni and to the superieu* ramus of 
the os pubis ; and iiiedially, to the inferior rainiis of the pi. his, to the infonor 
j’annis and tuberosity of the ischiuiu. and to tt k *\'e-r bordt r c-f the sacro- 
tuberous ligament-, hhom its attechmont to the Ihic crest it descends as a 
dense fascia over the Glnticns rnedius to the uppc'r btjrdcr of the Ohitarus 
maximiis, where it splits into two !ayi^s, onr pasc-ing superficial and the otlmr 
deep to this muscle ; at the 'o\\< ordo) of tec' muscle the layers reunite. 
Latc'i-ally, the fascia. lata n'co h the g -ate’ >:ixt o." the inscilion of the fflutneus 
maximiis, and bt-ooirios proportionately t'lekcii \ The ]*o]ii{)ri of the fascia 
lata nttai^hc^d to tlic front pa it of the diac erosi., and correspond in g to the origin 
of the Tensor fasdjc lata^ , xtc nds do., ii the lateral side of the thigh as two 
layers, one sipierlKhil - j »i)o of '^r dec^j) to inusch- . at- the lower end 
of the muscio two ,<’rs ‘tiiitc, and form a strong baiul, having first 

received the in ion of lno rniisc]f\ This hand is continued downwards, under 
the Jiamo of fla? iliotibial tract .^jiiofibia! bond'i, and is attached to the lateral 
condyh* of the libi 1 1* part the ijotiiu.a' tract which lie.s deep to the 
Tensor fasciae latr is ])rolonged upwards t(; jo » the lateral part of the capsule 
of the hip-joint. 'Im “ scia lata is attached to all the prominent points 

around the knee-joirt, vi/.. tne eoi.d' k's of th ‘ Vi*" and tibia, and the head 
of the fibula. On either suit oi tho patella it ‘s ^’rengtl?«ncd by transverse 
fibres from the h)vvcr ])art^ of the Va.sti, which are- ai-iached to and support 
this hone. Of these the latere I are ' stronger, and are continuous with the 
ifiotibial tract. The fascia lata gives off two strong intermuscular septa, 
which are attached to the whole length of the- linca aspera of tho femur and 
its prolongations above and bclow^ : tiic Intend and stronger septum, which 
extends from tlu) insertion of the Glutceus nut.’wimus to the lateral condyle, 
separates the Vastus lateralis in front from the short licad of the Biceps femoris 
behind, and gives partial origin t«> these muscloKS ; tho medial and thinner 
septum sci)arates tho Vastus mcdialis from tlje zVdductors and the Pectineus. 
Re*sides those there are numerous smaller septa, separating tho individual 
muscles, and enclo.sing each in a distinct sheath. 

Tho fossa ovalis (saphonou.s opening) (fig, 573). — At the upper and medial 
part of the thigh, a little below tho medial end of the inguinal ligament, is 
a large oval aperture in tho fascia lata ; it transmits the great saphenous 
vein, and other smaller vessels, and is termed the fossa (yoalis. The fsvBcia 
cribrosa, which is pierced by the structures passing through the opening, closes 
the aperture and niust be removed to expose it. The fascia lata in this part of 
tho thigh is described as consisting of a superficial and a deep portion. 

The superficial portion of the fa.scia lata is, the part on the lateral side of 
the fossa ovalis. It is attached to tl)c crest and anterior sijnerior spine of the 
ilium, to the whole length of the inguinal ligament, and to the peoten pubis in 
conjunction with the lacunar ligament. From the tubercle of the os pubis 
it is reflected downwards and lateralwards, ixs an arched margin, the falciform 
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margin, forming the lateral boundary of the fosaa ovalLs ; thia margin overlies 
and is adherent to the anterior layer of the sheath of t’ ^ femoral vessels : to 
its edge is attached the fascia cribrosa. The upward medial prolongation 
of the falciform margin is named the mperior cornu ; its downward and medial 
prolongation, the inferior cornu. The latter is well defined, and is continuous 
behind the great ScA^phenous vein with the pectineal fascia. 

The deep portion is situated on the medial side of the fossa ovalis, and is 
continuous with the superficial portion i*t the lowev juargin of the fossa : traced 
upwards, it covers tho Fec'.aicub, Adductor iongus, and Gracilis, and, passing 
behind the sheath of the femoral vessels, to which it is closely united, is 
continuous with the iliopectiueal fascia, and is attae.hed to the pecten pubis. 


Fia, 573.— The fossi* vallci 



Prom this description it may bo observed that the superficial portion of tho 
fascia lata lies in front of tho femoral vessels, and the deep portion behind 
them, so that an apparent a|.ierturo e^cists between tho tw'o, through which 
the great saphenous x>as8es to join the femoral vein. 

The Tensor fasciae latae arises from tho anterior 5 cm. of the outer lip of the 
iliac crest ; from the outer surface of the anterior superior iliac spine, and part 
of tho outer border of the notch below' it, betwx'cm the Glutfieus medius and 
Sartorius ; and frofti the deep siu-face of the fascia lata. It is inserted between 
the two layers of the iliotibial tract of the fascia Uta about the junction of tho 
middle with the upper third of the thigh. 

The SartoriuSi^hc longest muscle in the? body, is narrow' and ribbondike ; 
it arises by tendinous fibres from the anterior superior iliac spine and the 
upper half of the notch below it. It crosses obliquely the ux>per and anterior 
parts of the thigh, from the lateral to the medial side, then descends vertically, 
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as far as the medial side of the knee, passing behind the medial condyle of the 
femur to end in a tendon* Tliis curves obliquely forwards and expands into a 
broad aponeurosis, which is inserted, in front of the Gracilis and Semitendinosus, 
into the upper part of the medial surface of the body of the tibia, nearly as 
far forwards as the anterior crest. The upper part of the aponeurosivS is curved 
backwards^ver the upper edge of the tendon of the Gracilis so as to be inserted 
behind it. Axs. offset, from its upper margin, blends with the capsule of the 
knee-joint, and another, from its lower boi*der, with the fascia on the medial 
side of the log. 


^ The relations? ul‘ this musclo to the- femoral iirter> are important, as it constitutes the 
chief guide in t}iug the vessel. In the upper third of the thigh it forms the lateral side 
of a triangle, the femoral (Scarpa^s) iriangle^ the medial side of which is formed by the 
medial border of the- Adductor longiis, and the base, directed upwards, by the inguinal 
ligament; the feinornl artery passes through the middle of this space from its base to its 
apex. In the middle third of the thigh, the femoral artery is contained in the adductor 
(Hunter's) conal^ on the roof of which the Sartorius lies. 

The Quadriceps femoris the great extensor muscle of the leg, and 
consists of a large fleshy mass which covers tlu? front and sides of the femur. 
It is subdivided into separate ]3ortions, which have received distinctive names. 
One occupying the middle of the thigh, and connected above with the ilium, 
is called from its straight course the liecins femoris. The other three lie in 
immediate connexion with the body of the femur, which they cover from the 
trochanters to the condyles ; that on the lateral side of tlie femur is termed 
the VaMus lateralis ; that on the medial sido„ the Vasitis medialis ; and that 
in front, the Vastus mtermejHus. 

The Rectus femoris is fu.siform in shape, and its superficial fibres are 
arranged in a bi])enriate manner, the deep fibres running straight domi to the 
deep aponeurosis, ft arises by two temdons : an anterior or straight, from 
the anterior inferior iliac^ spine, and a posterior or reflected, from a groove 
above the brim of the acetabulum. The two unite at an acute angle, and 
spread into an a|)oneuro is Avhich is prolonged downwards on the anterior 
surface of the muscle, and from this the muscular flbres arise. The muscle 
ends in a broad and thick aponeurosis which occupies the lower two-thirds of 
its posterior surface, and, gradually becoming narrowed into a flattened tendon, 
is inserted into the base of the patella, 

'.rho Vastus lateralis is the largest part of the Quadriceps femoris. It 
arises by a broad aponeurosis, wdiich is attached to the upper part of the inter- 
trochanteric lino, to the anterior and inferior borders of the greater trochanter, 
to the lateral lip of the glutaeal tuberosity, and to the upper half of the lateral 
lip of the linea aspvra : this aponeurosis covers the uppar three-fourthS of the 
muscle, and from its deep surface many fibres take origin. A few additional 
fibres arise from the tendon of the Qlutsous inaximus, and from the lateral 
intermuscular septum between the Vastus lateralis and short head of the Biceps 
femoris. The fibres form a large fleshy mass, which is attached to a strong 
aponeurosis, placed on the deep surface* of the lower part of the muscle : this 
aponeurosis contracts into a flat tendon which is inserted into the lateral 
border of the patella, blending with the Quadriceps femoris tendon, and giving ^ 
an exjmnsion to the capsule of the knee-joint. 

The Vastus medialis and Vastus intermedius appear to be inseparably 
united, but when the Rectus femoris has been reflected a narrow interval will 
be observed extending upwards from the medial border of the patella between 
the two muscles, and the separation may be carried to the lower pail) of the 
intertrochanteric line, where, however, the two muscles arc frequently oou- 
tinuouB. 

The Vastus niedialis arises from the lower half of the intertrochanteric 
line, the medial lip of the linea aspera, the upper part erf the medial supra- 
condylar line, the tendons of the Adductor longus and Adduptor ihagnus, 
and the medial intermuscular septum. Its fibres are directed downwards and 
forwards, and are chiefly attached to an aponeurosis whiqh lies on the deep 
surface of the muscle and is inserted into the medial b^^er of th$ patella 
and the Quadriceps femoris tendon, an expansion being sent eapstile 

of the knee-joint. . , . 
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The Vastus intermedius (Crureus) anses from the front and lateral surfaces 
of the body of the femur in its upper two-thirds and from the lower part of 
the lateral iutormuacular septum. Its fibres end in a sviperticial aponeurosis, 
which forms th3 deep part of the Quadriceps femoris tendon. 

The iendom of the different portions of the Quiidriceps unite at the lower 
part of tha thigh, to form a single strong tendon, which is inserted into the 
base of the patella, some fibres piissing over it to blend with the liganientum 
patellffi. More properly, the patella may be regarded as a sesamoid bone 
developed in the tendon of the Quadriceps; and the Jigamentiini patelL-e, 
w^hich is continued from the apex of the patella to the tuberosity of the tibia, 
as the proper tendon of insertion of the muscle, the mt^lial and lateral patellar 
retinacula (p. 400) being expansions from its borders. A bursa, which usually 
communicates with the cavity of the knee-joint, is situated between the 
femur and tlie portion of the Quadriceps tendon above the patella ; another 
is interposed between the tendon and the uppiu’ part of the front of the tibia 
(fig. 505). 

The Articularis genus (Suberureus) is a small muscle, usually distinct 
from the Vastus intermedius, but occasionally blended with it ; it consists of 
several muscular bundles which arise from thcj anterior surface of the lower 
part of the body of the femur, and are inserted into the upper part of the capsule 
of the knee-joint. 

Nerves.-- I’he Tensor fascia? Iat;e is supplied by the fourth and fifth lumbar and 
first sacral nerves through the superior gliitreal nerve ; the other muscles of this 
region, by the second, third, and fourth lumbar nerves, through the femoral nerve. 

Actions. — The Tensor fascire latae is a tensor <»f the fascia laf a ; continuing its 
action, the oblique direction of its fibres enables it to abduct the thigh and to rotate 
it inwards. In the erect posture, acting from below, it will serv^e to steady the 
pelvis upon the head of the femur ; by moans of the iliotibial tract it steadies 
the condyles of the femur on the articular surfaces of the tibia, and assists the 
Glutieus maximus in supporting the knee in th<‘ extended position. The Sartorius 
flexes the leg upon the thigh, and, continuing to act, flexes the tliigh upon the pelvis ; 
it next abducts and rotates the tliigh outwards. When the knee is bent, the Sar- 
torius assists the Semitendinosus, Semimembranosus, and Topliteus in rotating 
the tibia inwards. Taking its fixed point from the leg, it fle.xcs the pelvis upon the 
thigh, and, if one muscle only acts, assists in rotating the pelvis. The Quadriceps 
femoris extends the leg upon the thigh. The Reidiis femoris assists the Psoas 
major and lliacus in supporting the pelvis and trunk upon the femur. It also 
assists in flexing the thigh on the pelvis, or if the thigli lie fixed it will flex the pelvis. 
The Vastus medialis draws the pjitella medial wards as avcII as upwards. 

Applied Anatomy . — A few fibres of th»? Pectus femoris are occasionally ruptured from 
severe strain. This accident is especially liable to occur during the games of football and 
cricket, and is sometimes known as ‘ cricket thigh.* The patient experiences a sudden 
pain in the part, as if he had been struck, and the Rectus stands out and is felt to bo tense 
and rigid. The accident is often followed by considerable swelling from inflammatory 
effusion. Occasionally the Quadriceps femoris may be toj-n away from its insertion into 
tlie patella; or the ligaraentum patella? may bo ruptured about 2*5 cm, jibove the bone. 
This accident is caused in the same manner as fracture of the patella by muscular action, 
viz. by a violent muscular effort to prevent falling while the knee is in a position of sonii- 
flexion. A distinct gap can bo felt above the patella, and, owing to the retraction of the 
muscular fibres, union may fail to take place. 


2. Medial Femoral Muscles 

Gracilis. Adductor longiis. Adductor magnus. 

Pectineus. Adductor brevis. 

The Gracilis (fig. 573) is the most superficial muscle on the medial side of 
the thigh.' It is thin and flattened, broad above, narrow and tapering below. 
It arises by a thin aponeurosis from the anterior margins of the lower half of the 
symphysis pubis and the upper half of the pubic arch. The fibres run verti- 
oallv downwards, and eud iu a rounded tendon, which passes behind the medial 
condyle of the femur, curves round the medial condyle of the tibia, where 
it bc^mes flattened, and is inserted into the upper part of the medial surface 
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of the body of the tibia, below the condyle. A few of the fibres of the lower 
part of the tondon are prolonged into the deep fascia of the leg. At ite 

insertion the tendon is situated immedi* 


Fig. c)74. — Deep musclos of the medial 
femoral region. 



ately above that of the Semitendinosus, 
and its upper edge is overlapped by the 
tendon of the Sartorius, with which it 
is in part blended. It is separated from 
the tibial collateral ligament of the 
knee-joint by a bursa common to it and 
the tendon of the Semiteiidinosus. 

The Pectineus (fig. 572) is a flat, 
quadrangular muscle, situated at the 
anterior part of the upper and medial 
aspect of the thigh. It arises from the 
pecton pubis, and to a slight extent 
from the surface of bone in front of it, 
between the iliopectineal eminence and 
pubic tubercle, and from the fascia 
covering the anterior surface of the 
muscle ; the fibres pass downwards, 
backwards, and lateralw^ards, to be 
inserted into the femur, along a line 
leading from the lessor trochanter to 
the linea aspera. 

Relations. — Its aiUciior surface is in rela- 
tion with the fascia lata, which separates it 
from tho femoral vessels and great saphenous 
vein; its posicnor surface, with the capsule 
of the hip- joint, tho Adductor brevis, Obtu- 
rator externus, and the anterior branch of 
the obturator nerve; its laieral border ^ with 
the Vsoas major and tlu^ medial femoral 
circiiiriflex vessels; its medial border, with 
the margin of the Adductor long us. 

The Adductor longus (fig. 574), 
the most superficial of the throe adduc- 
tors, is a triangular muscle, lying in 
tho same plane as the Pectineus. It 
arises by a flat, narrow^ tendon, from 
tho front of the os pubis in the angle 
between tho crest and tlie symphysis. 
It soon expands into a broad fleshy 
belly which passes downwards, back- 
wards, and laicralwards, and is inserted, 
by an aponeurosis, into tho middle third 
of the linea aspera of the femur, 
between the Vastus medialis and the 
Adductor magnus, with both of which 
it is usually blended. 

Relations. — Its anterior surf ate is in rela- 
tion with the fascia lata, the Uartorius, and, 
near its insertion, with the femoral artery 
and vein; its posterior surface, with the Ad- 
ductores brevis and magnus, the anterior 
branch of tho obturator nerve, and near its- 
insertion with the profunda femoria vessels; 
its lateral border, with the Pectineus; its 
medial border, with the Gracilis. 


The Adductor brevis (fig. 574) is situated inamediately behind the two 
preceding muscles. It is somewhat triangular in form, and arises by a narrow 
origin from the outer surface of the inferior ramus of the os pubis, between 
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the Gracilis and Obturator externus. Its fibres, passing backwards, lateral - 
wards, and downwards, are inserted, by an aponeurosis, into the femur, along 
the line leading from the lesser trochanter to the linea aspera and into the 
upper part- of the linea aspera, immediately behind the Pectineus and upper 
part of the Adductor longus. 

Relations. — Its anterior surface is in relation with the Pectineus, Adductor longus, 
arteria profunda femoris, and anterior branch of the obturatcu* nerve; its pOHfcriyr surface, 
with the Adductor magnus, and posterior branch of the obturator nerve; its lateral 
border, with the medial femoral circumflex artery, the Obturator externus, and ognjoino.d 
tendon of the Psoas major and lliacus: its medial border ^ with the Gracilis and Adductor 
magnus. Tt is pierced near its insertion by the second, or first and second, perforating 
branches of the arteria profunda femoris. 

The Adductor magnus (fig. 574) is a large triangular muscle, situated on 
the medial side of the thigh. It arises from a small part of the inferior ramus 
of the os pubis, from the inferior ramus of the ischium, and from th(‘ lateral 
margin of the inferior part of the tuberosity of the ischium. Those fibres 
which arise from the ramus of the os pubis are short, horizontal in direction, and 
are inserted into the rough line leading from the greater troclianter to the 
linea aspera, medially to the Glutaaus maximus * ; those from the ramus of 
the ischium are directed downwards and lateralwards with different degrees 
of obliquity, to be inserted, by means of a broad aponeurosis, into the Tinea 
aspera and the upper part of its medial prolongation below. The m(idial 
portion of the muscle, composed principally of the fibres arising from the 
tuberosity of the ischium, forma a thick fleshy mass which descends almost 
vertically, and ends about the lower third of the thigh in a rounded tendon 
which is inserted into the adductor tubercle on the medial condyle of the 
femur, and is connected by a fibrous expansion to the lino leading upwards 
from the tubercle to the linea aspera. At the insertion of the muscle, there 
is a series of osseo-aponeurotic openings, formed by tendinous arclies attached 
to the bone. The upper four openings are small, and give passage to the 
perforating branches of the arteria profunda femoris. The lowf'st is of large 
size, and transmits the femoral vessels to the popliteal fossa. 

Relations. — Its anterior surface is in relation with the Pectineus, Adductores brevis 
and longus, tho femoral and profunda vessels, and the posterior branch of the obturator 
ncrvH3 ; its posterior surface, with the sciatic nerve, the Oluhens maximus, Biceps femoris, 
Somitendinosus, and Semiraomibranosus. Its superior border lies parallel with the Quad- 
ratus femoris, the superficial branch of the medial femoral circurnfit»x artorv passing 
between them; its medial border is in relation with the Gracilis, Sartorius, and fascia 
lata. 

Nerves. — The three Achluctors and the Gracilis are supplied by the third and 
fourth lumbar nerves through the obturator nerve ; the Atlductor magnus receives 
an additional branch from the sacral plexus through the sciatic nerve. The 
Pectineus is supplied by the second, third, and fourth lumbar nerves through the 
femoral nerve, and by the third lumbar through the accessory obturator nerve wli<?n 
this latter exists. Occasionally it receives a branch from tho obturator iierve.f 

Actions. — The Pectineus and three Ad<iuctoros adduct the thigh powerfully ; 
they are especially used in horse exercise, the sides of the saddle being grasped 
between -the knees by the contraction of these masclcs ; they rotate the thigh 
outwards, and when the limb has been abducted, they draw it medialwards, carrying 
the thigh across that of the opposite side. The Pcctinciw and Adductores brevis 
and longus assist the Psoas major and lliacus in flexing the thigh upon the pelvis. 
In progression, all these jnuscles assist in drawing forwards the lower limb. The 
Gracilis assists the Sartorius in flexing the leg and rotating it inwards ; it is also an 
adductor of the thigh. If T;he lower extremities be fixed, these muscles, taking 
their fixed points below, may act upon the pelvis, serving to maintain the body in 

* These uppermost fibres are somotuncs described a separate musolc — the Adductor minimns 
—which is situated somewhat anteriorly to the other parts of the muscle. 

t The Pectineus may consist of two incompletely separated strata ; tho lateral or dorsal 
stratom, which is constant, is supplied by a branch from the femoral non e, la* in the atwenct* 
of this branch by tho accessory obturator nerve ; the medial or ventral stratum, when present, 
is supplied by the obturator nerve. — ^A. M. Paterson, Journal of Amtomj and Phyaiology, vol. 
xxvi. p. 43. ‘ 
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an erect postnre ; or, if their action be continued, flex the pelvis forwards upon 
the femur. 

Applied Anatomy , — The Adductor longus is liable to be severely strained in those 
who rido miich on horseback, or its tendon may be ruptured by suddenly gripping the 
saddle. Occasionally, especially in cavalry soldiers, the tendon becomes oBsined, con- 
stituting-*^ ‘ rider s bone.’ 


Mi'Sclks of Glut^^sal Region (fig. 575) 


(ihibeas iiuixijnus. 
({lutious medius. 
Glut inns minimus, 
l^riformis. 


Obturator extornus. 


Obturator iuternus. 
Gemellus superior. 
Gemellus inferior. 
Quadratns femoris. 


The Glutxus maximus, the largest and most superficial muscle in the 
glutsoal region, is a broad and thick fieshy mass of a quadrilateral shape, and 
forms the prominence of the mates. Its large size is one of the most charac- 
teristic features of the muscular system in man, connected as it is with the 
power he has of maintaining the trunk in the erect iiosture. The muscle is 
remarkably coarse in structure, being made up of fasciculi lying parallel with 
one another, and collected into largo bundles separated by fibrous septa. It 
arises from the posterior glutseal line of the ilium, and the rough portion of bone, 
including the crest, immediately above and behind it ; from the aponeurosis 
of the Sacrospinalis ; from the posterior surface of the lower part of the sacrum 
and the side of the coccyx ; from the sacrotuberous ligament, and from the fascia 
(glutajal aponeurosis) covering the GliitaDus medius. The fibres run obliquely 
downwards and/iateralwards ; those forming the upper and larger portion 
of the muscle, together with the superficial fibres of the lower portion, end 
in a thick tendinous lamina, which passes across the greater trochanter, and 
is inserted into the iliotibial tract of the fascia lata ; the deeper fibres of the 
lower portion of the musmo are inserted into the glutaBal tuberosity of the femur 
between the Vastus lateralis and Adductor magnus. 

Three bursm are usually found in relation with the deep surface of this 
muscle. One, of large size, and generally multiloeiilar, separates it from the 
greater trochanter ; a second, often wanting, is situated on the tuberosity of 
the ischium ; a third is found between the tendon of the muscle and that of the 
Vastus lateralis. 

Relations. — Its superficial surface is in relation with a thin fascia which separates 
it from the subcufaDeous tissue; its deep surface, with the ilium, sacrum, coccyx, anti 
sacrotuberous ligament, part of the Glutoeus medius, Tiriformis, Gemelli, Obturator 
iuternus, Qiiadratus femoris, the tuberosity of the ischium, greater trochanter, the origins 
of the Biceps femoris, Semitendinosiis, Semimembranosus, and the Adductor magnus. 
The superficial part of the superior glut»ol artery reaches the deep surface of the muscle 
by passing between the Piriformis and the GlutR?us medius; the inferior gluteeal 
internal pudendal vessels and the sciatic, pudendal, and lateral femoral cutaneous nerves, 
and muscular branches from the sacral plexus, issue from the pelvis below the Piriformis. 
The first perforating artery and tho terminal branches of the medial circumflex femoral 
artery are also found under cover of the lower part' of the muscle. Its upper border is 
thin, and is coanoeted with tho Glutaeus medius by the glutse^ aponeurosis. “^Its lower 
border is free and prominent, and is crossed by the fold of the nates. * 

The Glutasus medius is a broad, thick, radiating muscle, situated on the 
outer surface of the pelvis. Its posterior third is covered by thp Gltttoua 
maximus, its anterior two-thirds by the glutscal aponeurosis, which. separAteg.: 
it from the superficial fascia and integument. It arises from the outer surface 
of tho ilium between the iliac crest and posterior glutasal line above, and, the 
anterior glutseal line below ; it also arises from the strong fascia whfeh ooviorg 
the upper part of ite outer surface. The fibres converge to a flattened tendon^ 
which is inserted into the oblique ridge dii^ected downwards and forwai^ on the , 
lateral surface of the greater trochanter of the femur. A brma separAtieg'^ 
the tendon of the muscle from the surface of the troehfi^nter ov<»* which • 

The Glutseus minimus, the smallest of the three Gldtaei, is placM 
ately beneath the preceding. It is fan-shaped, arising fi^m tbe.ouier 



MUSCLES OF THE THIGH 623 


of the ilium, between the 
anterior and inferior glutaaal 
lines, and behind, from the 
margin of the greater sciatic 
notch. The fibres converge 
to the deep surface of a 
radiated aponeurosis, ^d this 
ends in a tendon which is 
inserted into an impression 
on the anterior border of the 
greater trochanter of the 
femur, and gives an exx)an- 
sion to the capsule of the 
hip-joint. A bursa is inter- 
posed between the tendon 
and the greater trochanter. 

Between the Gluticus mediiis 
and Glutrtjiis minimus are the 
deep branches of the superior 
gluttcal vessels and the superior 
gluteeal nerve. The deep surface 
of the Qlutffius minimus is in 
relation with the reflected tendon 
of the Rectus femoris and the 
capsule of the hip-joint. 

The Piriformis lies almost 
parallel with the posterior 
margin of the Olutous medius. 
It is situated partly Avithin 
the pelvis against its posterior 
wall, and partly at the back 
of the hip-joint. It arises 
from the front of the sacrum 
by three fleshy digitations, 
attached to the portions of 
bone between the anterior 
sacral foramina, and to the 
grooves leading from the fora- 
mina ; a few fibres also arise 
from the margin of the 

g reater sciatic foramen, and 
om the anterior surface of 
the sacrotuberous ligament. 
The muscle passes out of 
the pelvis through the greater 
sciatic foramen, and is in- 
serted by a rounded tendon 
into the upper border of the 
greater trochanter of the 
femur, behind and above, 
but often partly btoded with, 
the common tendon of the 
Obturator intemus and Ge- 
mdli. . 

. , RdotioM .^ — Within ike pelviff 
the anterior mrface of the Piri- 
formis is in relation with the 
xectum (especially on the left 
side), the sacral plexus of nerves, 
ead branches of t^e hypogastric 
;,,yessials; posterior surf doe with 
' Vthe Ooorpm, ' Odtside the petvii, 

■ ,ite akioripf surface is in contact 


Fig. 575 . — Muscles of the glutteal and posterior 
femoral regions. 
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with the posterior surface of the ischium and capsule of the hip- joint; and its posterior 
surfacOf with the Glutssus maxiinus. Its uppev border is iu relation "with the Glutoeus 
medius, and the superior glut-teal vessels and nerve; its lower border, with the Gemellus 
superior and Coccygeus. 'Flie inferior glutteal and internal pudendal vessels, and the 
sciatic, posterior femoral cutaneous, and pudendal nerves, and muscular branches from 
the sacral plexus, appear on the buttock between the Piriformis and Gemellus superior. 
The mu?*'^ is frequently pierced by the common peromeal nerve. 

The Obturator membrane (tig. 576) is a thin fibrous sheet, which almost 
comjjletely closes the obturator foramen. Its fibres are arranged in interlacing 
bundles mainly transverse in direction ; the uppermost bundle is attached to 
the obturator tubercles and completes the obturator canal for the passage 
of the obturator vessels and nerve. The membrane is attached to the sharp 
margin of the obturator foramen except at its lower lateral angle, where it is 
fixed to the pelvic surface of the inferior ramus of the ischium, i.e. within the 
margin. Goth Obturator muscles arc connected with this membrane. 

Fig. 576.— The obturator membrane. 


sup. ilUiC spinv^ 


Inter pubic 
fibro- 

cartilaginous 

lamina 



Transverse acetabular 
liga 771171 1 


The Obturator internus is situated partly within the lesser pelvis, and 
partly at the back of the hip-joint. It arises from the inner surface of the 
anterolateral wall of the pelvis, where it suiTounds the greater port of the 
obturator foramen, being attached to the inferior rami of the os pubis and 
ischium and to the inner surface of the hip-bone below and behind the pelvic 
brim, reaching from the upper part of the greater sciaHc foramen above and 
behind to the obturator foramen beloiv and in front. It also arises from 
the medial part of the pelvic surface of the obturator membrane, from the 
tendinous arch which completes the canal for the passage of the obturator 
vessels and nerv'e, and to a slight extent from the obturator fascia, which 
covers the muscle. The fibr^ converge rapidly towards the lesser sciatic 
foramen and end in four or five tendinous bands on the deep surjEace of the 
muscle ; these bands arc reflected at a right angle over the grooved surface 
of the ischium between its spine and tuberosity. The grooved ftuifaoe is 
covered by smootli cartilage, which is separated from the tendon by a bursa, 
and presents one or more ridges corresponding with the furrows between the 
tendinous bands. These, bands leave the pelvis throu^ the lesser sciatic 
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foramen and unite into a single flattened tendon, which passes horizontally 
across the capsule of the hip-joint, and, after receiving the attachments of the 
Gemelli, is inserted into the fore part of the medial surface of the greater tro- 
chanter of the femur, above and in front of the trochanteric fossa. A bursa, 
narrow and elongated in form, is usually found between the tendon and the 
capsule of the hip-joint ; it occasionally communicates with the bursa between 
the tendon and the ischium. 

Relations. — Within the pelvis^ the anterolateral surface oi the muscle is in relnticn 
with the obturator membrane and inner surface of the anterior wall of the pelvis; its 
pelvic surface^ with the obturator fascia, and the origin of the Levator ani, and with the 
internal pudendal vessels and pudendal nerve, which cross it. The pelvic surface forms 
the lateral boundary of the ischiorectal fossa. Outside the pelvis, the muscle is covered 
by the Gluteeus maximus, crossed by the sciatic nerve, and rests on the back of thi*. 
hip-joint. As the tendon of the Obturator intern us emerges from the lesser sciatic 
foramen it is overlapped both in front and behind by the tw’o Gemelli which form a 
muscular canal for it; near its insertion the Gemelli pass in front of the tendon and form 
a groove in which it lies. 

The Gemelli are two small muscular fasciculi, accessories to the tendon 
of the Obturator internus which is received into a groove between them. 

The Gemellus superior, the smaller of the two, arises from the outer 
surface of the .spine of the ischium, blends with the ui)pcr part of the tendon 
of the Obturator internus, and is inserted with it into tlie nu^dial surface of 
the greater trochanter of the femur. It is sometimes w^anting. 

The Gemellus inferior arises from the upper part of the tuberosity of the 
ischium, immediately below the groove for the Obturator internus tendon. 
It blends with the lower part of the tendon of the Obturator intcrjins, and 
is inserted with it into the medial surfeice of the greater trochanter. 

The Quadratus femoris is a flat, quadrilateral muscle, between the 
Gemellus inferior and the upi)er margin of the Adductor magnns ; it is separat(‘.d 
from the latter by the superficial branch of the medial femoral circumflex 
artery. It arises from the upper j>art of the external border of the tuberosity 
of the ischium, and is insetted into the upper ]>art of the linca qiiadrata of the 
femur. A bursa is often found between the front of this muscle and the lesser 
trochanter. 

The Obturator externus (fig. 517) is a fiat, triangular muscle, which covers 
the outer surface of the anterior wall of the pelvis. It arises from the margin 
of bone immediately around the medial side of the obturator foramen, viz. 
from the rami of the os pubis, and the inferior ramus of the ischium ; it also 
arises from the medial two-thirds of the outer surface of the ohtuiator mem- 
brane, and from the tendinous arch which completc's the canal for tlio passage 
of the obtui’ator vessels and nerves. The fibrt's springing from the inferior 
ramus of the ischium extend on to the inner surface of the bone, where they 
obtain ^ narrow origin between the margin of the foramen and the attachment 
of the obturato)' membrane. The fibres converge and ])as3 backwards, lateral- 
wards, and upwards, and end in a ttmdon which runs across the back of tlie 
neck of the femur and lower part of the capsule of the hip-joint and is inserted 
into the trochanteric fossa of the femur. The obturator vessels li(3 bot^^een 
the muscle and the obturator membrane ; the anterior branch of the obturator 
nerve reaches the thigh by passing in front of the muscle, and the posterior 
braJich by piercing it. 

Nerves. — The Glutaius maximus is supplied by the fifth lumbar and first and 
second sactal nerves through the inferior gluteeal nerve ; the Glutrei medius and 
minimus by the fourth ^nd fifth lumbar and first sacral nerves through the superior 
gluta^al nerve ; the Piriformis is supplied by the first and second .sacral nerves ; 
the Gemellus inferior and Quadratus femoris by the last lumbar and first sacral 
nerves; the Gemellus superior and Obturator internus by the first, second, and 
third sacral nerves, and the Obturator externus by the third and fourth lumbar 
nerves through the obturator nerve. 

Actions. — ^When the Glutfious maximus takes its fixed point from the pelvis, it ' 
extends the femur and brings it into line with the tnink. Taking it^=* fixed point 
below, it supports the pelvis and the trunk upon the head of the femur ; this is 
‘especially oovious in standing on one leg. Its most powerful action is to raise the 
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trunk after stooping, by drawing the pelvis backwards, being assisted in this action 
by the »^mitendiiiosii.s, Semimembranosus and long head oi the Biceps temons. 
The Glutseus inaximus is a tensor of the fascia lata, and by its conneaaon with the 
iliotibial tract steadies the femur on the articular surfaces of the tibia during standing, 
when the Extensor muscles art' relaxed. The lower part of the muscle also acts ^ 
an addt?*‘‘^^r and external rotator of the limb. The Glutfoi medius and minimus 


Fk.. 577. — The Obturator oxteruus. 



abduct the thigh when the limb is extended, and are principally called into action 
in supporting the body on one limb, in conjunction with the Tensor fosciso latee. 
Tlieir anterior fibres draw the greater trochanter forwards and rotate the thigh 
inwards, in which action they arc also assisted by the Tensor fasciee lata?. The 
remaining muscles are powerful external rotators of the thigh. When the thigh 
is tloxed upon the pelvis, they cease to act as rotators, and become abductors, 
with the exception of the Obturator externus, which still rotates the femur 
outwards. 


4. Posterior Femoral Muscles (fig. 575) 

Biceps femoris, Semitondiuosus. Semimembranosus. 

Tho Biceps femoris is situated on the ix)sterolateral aspect of the thigh. 
It has two heads of origin : one, the long head, arises from the lower and medial 
iiniiression on the back part of the tuberosity of the ischium, by a tendon 
common to it and the Semitendinosus. and from the lower part of the sacro- 
tuberous ligament ; the other, the short head, from tho lateral lip of the linea 
aspera of the femur, between the Adductor magnus and Vastus lateribUs, 
extending up almost as high as the insertion of the Qlutsous maximus ; frotn 
the lateral prolongation of the linea aspera to within 6 cm. of the lateral con- 
dyle ; and from the lateral intermuscular septum. The fibres of the lon^ 
head form a fusiform belly, which passes obliquely downw^ards andlateralwards; 
ac*.ross the sciatic nerve to end in an aponeurosis ; this aponeurosis covers the 
posterior surface of the muscle, receives on its deep surface the fibres pf .the ^prt 
head, and gradually contracts into a tendon^ which is inserted into the latertiil 
Bid© of the head of the fibula, and by a small slip into the lateral coind^laof the 
tibia. This tendon forms the lateral hamstring and divides into , 

which embrace the fibular collateral ligament of the knee^jmnt ; ^ TO 
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posterior border a thin expansion is given off to the fascia of the leg. The 
common peronaeal nerve descends along its medial border. 

The SemitendinosuSy remarkable for the great length of its tendon of 
inserrion, is situated at the posterior and medial aspect of the thigh. It arises 
, from the lower and medial impression on the tuberosity of the ischium, by 
a tendon common to it and the long head of the Biceps femoris ; it also arises 
from an aponeurosis connecting the adjacent surfaces of the two muscles to 
the extent of about 7*5 cm. from their origin. The muscle is fusiform and 
ends a little below the middle of the thigh in a long round tendon which lies 
along the medial side of the popliteal fossa; the tendon curves around the 
medial condyle of the tibia, passes over the tibial collateral ligament of the knee- 
joint, from which it is separated by a bursa, and is inserted into the upper 
part of the medial surface of the body of the tibia behind the insertion of the 
Sartorius and belqijv that of the GraciUs. At its insertion it is united with 
the tendon of the Gracilis and gives off a prolongation to the deep fascia of 
the leg. A tendinous intersection is usually observed about the middle of 
the muscle. 

The Semimembranosus, so called from its membranous tendon of origin, 
is situated at the back and medial side of the thigh. It arises by a thick tendon 
from the upper and lateral impression on the tuberosity of the isphium, above 
and laterally to the Biceps femoris and Semitendinosus. and is inserted into 
the groove on the back of the medial condyle of the tibia. The tendon of 
origin expands into an aponeurosis, which passes downwards under cover of 
the Semitendinosus and long head of the Biceps femoris; from^his aponeurosis 
muscular fibres arise, and converge to another aponeurosis \i4iich covers the 
lower part of the posterior surface of the muscle and contracts into the tendon 
of insertion. The tendon of insertion gives off certain fibrous expansions ; 
one, of considerable size, passes upwards and lateralwards to be inserted into 
the back part of the lateral condyle of the femur, forming part of the oblique 
popliteal ligament of the knee-joint ; a second is continued downwards to the 
fascia which covers the Popliteus muscle : while a few fibres join the tibial 
collateral ligament of the knee-joint and the fascia of the leg. The muscle 
overlaps the upper part of the popliteal vessels. 

The tendons of insertion of the Semitendinosus and Semimembranosus form 
the medial hamstrings. 

Nerves. — The three muscles are supplied by lh(i fourth and fifth lumbar and the 
first, second, and third sacral nerves ; the short head of the Biceps femoris receives 
its nerve from the common perona?al nerve ; the Semitendinosus, Semiineni- 
branosus, and long head of the Biceps femoris arc supplied tiirough the tibial nerve. 

Actions. — The hamstring muscles flex the leg upon the thigh. When the knee 
is semiflexed, the Biceps femoris in consequence of its oblique direction rotates the 
leg slightly outwards ; and the Semitendinosus, and to a slight extent the Semi- 
membranosus, rotate the leg inwards, assisting the Popliteus. Taking their fixed 
point from below, these niascles serve to support tlie pelvis upon the head of the 
femur, and to draw the trunk directly backwards, as in raising it fioni the stooping 
position or in feats of strength, when the body is thrown backwards in the form 
of an arch. As already indicated on p. 346, complete flexion of the liip cannot 
be effected unless the knee-joint is also flexed, on account of the shortness of the 
hamstring muscles. 

Applied Anatomy, — lu disease of the knee-joint, contraction of the hamstring 
tendons is a frequent complication ; this causes flexion of the leg, and a partial dislocation 
of tliq tibia backwards, with a slight degree of rotation outwards, probably due to the 
action of the Biceps femoris. The hamstring tendons occasionally require subcutaneous 
division in i^otnc forms of spurious ankylosis of tho knee-joint dependent upon porinanent 
, contraction and rigidity of the muscles, or from contracture of the ligamentous and other 
tissues surrounding the joint, the result of disease. The relation of the oommou peronaeal 
hc^ve, which lies in close apposition to the medial border of the tendon of tho Biceps 
femoris, must always be borne in mind in dividing this tendon, and a free incision with 
exposure of tho tendon, before division, is the safer proceeding. 
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III. Muscles of the Leg 

The muscles of the leg may be divided into three groups : anterior, posterioT* 
and lateral, 

1. Anterior Crural Muscles (fig. 578) 

Tibialis anterior. Extensor digitorum longus. 

Extensor hallucis longus. Peronseus tertius. 

The fascia cruris or deep fascia of the leg is continuous above with the 
fascia lata, and is attached around the knee to the patella, the ligamontum 
patella?, the tuberosity and condyles of the tibia, and the head of the fibula. 
Behind, it forms the i)opliteal fascia which covers the popliteal fossa ; here it 
is strengthened by transverse fibres, and perforated by the small saphenous 
vein. It receives an expansion from the tendon of the Biceps femoris laterally, 
and expansions from the tendons of the 8artorius, Gracilis, Semitendinosus, 
and Semimembranosus mcdiallj^ ; it blends with the periosteum covering the 
subcutaneous surface of the tibia, and with that covering the head and malleolus 
of the fibula ; below, it is continuous wdth the transverse crural and laciniate 
ligaments. It is thick and dense in the upixn* and anterior part of the leg, and 
gives origin, by its deep smface, to some fibres of the Tibialis anterior and 
Extensor digit^m longus ; it is thinner behind, whore it covers the Gastro- 
cnemius and Sorous. On the laUiral side of the leg it gives oft the anterior and 
posterior Jibnlar intermuscular septa which are attacjhed respectively to the 
anterolateral and posterolateral borders of the fibula ; in the anterior and 
posterior crural regions the fascia also gives off several slender processes which 
enclose the individual muscles. A broad transviTse intermuscular septum, 
called the deep transverse fascia of the Icfjy intervenes between the superficial 
and deep post(‘.rior crural muscles. 

'rhe Tibialis anterio’" is situated on the lateral side of the tibia; it is 
thick and fleshy above, tendinous below. It arises from the lateral condyle 
and upper half or two-tliirds of the lateral surface of the bod}’^ of the tibia ; 
from the adjoining part of the anterior surface of the interosseous membrane ; 
from the deep surface of the fascia cruris ; and fi om the intfjmuscular septum 
between it and the Extensor digitorum longus. The fibres run vertically 
downw’ards, and end in a tendon which is apparent on the anterior surface of 
the muscle at the lower third of the leg ; after passing through the medial 
compartments of the transverse and cruciate crural ligaments, it is inserted 
into the medial and under surfaces of the first cuneiform bone, and the base 
of the first metatarsal bone. This muscle overlaps the anterior tibial vessels 
and deep peronjcal nerve in the upper part of the leg. 

The Extensor hallucis longus is a thin muscle, situated betwwn the 
Tibialis anterior and the Extensor digitorum longus. It arises from the 
anterior surface of the fibula for about the middle two-fourths of its extent, 
medially to the origin of the Extensor digitoniiu longus ; it also arises from 
the canterior surface of the interosseous membrane to a similar extent. The 
anterior tibial vessels and deep perons&al nerve lie between it and the Tibialis 
anterior. The fibres pass downwards, and end in a tendon, which occupies 
the anterior border of the muscle, passes through a compartment in the cruciate 
crural ligament, crosses to the medial side of the anterior tibial vessels near 
the ankle-joint, and is inserted into the base of the distal phalanx of the great 
toe. Opposite the metatarsophalangeal articulation a thin prolongation is 
given off from either aide of the tendon and covers the dorsal surface of the 
joint. An expansion from the medial side of the tendon is usually inserted 
into the base of the proximal phalanx. 

The Extensor digitorum longus is a peunate muscle, situated at the 
lateral part of the front of the leg. It arises from the lateral condyle of the 
ti^ia, the upper three-fourths of the anterior surface of the body of the fibula, 
the upper part of the anterior surface of the interosseous membrane, the deep 
surface of the fascia cniris, the anterior fibular intermuscular septum and 
the septum between it and the Tibialis anterior. Between it and tfie Tibiftlif^ 
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r)>|erior are the upper portionB of the anterior 
ribial vessels and deep peronssal nerve. The 
tendon passes under the transverse and cruciate 
i^ral ligaments in company with the Feronssus 
' Ttius, and divides into four slips, which run 
prward on the dorsum of the foot, and are 
inserted into the second and third phalanges of 
the four lesser toes. The tendons to the second, 
third, and fourth toes are each joined, opposite 
the metatarsophalangeal articulation, on the 
lateral side by a tendon of the Extensor digi- 
torum brevis. The tendons are inserted as fol- 
lows : each receives a fibrous expansion from 
the corresponding Lumbricalis and Interossei, 
and then spreads out into a broad aponeurosis, 
which covers the dorsal surface of the first 
phalanx : at the articulation of the first with 
the second phalanx this aponeurosis divides into 
three slips — an intermediate, which is inserted 
into the base of the second phalanx ; and two 
collateral slips, which, after uniting with one 
another on the dorsal surface of the second 
phalanx, are inserted into the base of the 
third phalanx. 

The Peronaeus tertius is a part of the 
Extensor digitorum longus, and might be 
described as its fifth tendon. The fibres 
belonging to this tendon arise from the lower 
third or more of the anterior surface of the 
fibula, the lower part of the anterior surface of 
the interosseous membrane, and the anterior 
fibular intermuscular septum. The tendon 
passes under the transverse and cruciate 
crural ligaments in the same compartment as 
tlio Extensor digitorum longus, and is inBcrttd 
into the dorsal surface of the base of the fifth 
metatarsal bone, but often spreads into a thin 
sheet which extends forwards along the shaft of 
the bone. This muscle is sometimes wanting. 

Nerves. — These muscles arc supplied by the 
fourth and fifth lumbar and first sacral nerves 
through the deep peronajal nerve. 

Actions, — The Tibialis anterior and Peronseus 
tertius are the direct flexors of the foot at the 
ankle-joint ; the former muscle, when acting in 
conjunction with the Tibialis posterior, raises the 
medial border of the foot (i.e. inverts the foot) ; 
and the latter, acting with the Porontei brevis and 
longus, raises the lateral border of the foot (i.e. 
everts the foot). The Extensor digitorum longus 
and Extensor hallucis longus extend the phalanges 
of the toes, and, continuing their action, ficx the 
foot upon the leg. Taldng their fixed points 
from below, in the erect posture, all these 
mnscles serve to fix the bones of the leg in the 
perpendicular position and give increased strength 
to the anide-joint. 

2. Posterior Crural Muscles 

The muscles of the back of the leg are sub* 
divided into two groups — superficial and deep. 
Those of the superficial group constitute a 
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Fig. 578.— Muscles of the front 
of the leg. 
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powerful muscular mass, forming the calf of the teg. , Thoir larg^e sisBe is one 
of the most characteristic features of the mu^uter apparatus ik noian, and 
bears a direct relation to his erect attitude and^ms mode of progression. 


Fig. 579. — Muscles of the back of the 
Superficial fTroup. 



Superficial Orovp (fig. 679) ^ v 

• »' 

Gastrocnemius. Soleus. Plantaris; 

The Gastrocnemius is the most super* 
ficial triuscle, and forms the greater part 
of the calf. It arises by two heads, which 
are connected to the condyles of the 
femur by strong, flat tendons. The 
medial and larger head takes its origin 
from a depression at the upper and 
posterior part of the medial condyle behind 
the adductor tubercle, and from a rounded 
tubercle on the popliteal surface of the 
femur just above the medial . condyle. 
The lateral head arises from an impression 
on the lateral surface of the lateral condyle 
and from the lower part of the correspond- 
ing epicondylic ridge. Both heads also 
arise from the subjacent part of the 
articular capsule of the knee-joint. Each 
head spreads out into a tendinous expan- 
.sion which covers the posterior sunaco 
of the corresponding part of the muscle. 
From the anterior surfaces of these ten- 
dinous expansions, muscular fibres are 
given off ; those of the medial head being 
thicker and extending lower than those 
of the lateral. The fibres unite at an 
angle in the middle lino of the muscle 
in a tendinous raphe, Tvhich expands into 
a broad aponeurosis on the anterior 
surface of the muscle, and into this the 
remaining fibres are inserted. The apo- 
neurosis, gradually contracting, unites 
with the tendon of the Soleus, and forms 
with it the tendo calcaneus. 

Relations.— Tho fascia cruris separates the 
superficial surface of the muscle from the small 
saphenous vein, and the peronseal anastomotic, 
medial sural cutaneous, and aural nerves; the 
common peronteal nerve crosses the lateral head 
of the muscle, lying partly under cover of Biceps 
femoris. The deep surface is iiji relation with 
the oblique popliteal ligament of the knee-joint, 
the Popliteua, Soleus, Flantaris, poplitejed 
vessels, and tibial nerve, b front of tiba 
tendon of the medial head is a bursa, which,' in 
some cases, communicates wittt the cavity of 
the knee-joint. The tendon of the lateral head 
sometimes contains a sesamoid fibrocart^age or 
bone, where it plays over the oorrespondiUg 
condyle ; and one is occasionBiUy found in. 
tendon of the medial head. ' 


The Soleus is a broad flat muscle situated immediately m front of tlhe 
Gastrocnemius. It arises by tendmems fibres from the baiqk, of ihe head, and 
from the upper fourth of the posterior surface of the body, of the fibula from, 
the popliteal line and the mi^le third of the medial border of the tibia ^ and' 
from a fibrous band ^hich stretches between th^ orijgins and arehps over 
popliteal vessels htld tibial nerve. The tendinous briguis froni the tibia and' 
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fibula cxpAh<l and join one another to form a well-marked, coronally placed, 
intramuscular septum, the anterior and posterior surfaces of which constitute 
the immediate attachment of the majority of the muscular fibres. The muscular 
. fibres end in an aponeurosis, which covers the posterior surface of the muscle, 
'ifthd, gradually becoming thicker and narrower, joins with the tendon of the 
Cfastrocuemius, and forms with it the tendo calcaneus. 

Relational — Its superficial surface is in relation with the Gastrocnemius and Plantaris ; 
its deep surface, with the Flexor digitoriim longus, Flexor hallucis longus, Tibialis 

S osterior, and posterior tibial vessels and nerve, from all of which it is soparatcn by tbo 
eep transverse fascia the leg. 

The Gastrocnemius and Soleus together form a muscular mass which is 
occasionally described as the Triceps surce ; its tendon of insertion is the tendo 
calcaneus. 

The tendo calcaneus (tendo Achillis), the common tendon of the Gastro- 
cnemius and Soleus, is the thickest and strongest in the body. It is about 
16 cm. long, and begins near the middle of the leg, but receives fleshy fibres on 
its anterior surface, almost to its lower end. It gradually narrows and thickens 
until it reaches a level about 4 cm. above the calcaneus ; below this level it 
expands and is inserted into the middle part of the posterioi surface of the 
calcaneus, a bursa being interposed between the tendon and the upper part 
of this surface. 

The Plantaris arises from the lower part of the lateral prolongation of the 
linea aspera, and from the oblique popUtcal ligament of the knee-joint. It 
forms a small fusiform belly, from 7 cm. to 10 cm. long ; this ends in a long 
slender tendon which crosses obliquely between the Gastrocnemius and Soleus, 
and runs along the medial border of the tendo calcaneus, to be msertod with it 
into the posterior part of the calcaneus. I'his muscle is sometimes double, 
and at other times wanting. Occasionally, its tendon is lost in the laciniatc 
ligament, or in the fascia of the leg. 

Nerves. — The Gastrocnemius and Soleus are suppljt‘(I by the first and second 
sacral nerves, and the Plantaris by the fourth and fifth lumbar and first sacral 
nerves, through the tibial nerve. 

Actions. — The muscles of tlie calf are the chief extensors of the foot at the 
ankle-joint. They possess considerable power, and are called into use in standing, 
walking, dancing, and leaping; hence the large size they usually present. In 
walking, these muscles raise tlic heel from the ground ; the body being thus 
supported on the raised foot, the opposite lim)> can be carried forwards. In 
standing, the Soleus, taking its fixed point from below, steadies the leg upon the foot. 
The Gastrocnemius, acting from below, serves to flex the femur upon the tibia. The 
Plantaris is the rudiment of a large muscle, the tendon of which in some of the lower 
animals is continued over the calcaneus to be inserted into the plantar aponeurosis : 
in man it is an accessory to the Gastrocnemius, extending the ankle if the foot be 
free, or bending the knee if the foot be fixed. 


Deep Oroup (fig. 680) 

Popliteus. Flexor digitorum longus. 

' Flexdt h^jUucis longus. Tibialis posterior, 

- The deep transverse fascia of the leg is a septum between the superficial 
and deep muscles of the back of the leg. At the sides it is connected to the 
medial margin of the tibia and the posterolateral border of the fibula. Above, 
where ,it covers the Popliteus, it is thick and dense, and receives an expansion 
' from the tendon of the Semimembranosus ; it is thinner in the middle of the 
leg ; but below, where it covers the tendons passing behind the malleoli, it 
is tl^ckened ^d continuous ^th .the laciniate ligament. 

PopUteilS is a thin, flat, triangular muscle, which forms the lower part 
of the floor of the popliteal fossa. It arises by a strong tendon about 2-5 cm. 
long, from a depresrion at the anterior part of the groove on the lateral condyle 
. oiihe leauttr, and to a small ext^t from the oblique popliteal ligament of the 
; t^eOr^hait. /|t is inserted into the medial two-thirds of the triangular surface 
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above the popliteal line on the posterior surface of the body of the tibia, and 
into the tendinous expansion covering the muscle. 

, . 1,1 Relations. — Its tendon of origin is covered by the 

Fio. 580. — Muscles of the back tendon of the Biceps femoris and by the fibular ool- 

of the leg. Deep group. lateral ligament of the knee-joint : it grooves the 

posterior border of the lateral meniscus, and is in- 
I vested by the synovial stratum of the capsule of the 

/ ,|S knee-joint. The fascia covering the muscle separates 

//I 4 ( ■ ll. it from the Gastrocnemius, Plan taris, popliteal vessels, 

vi‘' and tibial nerve. The deep surface of the muscle is in 

// contact with the oblique popliteal ligament of the 

knee-joint and tho back of the tibia. 


,/// 




The Flexor hallucis longus is situated 
fibular side of the leg. It arises from 
llT the inferior two-thirds of the posterior surface 

body of the fibula, with the exception of 
about 2*5 cm. at its lowest part ; from the 
lower part of the interosseous membrane ; from 
posterior fibular intermuscular septum, and 
from the fascia covering the Tibialis posterior. 
Tho fibres pass obliquely downwards and 
fSESgBfm^u. backwards, and end in a tendon which 

iH^rW H ffili occupies nearly tho whole length of the 

*f f\Jl posterior surface of the muscle. This tendon 

^ groove which crosses tho posterior 
'rir "in siirface of the lower end of the tibia, the posterior 

surface of the talus, and tho under surface 
sustentaculum tali of the calcaneus. 

forw^ards 

between the two heads of the Flexor hallucis 
t brevis, and is inserted into the base of tho 

V distal phalanx of tho great toe. Tho grooves 

h talus and calcaneus, which contain the 

f tendon of the muscle, are converted by ten- 

^ dinous fibres into a canal which is lined by a 

mucous sheath. As the tendon passes forwards 
I in the sole of tho foot, it is situated above, and 

I crosses from the lateral to the medial side of, 

II® tendon of tho Plexor digitorum longus, to 

/ which it is connected by a fibrous slip. 

Relations. — Its superficial surface is in relation 
Soleus and tondo calcano\is, from which it 
iWMm w”// separated by the deep transverse fascia; its deep 

illiSM surface^ with the fibula, Tibialis posterior, the pero- 

1 ffJil /flif/ vessels, tho lower part of the interosseous mem- 

JIb/I Alt'll brane, and the , ankle-joint ; its lateral border ^ with 

J fKli ,911 tho PeroBici; its medial border, with the Tibialis 

j/JI Mil IJ posterior, posterior tibial vessels and tibial nerve. 

wl ml .mill Flexor digitorum longus is situated 

T rm f flill tibial side of the leg. At its origin it is 

mrjP^lin tliin and pointed, but it gradually increases, in 

size as it descends. It arises from the posterior 
surface of the body of the tibia, medially to the 
/ tibial origin of the Tibialis posterior; this 
I origin extends from immediately below the 

popliteal lino to within 7 cm. or 8 cm. of the 

v r . lower extremity of the bone ; it also arises 

from the fascia covering the lS.bialis posterior. 
The fibres end in a tendon, which runs nearly the whole length of the posterior 
surface of the muscle. * . This tendon passes behind the medial malleolus, in a 
groove common to it and the Tibialis posterior, but separated from the Ipii&t by 
a fibrous septum ; each tendon being contained in a special compartment lined 
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by a separate mucous sheath,. It passes obliquely forwards and latoralwards^ 
superficially to the deltoid ligament of the ankle-joint, and deep to the laciniate 
liganjent, andlsnters the sole of the foot (fig. 584), where it crosses below the 
tendon of the Flexor hallucis longus, and receives from it a strong tendinous 
slip. It then expands and is joined by the Quadratus plantar, and finally 
divides into four tendons, which are inserted into the bases of the last phalanges 
of the second, third, fourth, and fifth toes, each tendon passing through an 
opening in the corresponding tendon of the Flexor digitdnim brevis opposite 
the base of the first phalanx. 

Relations. — In the leg its superficial surface is in relation with the posterior tibial 
vessels and tibial nerve, and the deep transverse fascia which separates it from the 
Solcus; its deep surface, with the tibia and Tibialis posterior. In the foot, it is covered 
by the Abductor hallucis and Flexor digitorum brevis, and crosses superficially to the 
Flexor hallucis longus. 

The Tibialis posterior lies between the Flexor hallucis longus and Flexor 
digitorum longus, and is the deepest muscle on the back of the leg. It begins 
above by two pointed processes, separated by an angular interval through 
which the anterior tibial vessels pass to the front of the leg. It arises from the 
whole of the posterior surface of the interosseous membrane, with the exception 
of its lowest part ; from the lateral portion of the posterior surface of tlie body 
of the tibia, between the commencement of the popliteal line above and the 
junction of the middle with the lower third of the body below ; and from the 
upper two-thirds of tho medial surface of the fibula ; some fibres also arise 
from the deep transverse fascia, and from the intermuscular septa separating 
it from the adjacent muscles. In the lower fourth of the log its tendon passes 
in front of that of the Flexor digitorum longus and lies with it in a groove 
behind tho medial malleolus, but enclosed in a separate sheath ; it next passes 
under the laciniate and over tho deltoid ligament into the foot, and then below 
tho plantar calcaneonavicular ligament, wliero it contains a sesamoid tibro- 
cartilage. It is inserted into tho tuberosity of the navicular bone, and gives 
off fibrous slips, one of which passes backwards and is attached to the sustenta- 
culum tali of the calcaneus, while others pass forwards and lateralwards and 
arc fixed to the three cuneiform bones, the cuboid bone, and the bases of the 
second, third, and fourth metatarsal bones. 

Relations. — ^Its superficial surface is in relation with the Solcus, from which it is 
separated by tho deep transverse fascia, the Flexor digitorum longus, the posterior tibial 
vessels and tibial nerve, and the perouseal vessels; its deep surface with the interosseous 
membrane, the tibia, fibula, and ankle-joint. 

Nerves. — ^he Popliteus is supplied by the fourth and fifth lumbar and first 
sacral nerves, the Flexor digitorum lon^ and Tibialis posterior by the fifth lumbar 
and first sacral, and the Flexor hallucis longus by tho fifth lumbar and the first 
and second sacral nerves, all through the tibial nerve. 

Actions. — ^The Popliteus assists in flexing the leg upon the thigh ; when the 
leg is flexed, it will rotate the tibia inwards. It is especially called into action at 
the beginning of the act of bending the knee, inasmuch as it produces the slight 
inward rotation of the tibia which is essential in the early stage of this movement. 
Tne Tibialis posterior is a direct extensor of the foot at the ankle-joint ; acting in 
conjunction with the Tibialis anterior, it turns the sole of the foot upwards and 
medialwards (i.e. inverts the foot), antagonising the Peronaei, which turn it upwards 
and lateralwards (evert it). In the sole of the foot the tendon of the Tibialis posterior 
lies directly below the plantar calcaneonavicular ligax^ent, and is therefore an 
im^rtant factor in maintaining the*arch of the foot. The Flexor digitorum longus 
and Plexor hallucis longus are the direct flexors of the phalanges, and, continuing 
their action, extend the foot upon the leg ; they assist the Gastrocnemius ana 
Soleus in eluding the foot, as in the act of walking, or in standing on tiptoe. 
In consequence of the oblique direction of its tendons the Flexor digitorum longus 
would draw the toes medialwards, were it not for the Quadratus plantes, which , 
inserted into the laterd side of the tendon, draws it to the middle line of the 
foot. Taking their fixed point from the foot, these muscles servo to maintain the 
upright postpre by steadying the tibia and fibula perpendicularly upon the talus. 
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3. Latbeal Ceueal Mus^Eiiiss (fig. 580) 

PeronsDUS longus, Peronaeus brdvis. 

The Peronaeus longus situated at the upper part of the lateral side of * 
the leg» and is the more superficial of the two muscles. It arises £rom the 
head; a'S® upper two-thirds of the lateral surface of the body, of the fibula, 
from the deep surface of the fascia, and frbm the anterior and posterior fibular 
intermuscular septa : occasionally also by a few fibres from the lateral condyle 
of the tibia. Between its attachments to the head and body of the fibula 
there is a gap through which the common peronmal nerve passes to the front 
of the leg. It ends in a long tendon, which runs behind the lateral malleolus, 
in a groove common to it and the tendon of the Peronscus brevis, behind which 
it lies ; the groove is converted into a canal by the superior peronaeal retina- 
culum, and the tendons in it are contained in a common mucous sheath. The 
tendon then extends obliquely forwards across tlie lateral sid3 of the calcaneus, 
below^ th(^ trochlcsar process and the tendon of the Poronaeus brevis, and under 
cover of the inferior x)eronaeal retinaculum ; it crosses the lateral side of the 
cuboid bone, and then runs on the under surface of that bone in a groove wliich 
is converted into a canal by the long plantar ligament. It then crosses the 
solo of the foot obliquely, and is inserted into the lateral side of the base of 
the first metatarsal bone and the lateral side of the first cuneiform bone ; 
occasionally it sends a slip to the base of the second metatarsal bone. The 
tendon changes its direction at two points : first, below the lateral malleolus ; 
secondly, on the cuboid bone ; in both of those situations it is thickened, and, 
in the latter, a sesamoid fibrocartilage (sometimes a bone) is usually developed 
in its substance. 

The Peronaeus brevis arises from the lower two-thirds of the lateral 
surface of the body of the fibula, in front of the Peronaiiis longus ; and from 
the anterior and posterior fibular intermuscular sej)ta. The fibres i)as8 verti- 
cally downwards, and end in a tendon which nms behind the lateral malleolus 
along with but in front of that of the Peronaius longus, the two tendons being 
enclosed in the same compartment, and lubricated by a common mucous 
sheath. It then runs forwards on the lateral side of the calcaneus, above the 
trochlear process and the tendon of the Poronseus longus, and is inserted into 
the tuberosity at the base of the fifth metatarsal bone, on its lateral side. 

On the lateral surface of the calcaneus the tendons of the Peronaei longus 
and brevis occujry separate osseo-aponeurotic canals formed by the calcaneus 
and the inferior peronaoal reticulum ; each tendon is enveloped by a forward 
lu'olongation of the common mucous sheath. 

Nerves. — The Peronaei longus and brevis are supplied by the fourth and fifth 
lumbar and fust sacral nerves througli the superficial peronaeal nerve. 

Actions. — The Peronsei longus and brevis extend the foot upon the le^ in con- 
junction with the Tibialis posterior, antagonising the Tibialis anterior and Peronaeus 
tertius. The Peronaeus longus also everts the foot, and from the oblique direction 
of its tendon across the sole is an important agent in the maintenance of the trans- 
verse arch of the foot. Taking their fixed points below, the Peronasi serve to steady 
the leg upon the foot. This is especially the case in standing upon one leg, when 
the tendency of the superincumbent weight is to throw the leg medialwards : the 
Peronaeus longus overcomes this tendency by drawing on the "laj^rtil side of 
the leg. 

Applied Anatomy. — The student should now consider the positions of the tendons of 
the various muscles of the leg, their relations with the ankleqoint and stirroundij^ 
vessels, aud especially their actions upon the foot, as their rigidity and contraction give 
rise to one or otlier of the kinds of defonnity known as club fooU . The most simpla and 
common deformity, and one that is rarely, if ever, congenital, is talipes equinuet the he^ 
being raised by the rmidity and contraction of the Gastrocnemius so that the patient 
ujpon the ball of the foot. In iaIipefK vatue, the foot is forcibly adducted medial 

side of the sole raised, sometimes to a right angle with the groimd, by We' action. of tl^ 
Tibiales anterior and posterior. In talipes valgus, the lateral ^ge of We foot ia ralM by; 
the Peronaei, and the patient walks on the medial side of the f<^t> Tnialipfs 
the toes are raised by the Extensor muscles, the, heel is deprased and the pati^t wajlkC 
upon it. Other varieties of defonnity are met with, as talipes sgtimooattfs, equinaiti^ui^i ■ 



535 


FASCIA ROUND THE ANKLE 

and oahaneovalgue^ names wMch su^ciently indicate tbeir nature. Of these, talipes 
equinovarus is the most common congenital form ; the heel is raised by the tendo cal- 
caneus, the medial border of the foctdrawm upwards by the Tibialis anterior, tlie anterior 
two-thirds twisted medialwards by the Tibialis posterior, and the arch increased by the 
contraction of the plantar aponeurosis, so that the patient walks on the middle of the 
lateral border of . the foot. Each of these deformities may sometimes bo successfully 
relieved by division of the opposing tendons and fascia ; by this means the foot regains its 
proper position, and the tendons heal by tbo organisation of lymph thrown out between 
the divided ends. The operation is easily performed by putting the contracted tendon 
upon the stretch, and dividing it by means of a narrow, sharp-pointed knife inserted 
beneath it. 

Bupturo of a few of the fibres of the Gastrocnemius, or rupture of the Plaiitaris tendon , 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frequently occurs during the game of laivn-tennis, and is hence known 
‘ lawn-tennis leg. * The accident is accompanied by a sudden pain, and produces a sensa- 
tion as if the individual bad been struck a violent blow on the part. Tlio tendo caicancxis 
is also sometimes ruptured. It is stated that John. Hunter ruptured his tendo calcaneus 
while dancing, at the age of forty. The bursa between the tendo calcaneus and the 
posterior surface of the calcaneus sometimes becomes inflamed, especially in pedestrians 
and ‘ long-distance * walkers. It causes great and disabling pain, and entirely prevents 
the sufferer from continuing his walk. 


FASCIA ROUND THE ANKLE 

Fibrous bands, thickened portions of fascia, bind down the tendons in 
front of and behind the ankle in their passage to the foot. They comprise 
the transverse crural, cruciate crural, and laciniate ligaments, and the superior 
and inferior peronaeal retinacula. 

The transverse crural ligament (upper part of anterior annular ligament) 
(figs. 578, 681) binds down the tendons of the Tibialis anterior, Extensor halliicis 
longus, Extensor digitorum longus and Peromeus tertius as they descend 
on the front of the tibia and fibula ; the anterior tibial vessels and the deep 
peronsaal nerve also pass under cover of it. It is attached laterally to the) 
lower end of the fibula, and medially to tho tibia ; above, it is continuous 
with the fascia of the leg. 

The cruciate crural ligament (lower part of anterior annular ligament) 
(figs. 678, 581) is a Y-shaped band placed in front of the ankle-joint. The 
stem of the Y is attached to the upper surface of the calcaneus, in front of the 
sulcus calcanei ; it is directed mtwbalwards in front of tho tendons of the 
Peron«us tertius and Extensor digitorum longus and divides into two limbs. 
One limb is directed upwards and medialwards, to bo attached to the tibial 
malleolus, passing over the Extensor hallucis longus and tho anterior tibial 
vessels and deep peronsBal nerve, but enclosing the Tibialis anterior by a splitting 
of its fibres. The other limb extends downwards and medialwards, to be 
attached to the border of the plantar aponeurosis ; it crosses the tendons of 
the Extensor hallucis longus and Tibialis anterior, and the arteria dorsalis 
pedis and tho termiiml branches of the deep peronaeal nerve. 

The laciniate ligament (internal annular ligament) extends from tho 
tibial malleolus above to' the margin of the calcaneus below ; its upper border 
is continuous with the deep fascia of the leg, its lower with tho plantar apo- 
neurosis and the fibres of origin of the Abductor hallucis muscle. It converts 
a series of bony grooves in this situation into canals for tho passage of the 
tendons of the flexor muscles into the sole of the foot and also affords protection 
to the posterior tibial vessels and tibial nerve as they enter the sole of the 
foot. From the medial to the lateral side, these structures lie in the following 
order : tendon of the Tibialis posterior, tendon of tho Flexor digitorum longus, 
posterior tibial vessels and tibial nerve, and tendon of the Flexor hallucis 
Ipnraa. 

^e peronseal retinacula are fibrous bands which retain the tendons of 
the Feronssi longus . and brevis in position as they cross the lateral side of the 
onbile. The mperiar reiim^lum (external annular ligament) is attached 
above to the lateral miaJleoius and below to the lateral aunace of the calcaneus, 
!!Che infefiqr is continuous in front with the cruciate crural liga- 

in^t;j behind it ia attached to the lateral surface of the calcaneus ; some of its 
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fibres are fixed to the trochlear process of the calcaneus, forming a septum 
between the tendoils of the Peromei longus and brevis. 

The mucous sheaths of the tendons round the ankle. — The tendons 
crossing the ankle-joint are enclosed in mucous sheaths which have an almost 


Fio. The mucous sheaths of the tendons round the ankle. Lateral aspect. 

i- 



Peroveeus brevis Peronwus tertius 



uniform length of about 8 cm, each. On the front of the ankle (fig, 681) the 
sheath for the Tibialis anterior extends from the upper margin of the trans? 
verse crural ligament to the interval between the diverging limbs of the^cruciate 
ligament ; those for the Extensor digitorum longus and Extensor halluois 
longus reach upwards to just above the level of the malleoli, the former being 
the higher^ The sheath of the Extensor halluois longus is prolonged op to 
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the base of the first metatarsal bone, while that of the Extensor digitorum 
longus reaches only to the level of the base of , the fifth metatarsal bone. On 
the imdM side of the ankle (fig. 582) the sheath for the Tibialis postcTior extends 
for about 4 cm. above the malleolus ; below, it ends just short of the insertion 
of the tendon into the tuberosity of the navicular bone. The sheath for Flexor 
haflucis longus reaches up to the level of the malleolus, while tliat for the 
Flexor digitorum longus is slightly higher ; the former is continued to the 
base of the first metatarsal bone, but the latter ends opposite the navicular 
bone. 

On the lateral side of the ankle (fig. 581) a sheath, which is single for the 
greater part of its extent, encloses the Peronaji longus and brevis. It extends 
upwards for about 4 cm. above the tip of the malleolus and downwards and 
forwards for about the same distance. 


IV. Musclks of thk Foot 
1. Dorsal Muscle of the Foot 
Extensor digitorum brevis 

The fascia on the dorsum of the foot (fascia dorsalis pedis) is a thin mem^ 
branous layer, continuous above with the transverse and cruciate crural liga- 
ments ; on either side it blends with the plantar aponeurosis ; anteriorly it 
forms a sheath for the tendons on the dorsum of the foot. 

The Extensor digitorum brevis (figs. 578, 581) is a thin muscle, which 
arises from the forepart of the upper and lateral surface of the calcaneus, in 
front of the groove for the Peronasus brevis ; from the lateral talocalcaneal 
ligament, and the stem of the cruciate crural ligament. It passes obliquely 
forwards and medialwards across the dorsum of the foot, and ends in four 
tendons. The medial part of the muscle is usually a more or less distinct slip 
ending in a tendon which crosses the dorsalis pedis artery and is inserted into 
the dorsal surface of the base of the first phalanx of the great toe ; it is some- 
times described as a separate muscle— the Extensor hallucis brevis. The other 
three tendons arc inserted into the lateral sides of the tendons of the Extensor 
digitorum longus of the second, third, and fourth toes. 

Nerves. — It is supplied by the deep peroiiaeal nerve. 

Actions.— The Extensor digitorum brevis extends the phalanges of the four toes 
into which it is inserted, but, in the great toe, acts only on the first phalanx. 


2. Plantar Muscles of the Foot 

The plantar aponeurosis is of great strength, and consists of white fibres 
disposoa, for the most part, longitudinally : it is divided into central, lateral, 
and medial portions. 

The central portion, the thickest, is narrow behind, and attached to the 
medial process of the tuberosity of the calcaneus, posteriorly to the origin of 
the Flexor digitorum brevis ; it becomes broader and thinner in front, and 
divides near the heads of the metatarsal bones into five processes, one for each 
of the toes. Each of these processes splits opposite the metatarsophalangeal 
articulation into two strata, superficial and deep. The superficial stratum 
is inserted into the skin of the transverse sulcus which separates the toes from 
the sole. The deep stratum divides into two slips which embrace the sides 
of the flexor tendons of the toes, and blend with the sheaths of the tendons, 
and. with the transverse metatarsal ligament, thus forming a series of arches 
through which the tendons of the short and long flexors pass to the toes. 
Through the intervals between the five processes the digital vessels and nerves 
and the tendons of the Lumbricales are transmitted. At the point of division 
of, the aponeurosis are numerous transverse fasciculi which bind the processes 
togeth^, and connect them with the integument. The central portion of 
the plantar apopeurosis is continuous with the lateral and medial portions, and 
sends upwards into the foot, at the lines of junction, two vertical intermuscular 
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septa, which aepa^tc the intermediate from the lateral and medial groups of 
plantar muscles ; these vertical septa thixmer transverse septa are derived 
which separate the different layers or muscles' in this region. The upper 
surface of the central part of the aponeurosis gives origin behind to the Flexor 
digitorum brevis. 

The Iffiffral portim covers the under surface of the Abductor digit! quinti ; 
it is thiif in front and thick behind, where it forms a strong band between 

the lateral process of the tuberosity of the 
__ 1 I. 1 , I. 1 calcaneus and the base of the . fifth 

tie. .>83.— jVIuscleg of the sole of the metatarsal bone ; it is continuous medidly 
oo . m ayer. central portion, and laterally 

with the fascia dorsalis pedis. 

The medial portion is thin, and covers 
the under surface of the Abductor 
hallucis ; it is attached behind to the 
laciniate ligament, and is continuous 
medially with the fascia dorsalis pedis, 
and laterally with the central portion of 
the plantar aponeurosis. 

The muscles in the plantar region of 
the foot may be divided into medial, 
lateral and intermediate groups ; but 
for descriptive purposes it is more con- 
venient to divide them into four layers, 
in the order in which they are successively 
exposed in dissecting this region. 

First Layer (fig. 683) 

Abductor hallucis. 

Flexor digitorum brevis. 

Abductor digiti quinti. 

The Abductor hallucis lies along the 
medial border of the foot and covers the 
origins of the plantar vessels and nerves. 
It arises from the medial process of the 
tuberosity of the calcaneus, the laciniate 
ligament, the plantar aponeurosis, hnd 
the intermuscular septum between it and 
the Flexor digitorum brevis. The fibres 
end in a tendon which is inserted, together 
with the medial tendon of the Flexor 
hallucis brevis, into the medial side of the 
base of the first phalanx of the great toe. 

The Flexor digitorum brevis lies 
immediately above the central part of 
the plantar aponeurosis. Its deep sur- 
face is separated from the lateral pautar 
vessels and nerves by a thin flayer of 
fascia. It arises by a narrew ' teiid^ 
from the medial process of the tfiberosity 
of the calcaneus, the central part of 
the plantar aponeurosis, and the intermuscular septa between it and the 
adjacent muscles. It divides into four tendons, one for each of the four lesser 
toes. Opposite the basses of the first phalanges, each tendon divided into 
two slips, to allow of the passage of the corresponding tendon of the Flexed 
digitorum longus ; the two slips then unite and form a grooved ohannd 
the reception of the accompanying long flexor tendon. The tendon diVides 
again and is inserted into ^e sid^ of the second phalanx about itis mi4dfo^ 
The mode of division of the tendons of the Hexor digitoitim brevfe^ 6f 
their insertion into the phalanges, is analogous to that Of . the tex^ns 
Flexdr digitorum sublimis in the l^d. ^ ^ 
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^ Fibrous sheaths of the flexor , tendons.— The tormina! portions of the 
tendons of the long and short flexor muscles aro contained in osseo'^aponeurotio 
canals similar in their aiTangement to those in the fingers. These canals are 
bounded above by the phalanges, and below by fibrous bands, which arch across 
the tendons, and are attached on either side to the margins of the phalanges. 
Opposite the bodies of the proximal and second phalanges the fibrous bands 
(vdffinal ligaments) are strong, and the fibres are transverse ; but opposite 
the joints they are much thinner, and the fibres are directed obliqiiely. Each 
canal contains a mucous sheath, which is refiectod on the contained tendons ; 
within this sheath are vincula tendinea arranged similarly to those of the lingers. 

The Abductor digit! quinti lies along the lateral border of the foot, and 
its medial margin is in relation with the lateral plantar vessels and nerve. It 
arises from the lateral and medial processes of the tuberosity of the calcaneus, 
the under surface of the bone between the processes, the plantar aponeurosis, 
and the intermuscular septum between it and the Flexor digitorum brevis. 
Jts tendon glides over a smooth facet on the under surface of the base of the 
fifth metatarsal bone and is inserted, with the Flexor digiti quinti brevis, into 
the lateral side of the base of the first phalanx of the fifth toe. 


Second Layer (fig. 584) 


Quadratus plantsc. 


Lumbricnles. 


The Quadratus plants (Flexor accessorius) arises by two heads, which 
are separated from each other by the long plantar ligament : the medial, the 
larger, head is muscular, and is attached to the medial concave surface of the 
calcaneus, below the gi'oove for the tendon of the Flexor hallucis longns ; 
the lateral head, flat and tendinous, arises from the calcaneus in front of the 
lateral process of its tuberosity, and from the long plantar ligament. The two 
portions join at an acute angle, and end in a flattened band which is inserted 
into the surfaces and lateral margin of the tendon of the Flexor digitorum 
Jongus, forming a kind of groove in which the tendon is lodged. It usually 
sends slips to those tendons of the Flexor digitorum longus which pass to the 
second, third, and fourth toes. 

The Lumbricales are four small muscles, accessory to the tendons of the 
Flexor digitorum longus, and numbered from the medial side of the foot ; they 
arise from these tendons, as far back as their angles of separation, each springing 
from two tendons, except the first, which arises only from the medial border of 
thS first tendon, of the Flexor digitorum longus. The muscles end in tendons, 
which pass forwards on the medial sides of the four lesser toes, and are inserted 
into the expansions of the tendons of the Extensor digitorum longus on the 
dorsal surfaces of tho first phalanges. 


Third Layer (fig. 585) 

Flexor hallucis brevis. Adductor Ijallucis. 

Flexor digiti quinti brevis. 

The Flexor hallucis brevis arises by a pointed tendinous process from 
the medial part of tlie under surface of the cuboid bone, the contiguous portion 
of the third cuneiform bone, and the prolongation of the tendon of the Tibialis 
posterior which is attached to that bone. It divides into two portions, and 
the tendons of these are inserted into the medial and lateral sides of the base 
of tho first phalanx of the great toe, a sesamoid bone being present in each 
tendon at its insertion. The in^ial portion is blended with the Abductor 
hallucis previous to its insertion i the lateral with the Adductor hallucis ; tho 
tendon of the Flexor hallucis longue lies in a groove between them ; tho lateral 
portion is sometimes described as the first j^riiar interosseous muscle. 

The Adductor halllKis arises by two heads— oblijiue and transverse. 
The Migpie hea4 springs from the bases of the second, third, and fourth meto-^ 
tarsal boneB> and the of the tendon of the Peronoeus longus, and is 

lateral portion of the Flexor hallucis brevis, into 
thebaso the first phalanx of the great toe. The tmnsv^ae 
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The Flexor digiti quinti brevis arises from^the base of the fifth meta- 
tarsal bone, and the sheath of the Peronseus longas ; its tendon is inserted into 
the lateral side of the base of the first phalanx of the fifth toe. Occasionally 
a few of the deeper iibres are inserted into the lateral part of the distal half ot 
the fifth metatarsal bone ; these are described by some as a distinct muscle, 
the Opponens digiti quiniL 

Foiirth Layer. 

Interossei. 

The Ipterossei in the foot are similar to those in the hand, but are grou]^ed 
611^ either side of the middle line of the second digit, instead of that of the 
They consist of a dorsal and a plantar set. 
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The Interossei dorsales (fig. 586), four in number, are situated between 
the metatarsal bones. I'hey are bipennatc muscles, (^ach arising by two 
heads from the adjacent sides of the metatarsal bones between w^hich it is 
placed ; their tendons are inserted into the bases of the first phalanges, and 
into the aponeuroses of the tendons of the Extensor digitornm longiis. The 
first is inserted into the medial side of the second toe ; the other three into 
the lateral sides of the second, third, and fourth toes. In the angular interval 
between the heads of ea<*h of the three lateral muscles, one of the per- 
forating arteries passes to the dorsum of the foot ; through 1 he space betw een 
the heads of the first muscle the deep plantar branch of the dorsalis pedis 
artery enters the solo of the foot. 


Fro. 586. — The Interossei dorsales. 
Left foot. 


Fig. 587. — Thn InterussoL 
Left foot. 



The Interossei plantares (fig. 587), thi*cc in number, lie beneath ratlier 
than betw^een the metatarsal bones, and each is connected with but one meta- 
tarsal bone. They arise from the bases and medial sides of the bodies of the 
third, fourth, and fifth metatarsal bones, and are inserted into the medial sides 
of the bases of the first phalanges of the same toes, and into the aponeuroses of 
the tendons of the Extensor digitornm loiigus. 

Nerves. — The Flexor digitoruin brevis, tlu* Flexor liullucis brevis, the Abductor 
hallucis, and the first Lumbricalis are supplied by tlio medial planiiXT nerve ; all the 
other muscles in the sole of tiie foot by the lateral plantar. The first Intcrosseus 
dorsalis frequently receives an extra filament frofii the medial branch of the dee]> 
pcronaeal nerve on the dorsum of the foot, and the .second [jiterosseus dorsalis a 
twdg from the lateral branch of the same nerve. 

Actions. — The plantar muscles of the foot act upon the toes, and may be grouped 
as abductors, adductors, flexors, and extensors. The abductors are the Interossei 
dorsales, the Abductor hallucis, and the Abductor digiti (j[uinti. The Interossei 
dorsales are abductors from an imaginary line passing through the axis of the 
second toe, so that the first muscle draws the second toe medial w^ards, the second 
muscle draws the same too lateral wards, and the third and fourth draw the third 
and fourth toes lateralwards. like the Interossei in the hand, they assist in* 
flexing the first and extending the second and third phalanges. The Abductor 
hallucis abducts the great toe from the second, and also flexes its proximal phalanx. 
In the same way the action of the Abductor digiti quiuti is twofold, as an abductor 
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Kig. 58ft.~J.’,neture of tlio nock of the femur u ithiu the articular c 


capsule. 



nVV^vi™^ 'the Httirto^fr?. 

downwards and mediahvards Tlin Tn diaws its metatarsal bone 

the hand, assist ‘’"■responding muscles in 

the tendonrof the EXii di^Zr' ^7 their insUons into 

middle and texUnal purges “««"><’ “ e^e»ding the 

action of the various muscle* in'fwturM ^/tlm*i^Z* ’/t®h effects produced by the 

characteristic signs are slighttiorttnine of the Kmh*®' (fig. 6881, tho 

which may appear until some time after^ho im* eversion of the foot, neither of 

of the limb rotating it outwards The eversion is caused by the weight 

m<«oles about the ^int shortening is produced by the contraction of aU the 

tiltS Swa'^Valmol/lTrigC^^^^^^^^ "PP®' « ' 

and, at the same time, ev^t^ mI dLZ uZ,?i ^ T’ Jj? 

Glutei, causing a marked promin^oe at the unn^Lj^i *J*® ^raal rotator muscles and 
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fracture may be reduced by relaxation of all the 
hmb should be put up with the thigh flexed on the 


muscles involved, to effect which the 
pelvis and the leg on the thigh. 


Fjg. 589, — Fracture of the femur 
below the trochanters. 


Fig. .991.— Fracture of the patella. 



Oblique fracture of titehmur immediately above the condyles (fig. 590) is a formidable 
injury) and attend^ with considerable displacement. On exannuation of the limb. 
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the lower fragment may be felt deep in the popliteal fossa, being drawn backwards by 
the Gastrocnemius, and upwards by the hamstrings and Rectus femoris. The pointed 
end of the upper fragment is drawn medialwards by the Pectincus and Adductors, and 
tilted forwards by the Psoas major and Iliacus, piercing the Rectus, and occasionally the 
integument. Relaxation of these muscles, and ^direct approximation of the broken 
fragments, are effected by traction with the limb fully flexed. The greatest care is 
requisite in keeping the pointed extremity of the upper fragment in proper position; 
other wi6*<^after union of the fracture, the po\ver of extension of the limb is partially 
destroyed, the Rectus fernoris being held down by the fractured end of the bone. 

In transverse fracture of the patella (fig. 691) the fragments are separated by the 
action of the Quadriceps femoris and by the effusion which takes placo into the joint; 
the extent of separation of the two fragments depending upon the degree of laceration or 
tho ligamentous structures around the bone. • 

Obliquc3 fracture of the body of the tibia (fig. 592). If the fracture takes placo 
obliquely from above, downwards and forwards, the fragments ride over one another, the 
low’^er fragment being drawn backwards and upwards by the powerful action of the 
muscles of the calf; the pointed extremity of the upper fragment projects forwards 
immediately beneath the integument, often protruding through it, and rendering tho 
fracture compound. If the direction of the fracture is the reverse of that shown in the 
figure, the pointed extremity of the lower fragment projects forwards, rising up on the 
lower end of the upper one. By bending the knee, which relaxes the opposing muscles, 
and making extension from the ankle and counter-extension at the knee, the fragments 
may be brought into apposition. It is sometimes necessary, however, in compound 
fracture to remove a portion of tlio projecting bone with the saw before complete adapta- 
tion can be effected. 

fracture of the fibula with dislocation of the foot lateralwards^ commonly known as 
‘ Pott’s fracture,’ is one of tho most frequent injuries in tlie region of the ankle-joint. 
Tho fibula is fractured about 7 or 8 cm. above the ankle; in addition to this tho medial 
malleolus is broken off, or the deltoid ligament torn through, and the talus displaced from 
the corresponding surface of the tibia. The foot is markedly everted, and the sharp edge 
of the upper end of the fractured malleolus presses strongly against the skin; at the same 
time, the heel is <lrawu up by the muscles of the calf. This injury can generally bo 
reduced by flexing tho leg at right angles with the thigh, which relaxes all tho opposing 
muscles, and by making extension from the ankle and counter-extension at the knee. 
There is later a great tendency for tho foot to fall backwards at the ankle-joint, and 
constant supervision is required to counteract this. 
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rpHE vascular system is divided for descriptive purposes into (a) the blood 
A vascular system^ comprising the heart and blood-vessels through which 
the blood difculates ; * and (6) lyniph' vascular system, consisting of lymph 
glands and lymphatic vessels^ through which a colourless fluid, the lymph, 
circulates. The two systems communicate with each other and are intimately 
associated developmentaUy. 

The heart, the central organ of the blood vascular system, is a hollow 
muscle ; by its contraction the blood is pumped to all parts of the body through 
a complicated scries of tubes, termed arteries. The aiteries undergo enormous 
ramification in their course throughout the body, and end in minute vessels, 
called arterioles, which open into a close-meshed network of microscopic vessels, 
termed capillaries. After the blood has passed through the capillaries it is 
collected into a series of vessels, called veins ; these unite with one another, 
and ultimately two large veins, named the superior and inferior venao cavas, are 
formed which return the blood to the heart. The passage of the blood through 
the heart and blood-vessels is termed the circulation of the blood, of which the 
following is an outline. 

The heart is divided into right and left halves, and each half is subdivided 
into two cavities, an atidum and a ventricle, Avhich communicate freely with 
one another ; the atria are receiving chambers and the ventricles distributing 
ones. The right atrium and right ventricle fonn the right half, and the loft 
atrium and left ventricle the left half of the heart ; the right half contains 
venous or impure blood ; the left, arterial or pure blood. From the cavity 
of the left ventricle the pure blood is earned into a large artery, the aorta, 
through the numerous branches of which it is distributed to all j)art3 of the 
body, with the exception of the lungs. As the blood traverses the capillaries 
of the body it gives up to the tissues the materials necessary for their growth 
and nourishment, and receivi3s from the tissues the waste products resulting 
froiti their metabolism. In doing so it is changed from arterial into venous 
blood, which is collected by the veins and returned by them to the right atrium 
of the heart. From this cavity the venous blood i^asses into the light ventricle, 
and from it is conveyed though the pulmonary arteries to the lungs, 
where it becomes arteriaUsed, and is carried thence to the left atrium by the 
pulmonary veins. From the left atrium it passes into the left ventricle, from 
which the cycle once more begins. 

The course of the blood from the left ventricle through the body generally 
to the right side of the heart constitutes the greater or systemic ckoulation, 
while its passage from the right ventricle through the lungs to the left side 
of the he^ is termed the lesser or pulmomry. circulation. 

It is 'necessary, however, to state that the blood which circulates through 
the spleen, pancreas, stomach, small intestine, and the greater part of the 
large intestine is not returned directly from those organs to the heart, but is 
conveyed by the portal vein to the liver. In the liver this vein divides like 
an artery, and ultimately ends in qapillary-like vessels (^uagids), from which 
the rootlets of the hepatic veins arise ; the hepatic veins carry the blood into 
lAie inferior, vena cava, whence jit is conveyed to the right atrium. From this 
it will be understood that the bipod suppli^ to the above-named viscera passes 
^..’through two sets of vessels befPre reaching the inferior vena cava : (1) the 

iefloril^ on pp. 26 to 29. 
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capillaries in the spleen, pancreas, stomach, Ac.,, draining into the portal vein 
and (2) the sinusoids in the liver, draining into the hepatic veins. 

Stouctnre of arteries (iig. 593). — The wall of an artery consists of three coats, 
an internal or tunica intima, a middle or tunica media^ and an external or tunica 
adventitia. The external coat is tougher than the other two, which are ruptured 
when a.Jtirature is tied round the vessel, and, in virtue of their elasticity, become 
retracted irom the site of the ligature. 

The tunica intima consists of (a) an internal layer of flattened cells, (5), beneath 
these, a small quantity of loose connective tissue, and (c) an elastic lamina. The 
flattened or endothelial cells are fusiform in shape with the long axis of each in 
the long axis of the blood-vessel. Each cell possesses a nucleus, and is attached to 
adjacent cells by cement-substance which reduces silver nitrate. The connective 

tissue layer is very thin, and contains 
branched cells, and, in the larger arteries, 
fine elastic fibres. The elastic lamina is 
built up of longitudinally arranged elastic 
fibres fused together, and is usually 
fenestrated, having round or oval aper- 
tures at irregular intervals. In a trans- 
verse section of an artery it appears as a 
characteristic wavy line, owing to the 
contracted condition of the empty vessel. 

The tunica media, in the smaller and 
medium-sized arteries, consists principally 
of smooth muscular fibres arranged circu- 
larly round the vessel ; the fibres have 
well-marked, rod-shaped nuclei. In the 
smallest arteries the middle coat is entirely 
composed of smooth muscular fibres (fig. 
594). In medium-sized arteries (fig. 595) 
there are in addition elastic fibres and 
fine elastic membranes lying between the 
layers of muscular fibres. In the larger 
arteries, as the iliac and carotid, the 
proportion of clastic tissue is greatly 
increased, and in the aorta relatively 
thick elastic laraince form the greater 
part of the thickness of the middle coat. 

The tunica adventitia consists mainly 
of fine and closely felted bundles of white 
connective tissue ; in all but the smallest 
arteries it contains some elastic fibres. 
The elastic tissue is ' most abundant 
next the tunica media, and it is sometimes 
described as forming here, between the 
adventitia and media, a special layer, the 
tunica elastica externa of Henle ; this layer 
is most marked in arteries of medium 
size. In the largest vessels the external 
coat is relatively thin, but in small 
arteries it is of greater proportionate thickness. In the smaller arteries it consists of 
a single layer of white connective tissue and elastic fibres ; in the smallest arteries 
the elastic fibres arc wanting, and the connective tissue, of which the coat is com- ^ 
posed, becomes more homogeneous the nearer it approaches the capiUaiieB, and 
is gradually reduced to a thin membranous envelope, which finally disappears. 

Some arteries have extremely thin walls in proportion to their size ; this is 
especially the case in those situated within the cranium and vertebral canal, and 
depends on the thinness of the external and middle coats. 

The arteries, in their distribution throughout the body, are enclosed in tWn 
fibro-areolar investments, which form their sheaths. The vessel is loosely connected 
with its sheath by delicate areolar tissue ; and the sheath usually encloses the 
accompanying veins, and sometimes a nerve. Some arteries, as those in the cranium, 
are devoid of sheaths. 


Fig. 593. — Transverse section through a 
small artery and vein of the mucous 
membrane of the epiglottis of a child. 
x350. (Klein and Noble Smith.) 



A. Artery. showinfS the nucleated endothelium, e, 
which liuets it : the vessel beiug contracted, the 
endothelial cells appear very thick. Outside the 
endothelium is the wavy elastic lamina. Tlio 
chief part of the wall of the vessel is occupied 
by the circular muscular coat m : the rod-shaped 
nuclei of the musclc-cells are well scon ; a, part 
of the adventitia which gradually merges into the 
surroundlDg connective tissue. V. Vein showing 
a thin endothelial membrane, e, raised acciden- 
tally from the intima, which on account of its 
delicacy is seen as a mere line on the media m. 
This latter is composed of a few smooth muscle- 
cells. a. The adventitia, similar in structure to 
that of on artery. 
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Pio. 694. — Small artery and vein, from 
pia mater of sheep. x260. 


The larger arteries are supplied with blood-vessels. These nutrient vessels, 
called the vasa vascrum^ arise from branches of the artery itself, or of a neighbouring 
vessel, at some considerable distance from 
the points at which the}^ are distributed ; 
they ramify in the loose areolar tissue 
connecting the artery with its sheath, and 
are distributed to the external coat ; in 
man they do not penetrate the other coats ; 
but in some of the larger mammals a 
few vessels have been traced into the 
middle coat. Minute veins return the 
blood from these vessels ; they empty 
themselves into the vein or veins accom- 
pan3nng the artery. Lymphatic vessels 
are also present in the outer coat. 

Arteries are also supplied with nerves, 
which form intricate plexuses upon the 
surfaces of the larger trunks, and run 
along the smaller arteries as single 
filaments, or bundles of filaments. Most 
of ihe nerve-fibres are non-medullated, 
and are derived from the sympathetic 
system, but some are medullated. The 
non-medullated fibres are, for the most 
part, efferent, and have their terminations 
in the middle coat. The medullated 
fibres are believed to be afferent and are distributed to the outer and inner coats. 
Pacinian corpuscles are occasionally found in the outer coat of the aorta. 

Fig. 595. — Transverse section of femoral artery of dog. x250. 
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The oai^IIaiiM.— 'Tbe soialler arterial branches, (es^pting those of the cavemons 
structure of the sexual organs, of the splenic pulp, and of the placenta) subdivide. 
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giving rise to minute vessels termed capiUaries. These are interposed between 
the smallest branches of the arteries and the ccunmencing veins, constituting a 
network, the blanches of which maintain the same diameter throughout ; the 
meshes of the network are more uniform in shape and size than those iormed by 
the anastopioses of the small arteries and veins. 

The ^me^ters of the capillaries vary in the different tissues of the body, the 
usual size being about 8 /x. The smallest are those of the brain and the mucous 
membrane of the intestines ; and the largest those of the skin and the marrow 
of bone, where they are stated to be as large as 20 ft in diameter. 

The form of the capillary net varies in the different tissues, the meshes being 
generally rounded or elongated. Bounded meshes are most common, and prevail 
where there is a dense network, as in the lungs, in most glands and mucous mem- 
branes, and in the cutis ; the meshes are not of an absolutely circular outline, 
but more or less angular. Elongated meshes are observed in the muscles and 
nerves, the meshes resembling parallelograms in form, the long axis of the mesh 
running parallel with the long axis of the muscle or nerve. Sometimes the capillaries 
have a looped arrangement ; a single vessel projecting from the common network 
and returning after forming one or more loops, as in the papillss of the tongue and 
skin. 

The number of the capillaries and the size of the meshes determine the degree 
of vascularity of a part ; the closest network and the smallest interspaces are found 
in the lungs and in the chorioid coat of the eye. As a general rule, the more active 
the function of the organ, the closer is its capillary net and the larger its supply 
of blood. Blood-vessels arc few in number in tendons, in which very little organic 
change occurs after their formation. 

S&ucture. — The wall of a capillary consists of flattened cells joined edge to 
edge by cement-substance, and: continuous with the endothelial cells which line 

the arteries and veins. When stained with 
Fig. 596.— Capillaries from the nitrate of silver the edges which bound the epithelial 
mesentery of a guinea-pig, cells are brought into view (fig. 596). These 
after treatment with solution cells are of large size and of an irregular polygonal 
of nitrate of silver. oy lanceolate shape, each containing an oval 

nucleus which may be displayed by carmine or 
hsBmatoxylin. Between their edges, at various 
points of their meeting, roundish dark spots are 
sometimes seen, which have been described as 
stomata, though they arc closed by intercellular 
substance. By some they are believed to be 
the situations through which the colourless cor- 
puscles of the blood, when migrating from the 
blood-vessels, emerge ; but this view is not 
universally accepted. 

In developing capillaries, and in the capillaries 
of the glomeruli of the kidneys, the intestinal villi, 
and the chorioid coat of the eye, intercellular 
cement cannot be demonstrated, and the cells 
are believed to form a syncytium. 

In mapy situations a delicate sheath or enveloj^ 
of branched nucleated connective tissue cells is 
found around the simple capillary tube, paiticulariy 
the larger ones ; and in other places, especiaUy 
in the glands, the capillaries ars invested wit/h 
a. Cells, b. Their nuclei. retiform connective tissue. 

V Sinusoids.— In the heart, the liver, the supra* 

renal and parathyreoid glands, the glomera caiotica and glomus coccygeum, the 
smallest blood-vessels present various differences from true capilla^. , They are 
wider, with an irregular lumen, and have no connective tissue covering, their endo- 
thelial cells being in direct contact with the cells of the organ. Moreover, they 
are either arterial or venous and not intermediate as are the true capillaries. These 
vessels have been called sinusoids by Minot. They are fotmM by ooliunns of 
cells or trabeculee pushing their way into a large blood-v^el or bldod^pace and 
carrying its endothelium Wore them ; at the same wall ol ti^A^vesael or 

space grows out between the cdl oolumi^ ' ^ 
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Stmotiire af veios. — The w$lis of the veins, like those of the arteries, are composed 
of three coats<'-intemal, middle, and external ; and these are, with the necessary 
modifications, analogous to the coats of the arteries ; the* internal being the endo- 
thelial, the middle the muscular, and the external the connective tissue or areolar 
(fig. 693). The main difference between the veins and the arteries is in the com- 
parative weakness of the middle coht in the former. 

In the smallest veins the three coats are hardly to be distinguished (fig. 594). 
The endothelium is supported on a membrane separable into two layers, the 
outer of which is the thicker, and consists of a delicate, nucleated membrane (tunica 
adventitia), while the inner is composed of a network of longitudinal elastic fibres 
(tunica media). In the veins next above these in size (0*4 mm. in diameter), a 
connective tissue layer containing numerous smooth muscular fibres circularly 
disposed can be traced, forming the middle coat, while the elastic and connective 
tissue elements of the outer coat are more distinctly perceptible. In the middle- 
sized veins (fig. 697) the typical structure of these vessels becomes clear. The 
endothelium is of the same character as in the arteries, but its cells are shorter and 


Fio. 697. — Transverse section of femoral vein of dog. x260. (Vein accompanying 
artery shown in fig. 595.) Elastic tissue is not differentiated in this preparation. 



broader. It is supported by a connective tissue layer, consisting of a delicate net- 
work of branched cells, and external to this is a layer of elastic fibres disposed 
in the form of a network in place of the definite fenestrated membrane seen in 
arteries. This constitutes the tunica intima. The tunica media is composed of 
a thick layer of connective tissue with elastic fibres, intermixed, in some veins, 
with a layer of smooth muscular fibres arranged circularly. The white fibres are 
in considerable excess, and the elastic fibres are in much smaller proportion in 
the veins than in the arteries. The tunica adventitia consists, as in the arteries, 
of areolar tissue, with longitudinal elastic fibres. In the largest veins it is from 
two to five times thicker than the tunica media, and contains a large number of 
longitudinal muscular fibres. These are most distinct in the inferior vena cava, 
especially at the termination of this vein in the heart, in the trunks of the hepatic 
veins^ in dl the lai^ge trunks of the portal vein, and in the external iliac, renal, and 
ai^gos veins- In the inferior vena cava, renal and poital veiiw they extend through 
the whole thickness of the outer coat, but in the other veins mentioned a layer 
of connective and elastic tissue is found external to the muscular fibres. The 
large veins which open into the heart are covered for a short distance with a layer 
of striped muscular tissue continued on to them from the heart. Muscular tissue 
is wanting — (1) in the veins of the'matemal part of the placenta ; (2) in the venous 
sinuses of the dura mater and the veins of the pia mater ; (3) in the veins of the 
retina the veins, of the apongy substance of bones ; (6) in the veno^ spaces 

ol\the ebrpom Oavemosa. ve™ of the above-mentioned, parts consist of an 
endothelial lirdng su|iporied on one or more layers of areolar tisstie. 
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Most veins are provided with valves which serve to^ prevent the reflux of the 
blood. Each valve is formed by a reduplication of the inner coat, strengthened 
by connective tissue and elastic fibres, and is covered on both surfaces by endo- 
thelium, tl^ arrangement of which differs on the two surfaces. On the surface 
of the yaly^ext the wall of the vein, the cells are arranged transversely ; while 
on the oth^ surface, over which the current of blood flows, the cells are arranged 
longitudinally in the direction of the current. Most commonly two such valves 
are found placed opposite one another, more especially in the smaller veins or 
in the larger trunks at the point where they are joined by smaller branches ; occa- 
sionally there are three and sometimes only one. The valves are semilunar. They 
are attached by their convex edges to the wall of the vein ; the concave margins 
are free, directed in the course of the venous current, and lie in close apposition 
with the wall of the vein as long as the current of blood takes its natural course ; 
if, however, any regurgitation takes place, the valves become distended, their 
opposed edges are brought into contact, and the current is interrupted. The 
wadi of the vein on the cardiac side of the attachment of each valve is expanded 
into a pouch or sinus, which gives to the vessel, when injected or distended with 
blood, a knotted appearance. The vadves are very numerous in the veins of the 
extremities, especiadly in the veins of the lower extremities, these vessels having 
to conduct the blood against the force of gravity. They are absenj in the very 
small veins, i.e. those less than 2 mm. in diameter, also in the ventn cs,yae, hepatic, 
renal, u.jterine, g,nd ovarian veins. A few valves arc found in each testicular vein, 
and one also at its point of junction wi£h the renal vein or inferior vena cava respec- 
tively. The cerebral and spinal veins, the veins of the cancellated tissue of bone, 
the pulmonary veins, and the umbilicaJL vein and its branches, are destitute of 
valves. A few valves are o(icasionaliy found in the azygos and intercostal veins. 
Valves are present in the iributaries of the portel vein in the foetus and for a short 
time after birth ; as a rule they soon atrf»phy and disappear, but sometimes they 
persist in a degenerate form. 

The veins, like the arlcries, are supplied with nutricuit vessels, vasa vasoruu. 
Nerves also are distribut J to them in the samt maimer as to the arteries, but in 
much less abundance. 


The Thoracic Cavity 

The hear j .nd lungs arc situated in the thorax, the walls of which afford 
them protection, '’^h heart lies bctw'een the two lungs, and is enclosed within 
a fibrous bag, the pericardium, while each lung is invested by a serous mem- 
brane, the ^eura. The skeleton of the thorax, and the shape and boundaries 
of the cavity, have already been described (p. 190). 

The cavity of the thorax. — ^The capacity of the thoracic cavity does 
not correspond with its apparent size externally,* because (1) the space enclosed 
by the lower ribs is occupied by some of the abdominal viscera ; and (^) the 
cavity extends for a short distance into the neck above the anterior parts 
of the first ribs. The size of the thoracic cavity is constantly varying during 
life with the movements of the ribs and Diaphragm, and with the degree of 
distention of the abdominal viscera. 

The upp^ opening of the thorax. — ^The parts which pass through the 
/upper opening of the thorax are, from before backwards in or near the middle 
line, the Stemohyoideus and Stemothyreoideus muscles, the rezaains of the 
thymus, the inferior thyreoid veins, the trachea, oesophagus, thoracic duct, 
and the Longus colli muscles ; laterally the innominate veins, the innominate 
artery, the left comifion carotid and left subclavian arteries, the internal 
mammary arteries and the costocervical trunks, the vagus, ciirdiac, phrenic, 
and sympathetic nerves, the greater parts of tfie anterior divisions of the first 
thoracic nerves, and the^left recurrent nerve. The apex of each lung, covered 
by the pleura, also projects through this aperture, a little above the level 
of the sternal end of the first rib. 

The lower opening of the thorax is wider transversely than from ^ore 
backwards. It slopes obliquely downwards and backwards, so tjiat the 
thmraoic cavity is much deeper behind than in front. The IHaj^rag^ (see 
p. 462) closes t^ pining and forms the floor of the^thorax. is 

flatter at the ^an at the bides, and higher on the right ^de thahiii^ the 
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loft ; in the dead Jbpdy th^ right side reaches the level of the upper border 
of the, fijfth costal cartilage, Avhile the left extends only to the corresponding 
pait of the sixth costal cartilage. From the highest point on either side«tbe 
floor slopes suddenly downwards to the costal and vertebral attachments 
of the Ihaphragm ; this slope is more marked behind than in front, so. that 
only a narrow space is left betw'^n the Diaphragm and the posterior wall 
of the thorax, 


The Pebicardium 

The pericardium (flg. 598) is a conical flbroscroiis sac, in which the heart 
and the roots of the great vessels are contained. It is plac^ in the mediastinal 
cavity, behind the sternum and the cartilages of the third, fourth, fifth, sixth, 
and seventh ribs of J)he left side, and in front of the thoracic vertebrte, from the 
fifth to the eighth inclusive. 

In front, it is separated from the anterior wall of the thorax, in the greater 
part of its extent, by the lungs and pleurae ; but a small area,, somewhat variable 
in size, and usually corresponding with the left half of the lower part of the 
body of the sternum, and the sternal ends of the cartilages of the fourth and 
fifth ribs of the left side, comes into direct relationslnp witli the chest-wall. 
Until puberty or adolescence the lower end of the thymus is in contact with 
the front of the upper part of the pericardium. Behind, the pericardium 
rests upon the bronchi, the oesophagus, the descending thoracic aorta, and 
the posterior part of the mediastinal surface of each lung. Laterally, it is 
covered by the pleurae, and is in rr’ition with the mediastinal surfaces of 
the lungs ; the* phrenic nervij, wil l its acxojnpanymg vessels, descends between 
the ppricardiurn and pleura on dtb ir M*:, 

Structure of the pericardium * 'hough the pericardium is usually 
described as a single sac, an exanouation ... its structure shows that it consists 
cbfentially of two sacs mtimately »nijected with one another, out totally 
different in structure. The outer sar km ^ as fibrous 'pericardium, consists 
of fibrous tissue. The inner sac, or serrjv^y uericfirdium, is a delicate membrane 
which lies ^vithin the fibrous sac and lines its walls ; it is composed of a single 
layer of flattened cells resting on loose connective tissu. . The heart in^ aginates 
the wall of the serous sac from above and behind, and practically ob**'^''rates 
its cavity, the space being a pQtential one. 

The fibrous pericardium forms a flask-shaped bag, the m/*K which is 
closed by its continuity with the external coats of the /esseis, while its 

base is attached to the central tendon and to the muscular fibres f the left 
half of the Diaphragm, cin some of the lower mammals the base is either 
completely separated from the Diaphragm or joined to it by some loose areolar 
tissue ; in man much of its diaphragmatic attachment consists of loose flbrous 
tissue .xWhioh can be readily broken down, but over a small area the central 
tendon of the Diaphragm and the pericardium are fused^ Above, the fibrous 
pericardium not only blends with, the external coats of the groat vessels, but 
is jcontinupus with the pretracheal layer of the deep cervical fascia. By means 
of these upper and lower connexions it is securely anchored within the thoracic 
cavity^ It is also attached to the posterior surface of the sternum by the 
superior and inferior sternoperiiMrdied ligaments ; the superior jiassing to the 
manu1>iium, and the inferior to the xiphojd proces^s. 

The vessels receiving prolongations from the fibroUs pericardium are ; 
the aorta, the superior vena eftya^ the right wd left pulmonary arteries, and 
the four pulmonary veins. The inferior veim cava enters the pericardium 
through the central tendon, of the Diaphragm, and receives no covering from 




662 


ANGI0L06Y 


tube, the the attachment oif which to the parietal layer 

K ents the shape of an inverted U. The cul-de-sac enclosed between the 
s of the n lies behind the left atrium and is known as the 
wliile the passage between the venous and arterial -mesocardia — ^i,e, between 
the aoliib^and pulmonary artery in front aij^ behind — ^isr termed the 

transverse sinus. 

Fig, 598. — ^Posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on the great vessels. « 


Bight common carotid artery 

Right subclavian artery Tjcft common carotid artery 



The ligament of the left vena cava.— Between the pulmonaiy, arteiy 
atoid subjacent pulmonary vein is a triangular Ibid of the serous n^Jt^um, 
known as the ligqment eg the left vena cava (vastj l j p^ fol d ol is 

formed by the duplicaturo of the serous layer over the' r etniiaSE ^rf jttiie lower 
part of the left superior vena cava (dugj/,^.ih 3 fV|ery. This teiiii h^mes 
pyiterated during foetal life, and remains ' m a dbjrous band siratohhrgj^in.the 
supoiar intercostal vein to the l^t atriuihi where it is C(n^tt6tlsi.W^ 
a small vein, Uie vein ofihe left atrium (oblique vein irhioh x^tens 

mip the coronary sinus. ■ 

I ' Tin arteries of the p^atdinm ate ^emed from the .inter^ 

0 thc^'nxvsculophrenie^'lnaitchgs,. an^ b<m. the -4t8 

. iiems ate derived the vi^i^d phr^ n^es,’^ ‘ ' 
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Applied Anatomy , — KfEusiou of floid into the penc&rdial sac ofteil occurs in acute* 
rheumatism or pneumonia y or in patients with chronic vascular and renal disease* embar- 
rassing the heart’s action and giving rise to signs of cardiac distress, such as pallor, a 
rapid and feeble pulse, dyspnoea, and restlessness. On examination, the apical cardiac 
impulse is absent, or replaced by a more extensive indefinite and wavering pulsation ; it 
may appear to be ii;i the second, third, or fourth left space, and Is then not an apex- 
irn pulse, as Potain has stated, but due to the impact of some portion of the heart- waU 
nearer its base. In children the precordial intercostal spaces may bulge outwards. The 
most striking sign, however, is the great increase in all directions of the prccordial dulness 
on percussion. This becomes pear-shaped, the stalk of the pear reaching up to about the 
left stemoclavioular articulation ; the dulness also extends some distance to the right of 
the sternum, particularly in the fifth interspace (Botch). The fiuid collects mainly on 
either side of the heart, and below it, especially on the left side, where the Diaphragm can 
yield more readily to pressure than it can on the right. Ewart has drawn attention to the 
presence of a square patch of dulness over the base of the left lung behind, reaching up to 
the level of the ninth or tenth rib, and extending laterally as far as the inferior angle of the 
, scapula ; the underlying lung-tissue gives the physical signs of compression or collapse. 

Paracentesis of the pericardium and withdrawal of the fluid or pus within it, in cases 
of rheumatic fever or pneumonia, is sometimes necessary to relieve embarrassment of 
the heart’s action. The pimctiirc may be made in the fifth or sixth left intercostal space 
near the sternum, with care to avoid woimding the internal mammary artery that usually 
runs 1*25 cm. lateral to the sternal edge. Alternatively the exploring needle may be 
entered at the left costoxiphoid angle, and passed upw*^ards and backwards into the peri- 
cardial sac. Curschmann * recommends paracentesis iu or lateral to the left mamillary 
lino in the fifth or sixth left interspace, in view of the fact that the fluid tends to collect on 
either &ide of and below the heart rather than in front of it. 

Pericardiotomy is required when the effusion is of a purulent nature. In this opera- 
tion a portion of the fifth or sixth costal cartilage is excised. An incision is made alopg 
the left border of the sternum from the upper border of the fourth cartilage to the seventh. 
The fifth costal cartilage is now separated fro^n the sternum and raised, the tissues 
beneath it being peeled off, so as to avoid wounding the intenial mammary artery or the 
pleura. The fibres of the Transversus thoracis ure then separated close to the sternum, 
and the porickedium felt for and opened, the finger guarding the pleura and left internal 
mammary artery. 


The Heakt (Coe) 

The heart is a hollow muscular organ of a somewhat conical form ; it 
lies between the lungs in the middle mediastinum and is enclosed in the peri- 
cardium (fig. 699). It is placed obliquely in the chest behind the body of 
the sternum and adjoining parts of the rib cartilages, and projects farther 
into the left than into the right half of the thoracic cavity, so that about one- 
third of it is situated on the right and two-thirds on the left of the median 
plane. 

Size* — ^The heart of the adult measures about om. from base to apex, 

8 to transversely at the broadest part, and g cm- antcr(mosteriorly. Its 
weightTm the m^e, varies from 280 to 340 grammes ; in the female, from 230 
l]t continues to increase in weight and size up to an advanced 
period ol life : ^ increase is more markcxl in men than in women. 

Component, parts.— As already stated (p. 646), the heart is divided into 
four chambers, viz. right and left atria, and right and left ventricles, the division 
being . indicated on the surface of the heart by grooves or sulci. The atria 
are separated from the ventricles by the coronary sulcus (auriculoventricular 
groove) ; this contains the trunks of the coronary vessels of the heart, and 
id dc^oiont in front, where it is crossed by the root of the pulmonary artery. 
The interatfiat grdove^ separating the two atria, is scarcely marked on the 
posterior s^ace, while ant^orly it is hidden by the pulmonary artery and 
aorta. . The ventricles are.i^parated by two grooves, one of which, the mierior 
langii^inal sul(niSf is situated on the sternocostal surface of the heart, near 
itdlefr margin, the other, ih&ptMerior longitudinal miens y on the diaphragmatic 
surfrixse near the right, mar^; these grooves extend from the base of " the 
ventricular poHion to a notdh, the on the. acute margin 

of the heart jiist to the right of the apex. 

Tbe>.&a^e 600) looks nptretdb, backwards, and to the right, ; 

eighth ^raeic 
dn«t. imaed mainly 
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the left atrium, and, to a small extent, by the back part of the right atrium. 
Somewhat quadrilateral in form, it is in relation abov e with the bifujqati.on 
of the pulmonary artery, and is bounded bglpw by the posterior part of the 
coronary sulcus, containing the coronary sinus. On the right it is limited by 
the sulcus;"5[^inalis of the right atrium, and on the left by the ligament of the 
left vena cava and the oblique vein of the left atrium. The four pulmonary 
veins, two on either side, open into the left atrium, whilst the superior vena 
cava opens into the upper part, and the inferior vena cava into the lower part, 
of tho right atrium. 

The apex is directed downwards, forwards, and to the left, and is overlapped 
by the left lung and pleura : it lies behind the fifth left intercostal space, 


Fig. 699. — Front view of the heart and lungs. 



8 to 9 cin- from tho mid-sternal line, or, in the male, about 4,cija. below and 
2 cm. to the medial side of the left mammary papilla. 

The sternocostal surface (fig. 001) is directed forwards, upwards,, and to 
the left. Its lower part, formed chiefly by the right ventricle, is convex, and 
is traversed near its left margin by the anterior longitudinal sulcus. Its upper 
part, formed by the atria, is separated from the lower by the corbnary sulcus ; 
it presents a deep concavity (fig. 603) which is occupied by the ascending aorta 
and tho pulmonary artery. 

The diaphragmatic surface (fig. 600), directed downwards and slightly 
backwards, is formed by the ventricles (chiefly by tho left ventricle), and rests 
upon the central tendon and a small part of tho left muscular portion of the 
Diaphragm. It is separated from the base by the psoterior part of the coronc^ 
snl^, and is traversed obliquely by the posterior longitudinal sulcus. 

: /, The right margin of the heart, formed by the right atrium, is rounded and 
almost vertical ; it is situated behind the third, fourth- 
cartilfi^ about l *^ cm. frpm ||3^|ria?gjin^6f the s^ruuQ^ . . 
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The inferior or acrUe margin^ formed by the right ventricle, is nearly hori- 
^zontal, ahd^ extends from the sternal end of the sixth right costal cartilage 
to the apex of the heart. 

The left or obtuse murgin is full and rounded ; it is formed mainly by the 
left ventricle, but to a slight extent, above, by the left atrium. It extends 
from a point in the second left intercostal space, about 2 ’5 cm. from the sternal 
margin, obliquely downwards, with a convexity to the left, to the apex of 
the heart. 

The Tight atrium is larger than the left, but its wall^ are somewhat thinner, 
measuring about ; its cavity is capable of containing about of 

blood. It consists of two parts : a x)rincipal cavity, or sinus venarum, "situated 
posteriorly, and an anterior, smaller portion, the auricula. 


Fig. 600. — The base and diaphragmatic surface of the heart. 
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The Birms venat; vm is the large quadrangular cavity placed between the 
two venaa cav^s. Its walls, which are extremely thin, are connected below with 
the right ventricle, and medially with the left atrium, but are free in the rest 
of their extent. 

The auricula is a small, conical, muscular pouch, the margins of which 
present a dentated edge. It projects from the upper and front part of the 
sinttd forwards and towards the left side, overlapping the root of the aorta. 

The separation of the auricula from the sinus venarum is indicated externally 
by a groove, the sulcjmUixmmalis, which extends from the front of the superior 
vena cava to the front of the inferior vena cava, and represents the line of 
union of the sinus venosus of the embryo with the primitive atrium. On the 
inner wall of the atrium the separation is marked by a vcrifbal, smooth, 
muscul^ ridge, the cri&ta^MrMiwdis. Behind the crest the internal surface 
of the % smooth, while in front of it the muscular fibres of the wall airlift ; 

raised in^ p^u^ ridges resembling the teeth of a comb> and hence named'"' 
thema^^ 
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\yLhe interior of the right atrium (fig. 602) prints the following parts for 
examination : 


^Superior vena cava, 
^.llnierior vena cava. 

Foramina veuarum 


Valves of the inferior vena cava. 

1 Valve of the coronary sinus. 


mmimarum. 
iRight atrioventricular. 

Fossa ovaUs. 

Limbus fossa) ovalis. 
IntervenouB tubercle. 
Musculi pectinati. 
Crista terminalis. 


The superior vena cava returns the blood from the upper half of the body, 
and opens into the upper and posterior part of the atrium, the direction of its 
orifice being downwards and forwards. Its orifice has no valve. 


Fig. 601. — Sternocostal surface of heart. 



The inferior vena cava, larger than the superior, returns the bipod from 
the lower half of the body, and opens into the lowest part of the atrmm near 
the atrisd septum ; its orifice, directed upwards and backwards, is guarded 
W a rudimentary valve, the valve of the inferior vena cava (valve of^Eustachius). 
The blood entering the atrium through the superior vena cava is directed 
downwards and forwards towards the atrioventricular orifice, whilst '^ttutt 
ent^fing through the inferior vena cava is directed upwards and 
towards the atrial septum. This is the normal direction of the tli^'ourrents 
in fcfetal life. , # ^ 

The coronary sinus opens into the atrium, between the orifice of the inferior 
vena cava and liie atrioventricular opening, , It returns blood from the^sub- 
stance of the haart, and is protected by a semicircular valvei the"^ iMve of ^e 
odirbmru mms pf 

imnimarum are the orifices, 
mintmos), which return blood directly Iroin the 
tile hee^t, ' 
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. The right atrioventricular orifice is the large aperture of communication 
between the atrium and the ventricle; it wul be described with the right 
ventricle. 

The valve of the irderior vena cava is situated in front of the orifice of the 
inferior vena bava. It is semilunar in form, its convex margin being attached 
to the anterior margin of the orifice ; its concave margin, which is free, ends 
in two cornua, of which the left is continuous* with the anterior edge of the 
limbus fosses ovalis while the right is lost on the wall of the atrium. JXbSL. 
valve isjforn^ duplicature ,o£ .the Uning membrane of the atrium, con- 

taini^ a^ few muscular fibres. In the foetus this valve is of large size, and 
sdfves to direct the Blood from the inferior vena cava, through the foramen 
ovale, into the left atrium. In the adAiU it occasionally persists, and may assist 
in preventing the reflux of blood into the inferior vena cava ; more commonly 
it is small, and may present a cribriform or filamentous appearance ; sometimes 
it is altogether wanting. 


Orifice of superior^ 
vena cava 

Crista terminalis 
Atrial septum 

TAmbus fosses ovalis 

Orifice of coronary 
nnus 


Orifice of inferior, 
vena cava 


Fio. G02. — Interior of right side of heart. 

Pulmonary valve 


Anterior cusp of 
tricuspid valre 
Chordve tendhuai 


Papillary 

muscles 



Valve of coronary sinus 


The valve of the coronary sinus is a semicircular fold of* the lining membrane 
of the atrium, at the orifice of the coronary sinus. It prevents the regurgitation 
of blood into the sinus during the contraction of the atrium. This valve may 
be double or it may be cribriform. 

The ovalis . an oval depression on the septal wall of the atrium, and 
dorreapoMSto the situation of the foramen ovale in the foetus. It is situated 
at the lower part of the septum, above and to the left of the orifice of the 
inf^or vena cava. 

, The UiUbua foasce ovalis ia the prominent margin of ;.|he 

loader evms% It 4s most dislmct above and at the sides of the fossa ; belcm, 
it is defioieiit. A small slit-like valvular opening is occasionally found, at the 
upper margm of the fossa, leading upwards, beneath the limbus, into the left 
atinum; it is the remains of the total wertiire between the two atria: 

The ihfervenous is a small projection on 

posterior wall of the at^um, above the fossa ovalis. It is distinct in the 
of in tom is ksarbel^ visible. During festal life it may ditot- f 

vena cavu towards the atrioven^tdar opeuhig. 
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The right ventricle is triangular in form, and extends from the right 
atrium to near the apex of the heart. Its anterosuperior surface is rounded 
and convex, and forms the larger part of the sternocostal surface of the heart. 
Its under surface is flattened, rests upon the Diaphragm, and forms a small 
part of J^e diaphragmatic surface of the heart. Its posterior wall is formed 
by the v^tricular septum, which bulges into the right ventricle, so that a 
transverse section of the cavity x)rcsents a semilunar outline. Its upper left 
.angle forms a conical pouch, the conus arteriosus^ from which the pulmonary 
artery arises. A tendinous band, which may be named the teu^n o^ the cony^. 
O^Mviosus^ extends upwards from the right atrioventricular fiorous ring 
(p. 662) and connects the posterior surface of the conus arteriosus to the 
aorta. The wall of the right ventricle is thinner than that of the left, the 
proportion between them being as 1 to 3 ; it is thickest at the base, and gradually 
becomes thinner towards the apex. The cavity equals in size that of the 
loft ventricle, and is capable of holding about 85 c.p. of blopd. 



Its interior (fig. 602) xnesents the following parts for examination : 

Orifices! atrioventricular. y j f^cuspid. 

( Pulmonary artery. I Pulmonary. 

Trabeculjc carnefc. Chordae tondinede. 


The right akioveyitricular orifice is the large oval aperture of communication 
between the right atrium and ventricle. Situated at the base of the ventricle, 
it nxeasups about 4 cm. in diameter and is encircled by a fibrous ring, covered 
by the lining membrane of the heart ; it is considerably larger than the left 
atrioventricular orifice, being sufficient to admit the ends of four fingers. It 
is guarded tricT^ind 

The orifice of the pvtnmnary arteri^ is circular in form, and situated at the 
summit of the ci^^nus arteriosus, close to the ventricular septum. It is placed 
above and to the left of the atrioventricular openihg, and is 

stttTYiil n.r Vfl I v^g 

The tricuspmmlve (Ugs. 602, 604) consists of three somewhat triangular 
cusps or segments. The largest cusp is interposed between the atrioventricular 
orifice and the conus arteriosus, and is termed the qnfmy* cus^, A second, 
^ i^^lmosterior cuapt is in relation to the right margin oi nK'e vi^mole, . and a 
third, the medial cusp^ to the ventricular septum. They are lorm^ hy 'dupli- 
caturea of the lining membrane of the heart, strengthe^tmd . hsk^rvening 
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layers of fibrous iissuo : ,their central parts are comparatively thick and strong, 
their marginal portions thin and translucent, and in the angles between th (3 
latter small intermediate segments arc sometimes seen. Their bases are 
attach^ to a fibrous ring surrounding the atrioventricular orifice and are 
also joined to each other so as to form a continuous annular membrane, while 
their apices project into the ventricular cavity. Their atrial surfaces, directed 
towards the blood-current from the atrium, are smooth ; ^ventricular 
surfaces, directed to^arda the wall of the ventricle, are rough and irregular and, 
together with the apices and margins of the cusps, give attachment to a number 
<^dglicatciendinous cords, the c/^orfe tendinem, r fS IT - . /iV 

The (m&ec^cg cafne£E. are rofinded'nr "irr^yilfir muscuirfr columns which ' 
project irom IBe^wfioie of the inner siufadC of the ventricle, with the exception 
of the conus arteriosus. They are of three kinds : some are ridges, others 
are fixed at their extremities but free in the middle, while a third sot 

are continuous by their bases with the wall of the ventricle, while 
thmr apices project into the cavity, and give origin to the chordae tendine® which 
pass to be attached to the 


segments of the tricuspid 
valve. There are two papjl- 
muscles, anterior and 
po^emr ; of tlTese^ ""^tfie 
aTitcrior is the larger, and 
its chord® tendine® are 
connected with the anterior 
and posterior cusps of the 
valve ; the posterior some- 
times consists of two or 
three parts, and its chord® 
tendine® are connected with 
the posterior and medial 
cusps. Some chord® tendi- 
ne® also spring directly from 
the ventricular septum, or 
from small papillary emi- 
nences on it, and pass to the 
anterior and medial cusps. 
A muscu lar , band, well marked 
in “sheep and* some other 


Fin. 604. — The hasca of the ventricles, exposed 
by removal of the atria. 



animals, frequently oxtpnds 

from the Jb^s^oX,t;he muscle to the ..yeutricular septjnp. 

FnunllVattachmentsft assist in preventing over-distension of the ventricle, 
and so has been named the p^od^utor band. 

The pulmonary semilunar valves (figs. 602, 603) arc three in number, two 
in front and one behind, formed by duplicalures of the lining membrane, 
strengthened by fibrous tissue. They are attached, by their convex margins, 
to the wall of the puJmonary artery at its junction with the ventricle, their 
free borders being directed upwards into the lumen of tlie vessel. The free 
and attached ‘margins of each are strengthened by tendinous fibres, and the 
former presents, |tt its middle, a thickened nodule (corpus Arantii). Prom 
this nodule tendinous fibres radiate through the segment to its attached margin, 
but are absent from two narrow crescentic portions, the placed one 

on either side of the nodule immediately adjoining the free margin (lig. 606). 
Between the semilunar valves and the wall of the pulmonary artery arc three 


»ht, but its a™ thicte. 


measuring about ; 'it consists, like the right, of two parts, a principal 

cavity and an auricula. 

The principal cavity is cuboidal in form, and concealed, in front, by the 
pulmonary artery and aorta ; in front and to the right, it is separated from 
the right' atrium by the atrial septum ; opening into it on either side are :^e 
two pulmonary veins. 

The waHcukt, is somewhat constricted at its junction with the prmd|Mi|<5;f | 
Cavity ; it is Iod[^;eir, narrower, and more curved than that of the right atriuih;^ 
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tbnd its margins are more deeply indented. It is directed forwards afid towards 
the right, and overlaps the root of the pulmonary artery. 

The interior of the left atrium (fig” 605) presents the following parts for 
examination : 

^ ^ Orifices of the four pulmonary veins. 

" Left atrioventricular orifice. 

Foramina venarum miniinarum. 

Musculi pee^inati. 

The pabnonary veins, fou in number, open into the upper part of the 
posterior surface of the left atrium — ^two on either side oi its middle line : they 
are imt provided with valves. The two Jeft veins frequently end by 
opemng. 


Ftg. f)05. — Interior oi left side of heart. 



The left airioventrimlar orifice is the ax)erture between the left atrium and 
ventricle ; it is smaller than the right atrioventricular orifice. 

The foramina vemrum nimimxirum are the orifices of minute veins (venae 
cordis minimao) which rctuiTi blood dircc*tly from the muscular substance of 
the heart. 

The musculi pex^tinati, fervor and smaller than those in the right atrium, 
are confined to the inner .surface of the auricula. 

On the atrial septum may be seen a lunate impression, bounded below by 
a crescentic ridge, the concavity of which is turned upwards. The depr^ssi^n , 
is jtist above the fossa ovalis of the right atrium. 

The left ventricle is longer and more conical in shape than the righ% and 
on i^ansverse section its cavity presents an oval or nearly circular outline. 
It forms a small part of the sternocostal, and a considerable part 
diaphragmatic, surface of the heart ; it also forms the apex qf the heart. Its 
walls are about three times as thick as those^^ the right ventricle. 

interior (fig. 605) presents the followi^ pa|j|^|or examinati^en : 




Left atrioventricular. 
Awtip. 

Trabf^ulfls came®. 



'ii^alves^ 
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The is placed belc>:v« ,silld:tP. the left of thc.aoitio • 

It is a little smaller than the right atrio^’^eiiiiicular orilice, admitting 
only three fingers. It is surrounded by a dense fibrous ring and is guarded 
by the bicuspid or mitral valv'e. 

The aortic orifice, is a circular aperture in front and to the right of the atrio- 
ventricular orifice, from whjoh it is separated by the anterior c\isp of the 
l)icuspid valve. Its orifice is guarded by the aDr4ie*- s e im l w mr*valves. The 
jortion of the ventricle luiinediately below the aortic orifice is termed the 
aortic vasiikutic, and possesses fibrous instead of muscular walls. 

The bicusind or milrat valve (figs. 604, 005) is attached to the circumference 
of the left atrioventricular orifice in the same way that the tricuspid valve is on 
the right side, Tt consists of two triangular cusps, formed by duplicatiircs 
of the lining membrane, sti - ngthened by fibrous tissue, and containing a few 
muscular fibres. The cusps are of unequal 8iz(L\ and are larger, thicker, and 
stronger than those, of the tricuspid valve. The larger cusp is placed in front 
and to the right between the abrioventricular and aortic orifices, and is known 
as the anterior or aor'i^Qvjp ; the smaller or posterior CMsp is y)laced behind and 


Kifi. 600.- -Aorta Jaid open to sliow^ the semilunar valves. 
4 'riir. SIIII/S postrr: ir 



to the left of tlie opening. Two smaller eu.sps arc . iially found at the angles 
of junction of the larger. The cusps of the bieusymi valve aw. furnished with 
chordae tendineae, which are attached in a manner siinilor to those on the 
right side of the lioart ; ^hey are. however, llurker. stioriger, and Jess 
numerous. 

The aortic semilunar valves (figs, 604, 606) are three in number, and surround 
the orifice of the aorta ; tw'r are posterior (right and left) and one is anterior. 
They are similar in structure, and in their mode of attachment, to the pul- 
monary semilunar valves, but are larger, thicker, and stronger ; the lunulaj 
are more distinct, and the ikkI .li cr corpora Arantii thi(^ker caiid more pro- 
minent. Opposite the \alvtis the aorta presents slight dilatations, the aortic 
sinuse^s (sinuses of Valsalva > vhicn arc larger than those at the origin of the 
pulmciiiary artery. 

The irubecuke carneo*. are of three kinds, like? those in the right ventricle, but 
they are more numerous, and present a dense interlacement, especially at the 
apex, and upon the posterior wall, of the ventricle. The musculi papillares 
are two in number, one springing from the anterior, the other from the posterior 
wall ; they are of large size, and end in rounded extremities from which the 
chordae tendinow arise. The chordae tendineae from each papillary muscle 
are connected to both cusps of the bicuspid valve. 

The ventrici|lar septum (fig. 607) is directed obliquely backwards and:to 
" the right, and is curved with the convexity towards the right ventricle : 
margm correspond with the anterior aiul posterior longitudinal sulci on tl^; 
|ur^i^ of the heart. The greater portion of the septum is thick and 
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and constitutes the mmcular ventricular septum ; but its upper and posterior 
part, which separates the aortic vestibule from the lower part of the right 
atrium and upper part of the right ventricle, is thin and fibrous, and is termed 
the membraT^^ An abnormal communication may exist 

between tne ventricles at this part, owing to defective development of the 
membr^ous septum. 

Structure. — ^^e heart consists of muscular fibres {myocardium), and of fibrous 
rings which serve for their attachment. It is covered by the visceral layer of the 
serous pericardium {epicardium), and lined by the endocardium. 

The endocardium is a thin, smooth, glistening membrane which lines the inner 
surface of the heart ; it assists in forming the valves by its reduplications, and is 


Fio, 607. — Section of the heart showing the ventricular septum. 



continuous with the lining membrane of the large blood-vessels. It consists 
of a layer of endothelial cells placed on a stratum of connective tissue and 
elastic fibres. 

The fibrous rinys surround the atrioventricular and arterial orifices, and are 
stronger on the left than on the right side of the heart. The atrioventricular rings 
serve for the attachment of the muscular fibres of the atria and ventricles, and 
for the attachment of the bicuspid and tricuspid valves. The left atrioventricular 
ring is closely connected, by its right margin, with the aortic arterial ring ; between 
these and the right atrioventricular ring is a trian p ^ i^r ma ss o ^ fibrous the 

fibrosum, which represente of thilarget as 

tKe ox and elephant. There is the tendon of the conus arteriosus, .already 
referred to (p. 558), ! * 

The fibrous rings surrounding the arterial orifices serve for the attaohmeiat pt 
the peat vessels and\ semilunar valves. Each ring receives, by its vehtrientar 
maigin, the attachment of some of the muscular fibres of the ven^^tes ; its 
jflwgin presents three deep semicircular notches, to which, the middle the : 

azteiy is firmly fixed. The attachment of an artery t6;)ts fibrous ring " 

by the external coat and epicardium externally, andf By the endoca^i^Q^inw^itelly. 
riiom the margins of the Semicircular notches, the fibromas — 
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is continued into the segments of the valves. The middle coat of the artery in 
this situation is thin, and the vessel is dilated to form the sinuses of the aorta and 
pulmonary artery. 

The mmcvHa/r strticture of the heart consists of fibres, which are transversely and 
longitudinally striated (page 33), and present an exceedingly intricate interlacement. 
They comprise (a) the fibres of the atria, (6) the fibres of the ventricles, and (c) the 
atrioventricular bundle. 

The fibres of the atria are arranged in two layers — a superficial, common to both 
atria, and a deep, proper to each. The superficial fibres are most distinct on the 
front of the atria, across the bases of which they run in a transverse direction, 
forming a thin and incomplete layer; some of them pass into the atrial septum. 
The deep fibres consist of looped and annular fibres. The looped fibres pass upwards 
over each atrium, and are attached by their extremities to the corresponding atrio- 
ventricular ring, in front and behind ; the annidar fibres surround the auriculae, 
and form annular bands around the terminations of the • veins and around the 
fossa ovalis. 

The fibres of the ventricles are arranged in a complex manner, and various accounts 
have been given of their course and connexions ; the following description is based 


Flo. 608 . — Apex of the heart to show the two vortices. (Mall.) 



ofi that given by John Bruce MacCallum,* T}u‘y consist of superficial and deex) 
layers, all of which, with the exception of two, are inserted into tlie papillarv muscles 
of the ventricles. The superficial layers comprise the follow ing : (a) Fibres which 
spring from the tendon of the conus arteriosus (p. 558) and sweep downwards 
and towards the left across the anterior longitudinal sulcus and around the apex 
of the heart, where they form a vortex (fig. 608) and pass upwards and inwards 
to terminate in the papillary muscles of the left ventricle ; those arising from 
the upper, half of the tendon of the conus arteriosus pass to the anterior papillary 
muscle, those from the lower half to the posterior i)apillar} muscle and the papillary 
muscles of the septum (fig. 609), (6) Fibres \vhich arise from the right atrio- 

ventricular .ring and run diagonally across the diaphragmatic siufaco of the right 
ventricle and round its right border on to its sternocostal surface, where they dip 
beneath the fibres just described, and, crossing the anterior longitudinal sulcus, 
wind ground the apex of the heart and end in the x>osterior papillary muscle of 
the lefc. ventricle, (c) Fibres which spring from tlie left atrioventricular ring, 
and, CTol^sin^ the posterior longitudinal sulcus, pass successively into the right 
ventricle ana end in its papillary muscles. The deep layers are three in number ; 
they arise in the papillai? muscles of one ventricle and, curving in an S shaped 
manneri. turn in at the longitudinal sulcus and end in the papiUarjr muscles of:' 
the other ventricle (fig, 610). The layer which is mo-at superficial in the 
ventricle next theluipen bf the left, and vice versa. Those of the first 
almost eheii^^ ventricle, and, crossing in the septum to the left, unite Wfth. ? 

5 !/ * Johns Hopkins' fioepUal BeportSi r 61 IX, 
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the superhcial fibres from the right atrioventricular ring to form tlie posterior 
papillary muscle. Those of the second layer have a less extensive course in the wall 
of the right ventricle, and a correspondingly greater course in the left, where they join 
with the superficial fibres from the anterior half of the tendon of the conus arteriosus 

to form the papillary muscles 
of the septum. Those of the 
third layer pass almost entirely 
round the left ventricle and 
unite with the superficial fibres 
from the lower half of the 
tendon of the conus arteriosus 
to form the anterior papillary 
muscle. Besides the layers just 
described there are two bands 
which do not end in papillary 
muscles. One springs from the 
right atrioventricular ring, crosses 
in the atrioventricular septum, 
encircles the deep layers of the 
left ventiicle, and ends in the 
loft atrioventricular ring. The 
second band is apparently con- 
fined to the left ventricle ; it is 
attached to the hit atrioventri- 
cular ring, and encircles the 
j)ortion of the ventricle adjacent 
to the aortic orifice. 

The atrioventriculaT bundle 
is a direct muscular connexion 
between the atria and the 
ventricles. It arises ’ i connexion with two small collections of spindle-shaped 
cells, the sino-atrial and atrioventricular nodes. The sinchatrial node is situated 
on^the anterior border of the opening of the superior, vena cava ; from it strands 
of fusiform fibres run under the endocardium of the wall of the atrium to the atrio- 
ventricular node, Tlie alrioventr^'cidar 
node lies near the orifice of the coronary 
sinus in the annular and septa) fibres 
of the right atrium ; from it the 
atrioventricular bundle parses forwards 
below the membranous septum, and 
divides into right and left fasciculi. 

These run down in thi‘ right and 
left ventricles, one on either side of 
the ventricular septum, covered by 
endocardium. In tlie lower paits of 
the ventricles they break up into 
numerous strands which end in an 
intricate network in the papillary 
muscles and ventricular mii.scle 
generally. The bundle, and its divi- 
sions are enveloped in a sheath of 
gomie^ive^ tissue ; by injecting tfiis 
sEeatlT with Indian ink the ramifica- 
tions of the bundle can be demon- 
strated. The greater portion of the 
atrioventricular bundle consists of 
narrow, somewhat fusiforna.^ 
but its terminal strands ai^ ebniposed 
of Purldnie fibres. 

Kent' has i^escribed a second atrioyen^QU]^ in the right lateral aspect 

of the heart, containing cardiac mui^le-SSres, fine nerve-fibres, and fibne^ resembling 
those of Purkinje. This bundle is connected with a node in4fae wall of tibe right 
atrium, formed of fine, faintly striated muscle-fibres. 


Fia. f310. — Diagram of tbo course of the 
deepest layer of the left, ventricle. 
(After MacCalliim.) 



Posterior 

’papillary 

muscle 


Fig. 609. — Diagram of the superficial muscular 
fibres of the ventriclo.s of the heart originating 
in the tendon of the conus arteriosus. (After 
MacCallum.) 
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A. Morison * has shown that in the sheep and pig the atrioventricular bnndle 
‘ is a great avenue for the transmission of nerves from the auricular to the, ventricular 
heart * ; large and numerous nerve-trunks enter the bundle and course with it. 
Branches arise from these nerve-trunks and form plexuses around groups of Purkinjc 
cells, and from these plexuses fine fibrils go to innervate individual cells. 

Applied Anatomy , — Clinical and experimental evidence go to prove that this bundle 
conveys the impulse to systolic contraction from the atrial septum to the ventricles, and 
much attention has recently been paid to it, because it appears to bccorno fibrosed and 
to lose much of its conducting power (heart-block) in many cases of Adams-Stokes’ 
syndrome. This condition is characterised by a slow pulse, a tendency to syncopal or 
epileptiform seizures, and the fact that while the cardiac atria beat at a normal rate, the 
ventricles contract much less frequently. 

Vessels and Nerves. — The arteries supplying the heart are the right and left 
coronary branches of the aorta ; the majority of the veins drain into the right 
atrium, but the left atrium receives a few minute veins from the adjacent part of 
the heart. 

The lympfiatics end in the thoracic and right lymphatic ducts. 

The nerves are derived from the cardiac plexus, which is formed by branches 
from the vagi and sympathetic. They are freely distributed both on the surface 
and in the substance of the heart, the separate nerve-filaments being furnished 
with small ganglia. The atrioventricular bundle receives nerve-fibres from ganglia 
in the atrial septum. Other ganglia are found in relation with the sino-atrial 
node, and supply it with nerve-filaments. 

The cardiac cycle and the actions of the valves. — By the cotitraetions of the 
heart the blood is pumped through the arteries to all parts of the body. These 
contractions occur regularly and at the rate of about seventy per minute. Each 
wave of contraction or period of activity is followed by a period of rest, the two 
periods constituting what is known as a cardiac cycle. 

Each cardiac cycle consists of three phases, which succeed eacth other as follows : 
(1) a short simultaneous contraction of both atria, termed the atrial systole, followed, 
after a slight pause, by (2) a simultaneous, but more prolonged, contraction of 
both ventricles, named the verUricular systole, and (3) a period of rest, during which 
the whole heart is relaxed. The atrial contraction commences around the venous 
openings, and sweeping over the atria forces their contents through the atrio- 
ventricular openings into the ventricles, regurgitation into the veins being prevented 
by the contraction of their muscular coats. When the v(mtricleH contract, the 
tricuspid and bicuspid valves are closed, and prevent the passage of the blood 
back into the atria *, the musculi papillares at the same time are shortened, and, 
pulling on the chordae tendineae, prevent the inversion of the valves into the atria. 
As soon as the pressure in the ventricles exceeds that in the pulmonary artery 
and aorta, the valves guarding the orifices of these vessels are opened, and the 
blood is driven from the right v entricle int o the p ulmonar^ tirtcry , and from the left 
into aorta. mbment^TKe'^yStoK ventricles ceases, the pressure 

pulmonary artery and aorta closes the pulmonary and aortic 
semilunar valves, thus preventing regurgitation of blood into the ventricles, and 
the valves remain shut until re-opened by the next ventricular systole. During 
the period of rest the tension of the tricuspid and bicuspid valves is relaxed, and 
blood flows from the veins through the atria into the ventricles. The filling of 
the ventricles is completed by the systole of the atria. The average duration 
of a cardiac cycle is about of a second, made up as follows : 

Atrial systole, Atrial diastole, 

Ventricular systole, Ventricular diastole, y^. 

Total systole, Complete diastole, 

The rhythmical action of the heart.is miMCidar in origin — ^that is to say, the heart- 
muscle itself possesses the inherent property of contraction apart from any nervous 
stimulation. The more embrjonic the muscle the better is it able to initiate the 
contraction wave ; this explains why the normal systole of the heart starts at 
the entrance of the veins, for there the muscle is most embryonic in nature. A 
slight pause occurs between systole of the atria and that of the ventricles. This , 

. ; • Jmmal oj Anatomy and Physiology, vol. xlvi. 
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is due to the fact that the contraction of the ventricles *is excited by an impidse 
conveyed by the atrioventricular bundle, conduction along the fibres of which 
is relatively slow. The nerves, although not concerned in originating the con- 
tractions of the heart-muscle, play an important role in regulating their force and 
frequCSey in order to subserve the physiological, needs of the organism. 

Applied Anatomy , — Wounds of the heart are often immediately fatal, but not neces- 
sarily so. They may bo non -penetrating, when death may occur from hamorrhage if one 
of the coronary vessels has been wounded, or subsequontly from pericarditis. Even a 
penetrating wound is not necessarily fatal, as many caset have been recorded in which 
the wound Ijas been sutured successfully. 


('iiiEF Peculiarities in the Vascular System of the F(ETus 

The development of the heart and vascular system is described on pages 
109 to 128. 

The chief peculiarities of the foetal heart are the direct communication 
between the atria through the foramen ovale, and the large size of the valve 
of the inferior vena cava. Amongst other peculiarities the following may be 
noted : (1) In early foetal life the heart nes immediately below the mandibular 
arch, and as development proceeds it is gradually drawn within the thorax. 
(2) For a time the atrial portion exceeds the ventricular in size, and the walls 
of the ventricles are of equal thickness ; towoids the end of foetal life the 
ventricular |)ortion becomes the larger, and the wall of the left ventricle exceeds 
that of the right in thickness. (3) Its size is large as compared with that of 
the rest of the body, the x)roportion at the second month being 1 to 50, and at 
birth 1 to 120, while in the adult the average is about 1 to 160. 

The foramen ovale forms a free communication between the atria until the 
end of foetal life ; it is obliterated shortly after birth (pages 115, 116). 

The valve of the inferior vena cava directs the blood from that vessel through 
the foramen ovale iino the left atrium. 

The chief peculiarities in the arterial system of the foetus are the com- 
munication between the pulmonary artery and the aorta by means of the 
ductus arteriosus, and the continuation of the hypogastric arteries as the 
umbilical arteries to the placenta. 

The duclub arteriosus is a short tube, about 1*25 cm. in length at birth, and 
of the difimeter of a goose-(i\ull. In early foetal life it forms the continuation 
of the pulmonary artery, and opens into" the aorta, just beyond the origin of 
the left subclavian artery ; and so conducts the greater amount of the blood 
from the right ventricle into the aorta. When the branches of the pulmonary 
artery luive bc(Joine larger relatively to the ductus arteriosus, the latter is 
chiellv' connected to the left pulmonary artery". It is obliterated within a few 
days after birth. 

In the feetus the hypoyastric arteries are continued along the sides of the 
urinary bladder, thence upwards on the back of the anterior abdominal wall 
to the umbilicus ; liere they pass out of the abdomen and run, under the name 
of the umbilical arteries, in the umbilical cord to the placenta. They convey 
blood from the fad us to the jdacenta. 

The chief peculiarities in the venous system of the foetus are the com- 
munications cstablislicd Ix^tween the placenta and the liver and portal vein, 
through th(' umbilical vein ; and between the umbilical vein and the inferior 
vena cava through the ductus venosus. ' . . 


' j \ FaiTAL Circulation (fig. 611) 

The feetaJ blood is carruxJ to the placenta by the hyi>ogastric and unibtUcal 
arteries, and retained from the placenta to the feetus by the two utnhiiioal 
veins. Thew veins unite in the umbilical cord to form a single, vein (vena 
umbilicaUs impart which divides within the emjbjyo int,6 a ri^t and ft left 
umbilical vein. After the formation of the liver the r^t ui^iliciu y*^ ftiaroi^es , 
.and disappears, but the, left ptTsiste Until the end of fostm IHe.,, It the 
abdomen at the umbilicus, and pass^ along the.Jbree margin e# the ftdbifc^rm.:' 
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ligament of the liver, to the under surface of that organ, where it gives o£E two 
or three branches, one of large size to the left lobe, and others to the lobus 
quadratus and lobus caudatus. At the porta hepatis or transverse fissure 


Fig. 611 . — Plan of the foetal circulation. 



In thts plan the arrow's repipsent the coiir-« whloh the bloo»l take;^ In tlie henrt onil vessels. 


of the liver it divides into two branohos : of these, tlio larger i.® joined the 
portal vein, and enters the right lobe ; the smaller is continued upwards, 
under the nstme nf the duqtus venosus, and joins the inferior vena cava. The 
blood cqiiy<jyed lyg the left umbilical vein passes to the (nh^rior vena cava in 
three iliiSerent ways. Some enters the liver directly and is eanied to tl^ 
inferior y^uS^ cava by the hepatic veins ; a considerable quantity circulates' 
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through the liver with the x)ortal venous blood, before entering the inferior 
vena cava by the hepatic veins ; the remainder passes directly into the inferior 
vena cava through the ductus venosus. 

In the inferior vena cava, the blood carried by the ductus venosus and 
hepati(?..^eins mixes with that returning from the lower extremities and 
abdominal ^vall. It emte^. thjx.xight Jtltaium, and, guidfid 
inferior vena cava, passes through the foramca ovaJe uxto the left atrium, where 
ifiningles'With ii small quantity of blood returned from the luiigs by th e pul- 
moiiaixy^eins. Fiom the left atrium it passes into the left ventricle, anJfiom 
tEarcavity into tlic aorta, by means of which it is distributed almost entirely 
to the head and upper extremities, a small quantity being probably canned 
into the descending aorta. The blood from the head and upper extremities 
is returned by the superior vena cava to the right atrium, where it mixes 
with a small portion of that returned by the inferior vena cava. From the 
right atrium the blood passes into the right ventricle, and thence into the 
pulmonary artery. The lungs of the foetus being inactive, only a small quantity 
of the blood f^onveyed by the pulmonary artery is distributed to them by the 
right and left pulmonary arteries, and returned by the pulmonary veins to 
the left atrium ; the greater part passes through the ductus arteriosus into 
the aorta, where it mixes with the small quantity of blood transmitted by the 
left ventricle into this part of the .aorta. It descends through the aorta 
and is in part distributed to the lower extremities and the viscera of the 
abdomen and pelvis, but most of it is conveyed by the umbilical arteiies 
to the placenta. 

From the iDreceding account of the circulation of the blood in the foetus 
the following facts w'ill be evident : 1 . The placenta serves the purposes of 
mitrition and (excretion, n^cciving the impure blood from the foitus, and return- 
ing it purified and charged with additional nutritive material. 2. A large 
part of the blood of the left umbilical vein traverses the liver before entering 
the inferior vena cava ; this is correlated with the large size of the liver, 
especially at an early period of foetal life. 3. The right atrium is the point of 
meeting of a doubh; current, the blood from the inferior vena cava being guided 
by the valve of this vessel through the foramen ovale into the left airiunj, 
while that in the superior vena cava descends into the right ventricle. *At an 
early period of fmtal life it is highly probable that the two streams are quite 
distinct, for the inferior vena cava opens almost directly into the left atrium, 
and the valve of the inferior vena cava would exclude the current from the 
right ventricle. At a later period, as the separation between the two atria 
becomes more distinct, it seems probable that some mixture of the two streams 
must take place. 4. The pure blood carried from the placenta to the foetus, 
mixed with the blood from the portal vein and inferior vena cava, passes 
almost directly to the ardh of the aorta, and is distributed by the branches 
of that vessel to the head and upper extremities. 5. The blood contained 
in the descending aorta, chiefly derived from that which has already circulaU^d 
through the head and limbs, together with a small quantity from the left 
ventricle, is distributed to the abdomen and lower extremities. 


Changes in the Vasculae System at Birth 

At birth, when respiration is established, an increased amount of blood 
from the pulmonary artery passes through the lungs, and the placental circula- 
tion is cut off. The foramen ovale is closed by the septux^.. (P- 115) 

about the tenth day after birth ; sometimes a slit-liice opening is leit between 
the two atria. 

The dyfiim arkriosus begins to contract immediately after respiration is 
established, and is completely closed betwepp. the fourth ajid 
it ultimately forms an impervious cord, the ligamentum arteriosum, wluch 
connects the left pulmonary artery to the arch of the aorta. 

Of the hypogaskic arteries, the parts extending from the sides of the bladder 
to the umbilicus l)econie obliterated between the second and fifth days after 
bihth, and project as fibrous cords, termed the lateral umbilical UfSaments, 
towards the abdominal cavity, carrying on them folds of peritoneum. 
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The left umbilicdl vein and the ductus venosus are completely obliterated 
between the second and fifth days after birth ; the fornujr becomes the liga- 
mentum teres, the latter the ligamentum venosum, of the. liver. 


THE ARTERIES 


The distribution of the systemic arteries is like a highly branched tree, 
the common trunk of which, formed by the aorta, commences at th(! left 
ventricle, while the smallest ramifications extend to the peripheral [)art.s of 
the body and the contained orgaiLs. Arteries are found in all parts of the 
body, except in the hairs, nails, epidermis, cartilages, and cornea ; the larger 
trunks usually occupy the moat ]>roteeted situations, running, in the limbs, 
along the flexor surfaces, where they are less exposed to injury. 

There is considerable variation in the mode of division of the artiTies : 
occasionally a short trunk subdivides into several branches at the? same point, 
as in the coeliac artery and the th5Teocervical trunk ; usually the vessel gives 
off several branches in succession, and still continues as the main trunk, as 
in the arteries of the limbs. 

A branch of an artery is smaller than the trunk from which it arises ; Imt 
if an artery divides into two branches, the combined sectional area of the 
two vessels is, in nearly every instance, somewhat greater than that of the 
trunk; and the combined sectional area of all the arterial branches greatly 
exceeds that of the aorta. 

The arteries unite with one another, forming what are called anastomoses. 
Anastomosis between trunks of nearly c(jual size is found in the brain, where 
the two vertebral arteries unite to form the basilar, aiid the two anterior cerebral 
arteries are connected by the anterior communicating artery ; and in the 
abdomen, where the intestinal arteries have very ample anastomoses between 
their larger branches. In the limbs, the anastomoses are largest and most 
mimorous around the joints ; the branches arising from an artery above the 
joint uniting with branches from the vessels below. These anastomoses are 
of considerable interest to the surgeon, as it is by their enlargement that a 
collateral circulation is established after the application of a ligature to a main 
artery. T'he smaller branches of arteries anastomose more freciuently than the 
larger ; and between the smallest twigs these anastoinosos are so numerous that 
they constitute a close network pervading nearly every tissue of the body. 


Applied Anatomy . — The walls of all the arteries, and niost ot all of the aorta, are liable 
to various forms of hardening known collectively as arleriosclcrosis, with loss of elasticity, 
that are of the greatest clinical importance. The two chief varieties of arteriosclerosis 
are : (1) hypertrophy of the muscular tunica media of the arteries, eliineally associated 
with chronic arterial vasoconstriction and high hlood-prcssuro, and (2) atheroma or 
atherosclerosis, essentially a senile degenerative change of the intirna, that leads to loss 
of arterial elasticity by the replacement of elastic by fibrous tissue. \Vhatevcr the cause 
of arterial sclerosis its chief ill-effects on the patient arc two. In the first place, it is 
associated with a permanent and often considerable rise in the arterial blood-pressure, 
entailing a corresponding hypertrophy of the heart: in the second, it weakens the vessel 
walls, rendering them more liable to rupture, whiU* at the same time it is apt to lessen 
the calibre of the affected vessels, ^ 

The arteries are also frequently attacked by syphilis, which gives rise to inflammation 
and degeneration of their middle coats. Recent researches * go to prove that arterial 
aneurysms, other than those due to direct injury, occur almost solely in syphilitic 
patients. 


PULMONABY AbTKBY 

The pulmonary artery (figs. 612, 613) conveys venous blood from the right 
ventricle of the heart to the lungs. It is about 5 j?m. in length and 3 cm. in 
dia-iuetcr, and arises from ’It rims 

upwarefs and backwards, passing at first in front and then to the left of the 
ascending aorta, as far as the under surface of the aortic arnh, where it divides, 
about the levellj^f the jBibjo,Qfl£tilag^^ the fifth and sixth thoracic vertebrsD, 

into right. and Irft branches heAHy equal size* 

*C, U. Aitchison, Arch, cf ike Pathohyicai Institute of the London JIaapital, 1908, ii. p, 1. 
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BdAtions. — ThB whole of this vessel is contained i^thin the pericaidiiina. It 
is enclosed in a tube of the visceral layer of the serous pericardium, common to it 
and the ascending aorta. The fibrous layer of the^'pericardium is gradually lost 
upon tb^external coats of the two branches of the artery. In front, tte piilmo||ary 
artery is separated from the anterior end of the second left intercostal space by 
the pleura, the left lung, and the pericardium ; it rests at first upon the ^cending 
aorta ; higher up it lies in front of the left atrium, and the ascending aorta is on 
its right side. On either side of its origin is the auricula of the corresponding 
atrium,* and a coronary artery ; the left coronary artery, in the first part of its 
course passes behind the vessel. The superficial part of the cardiac plexus lies 
above its bifurcation, between it and the arch of the aorta. 

The right branch of the pulmonary artery, longer and larger than the left, 
runs horizontally to the right, behind the ascending aorta, superior vena cava, 


Fio. 612. — Diagram of a transverse section of thorax, showing relations of 
pulmonary artery, etc. 


Tramversu$ thoracis 
Internal mammary vessels 



Thoracic duct Vagus nerves 


and^IJper right ])uIiuonary vein, and in front of the right bronchus, to the root 
of the right lung, where it divides into two branches. The lower and larger of 
these is distributed to the middle and l#U"er lobes of the hmg ; the Upper and 
smaller accompanies the eparterial bronchus to the upper lobe. 

The left branch of the pulmonary artery, a little shoiler and smaller 
than the right, runs horizontally in front of the descending aoirta and left 
bronchus to the root of the loft lung, where it divides into two .branches, one 
for either lobe of the lung. Above, it is united to^ t^O concavity of the aortic 
arch by the ligameutum^'toriownn, on the left of wlfich is- the left recurr^t 
nerve, and on the right the superficial part of the cardiac plexus. Below, it 
is joined to the upper left pulmonary vein by the ligament of the left Vena 
cava (p. 652). 

Tile terminal branches of the i^ulmonary arteries are described with t8(e' 
anatomy of the lungs. ^ ^ " 

i ^ Applied v.-rStenosis (narrowing) or atresia J^nou-perforation) of the pulihopary 

’^^^^l^ce/usually combined with other developmental anomalies such as defcjpt ol the upp^r 
t of the interventricular s^tuui, patency of the ductus ,iad)eiri^us, orJp«iteneyv,olthe 
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foramen ovale, is the commonest form of congenital heart disease. It is due to mal- 
development, and not to f<etal endocarditis; possibly, as Keith suggests, to malformation 
of the bulbus cordia; In well-marked cases the child with congenital heart disease is 
oyanosed, short of breath on exertion, and puny, generally dying of sudden heart failure 
oW bronchitis before adolescence. The chief signs of the condition are the loud, harsh 
systolic cardiac murmur best heard over the second left costal cartilage, cyauosis, club- 
bing of the finger-tips, and the presence of an excess of red corpuscles in the blood. 

Embolism of the pulmonary artery by a clot of blood coming from the right side of 
the heart in patients with heart-disease, or from a thrombosed vein in cases, for example, 
of influenza, enteric fever, puerperal sepsis, or fractured limbs, is a common cause of 
sudden or rapid death. The patient may cry out with sudden excruciating pain in the 
precordia when the detached embolus lodges, and after a brief period of intense dyspneea, 
pallor, and anguish, die. 


The Aorta 

The aorta is the main trunk of a series of vessels wliich conve}'’ the oxy- 
genated blood to the tissues of the body. It begins at the upper part of the 
left ventricle, where it is about 3 cm. in diameter, and after ascending for a 
short distance, arches backwards and to the left, over the root of the left lung ; 
it then descends within the thorax on the left side of the vertebral column, 
passes into the abdominal cavity through the aortic hiatus in the Diaphragm, 
and ends, considerably diminish^ in size (about 1*76 cm. in diameter), opposite 
the left half of the lower border of the fourth lumbar vertebra, by dividing 
into the right and left common iliac arteries. Hence it is described in several 
portions, viz. the ascending aorta, the arch of the aorta, and the desceiuUng 
aorta, which last is divided into the thoracic and abdominal aorta;. 


* Ascending Aorta 

The ascending aorta (fig. 613) is about 5 cm. long. It begins at the 
upper part of the base of the left ventricle, on a level with the loy^cr border 
of the tlnrd half of the sternum ; it passes 

obliquely upwards, forwards, and to the right, in the direction of the heart’s 
axis, as high as the upper bqj^der of th.e second right costal cartilage, describing 
a slight curve in its course, and being situated behind the posterior surface of 
the sternum. At its origin it presents, opposite the segments of the aortic 
valve, three, small dilatations called the aortic sinuses. At the union of the 
ascending aorta with the aortic arch the calibre of the vessel is slightly increased, 
owing to a bulging of its right wall. This dilatation is termed the bulb of the 
aorta, and on transverse section presents a somewhat oval figure. 

Relations. — The ascending aorta is contained within the pericardium, and is 
enclosed in a tube of the serous i)ericardium, common to it and the pulmonary 
artery. It ‘s covered at its commencement by the trunk of the pulmonary artery 
and the right auricula, and, higher up, is separated from the sttirnum by the peri- 
cardium, the right pleura, the anterior margin of tlie right lung, some loose areolar 
tissue, and the mmains of the thymus ; posterior to it are the left atrium, the right 
pulp^onary artery, and the right bronchus. On its right side are the su'perior 
vena cava and right atrium, the former lying parti} behind it ; oa its left side is 
the pulmonarj artery. 

Itoncheis. — The branchewS of the ascending aorta are tli(‘ right, and left coronary 
arteries (figs. 601, 613) which supply the heart ; they arise from the aortic sinuses 
immediately above the attached murgin.s of the aortic semilunar valves. 

CoroMry artery arises from the anterior aortic sinus. It passes at 
fmt between the conus ajteiiosus and the right auricula and then runs in the right 
portion of the coronary rfilleus, ebursing on the front of the heart from left to right, 
and then on the diaphragmatic surface of the heart from right to loft as far as the 
posterior .longitudinal sulcus, down which it i» continued to the apex of the heart 
as the vosterior descending branch It gives off a la rge nharaiii^ bran ch which 
follows we acuto^flSfgin and ramifies on noth sumc^Tm the right 

vtmtxicle. It w$o supplies branches tb the right atrium and to the part of the 
lerb ventricle which adjeuns the posterior longitudinal sulcus. 

/ th'e .teR 0^011^, attey* than the right, arises from the left posteriil^^. 

> aoitib sihub divides into ah anterior descending and a circumflex branch. 
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avUerior descendi^ig branch passes at first behind the pulmonary artery and then 
comes forward between that vessel and the left auricula to reach the anterior longi- 
tudinal sulcus, along which it descends to the incisura apicis cordis; it gives 
branches to both ventricles. Th^^ circumflex branch follows the left part of the 
coronai>y?»\ilcu8, running first to the left and then to the right, reaching nearly as 
far as the posterior longitudinal sulcus ; it gives branches to the left atrium and 
ventricle. 


Ftg. 013. — The arch of the aorta, and its branche 



There is a free anastomosis between the minute branches of the two coronary 
arteries in the substance of the heart. 

Peouliaritiea , — The coronary arteries occasionally arise by a common trunk; tiheir 
number may be increased to three or four. 

Applied Anatomy , — The sudden blocking of a coronary artery by an embolus, or its 
more gradual obstruction by arterial dtsoase or thrombosis, is a common cause of sudden 
death in persons past middle age. If the obstruction to the passage of blood is incom- 
plete, true angina pectoris may occur. In this condition the patient is suddenly seized 
with a spasm of agonising pain in the precordial region and down the left arm, together 
with an indescribable sense of anguish. He may die' in such an attack, or ^coumb a 
. lew hours or days later from heart failure, or survive a number of attacks. 
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Arch of the Aorta 


The arch of the aorta (fig. 613) connects the ascending with tlie devscending 
aorta ; it begins at the level of the upper border of the second right sternocostal 
articulation, and runs at first upwards, backwards, and to the left in front of 
the trachea ; it is then directed backwards on the left side' of the trachea, and 
finally passes downwards on the left side of the body of the fourth thoracic 
vertebra, at the lower border of w'hioh it is continuous with the descending 
aorta. It thus forms two curvatures : one with its convexity upwards, the 
other with its convexity forwards and to tlie loft. Its border is usually 

^^boiit.2.‘5. .Qiu. below the superior border of the manubrium sterni. 

Relations.- -The arch of the aoita is covered mUeriorly by the pleurae and 
anterior margins of the lungs, and by the remains of the thymus. As the vessel 
runs backwards its left side is in contact vrith the left lung and pleura. Passing 
downwards on tj^Q left side of this part of the arch are four iieryes ; in order from 
before backwards these are : the left phrenic, tlie lower of the superior cardiac 
branches of the left vagus, the superior cardiac branch of tlui l(*ft sympathetic, and 
the trunk of the left vagus. As the last norvo crossos tlu’. arch it gives olT its recuiTent 
branch which hooks round below the vessel ami then pass<'s upwards on its right 
side. The left superior intercostal vein runs f)bliquoly upw'ards and forwards 
on the left side of the arch, between the phrenic and vagus nerves. On the. right 
arc the deep part of the cardiac plexus, the left rt'currcnt nerve, the msophagus, 
and the thoracic duct ; the trachea lies behind and to tlu' right of the vessel. Above 
are the innominate, left common carotid, and left subclavian arteries, which arise 


from the convexity of the arch and are c.rossed clovso w their origins by the h'ft 
innominate vein. Below are the bifurcation of the p. .inonaiy artery, the left, 
bronchus, the ligaraentum arteriosiim, the super., iai part of the cardiac plexus, 
and the left recurrent nerve. As already stated, the UgaTiKUitum art(*riosum 
connects the commencement of the left pulmoiuuy at ^ry to the aortic aich. 

In the feetus the lumen of the aorta is con.^ ‘blv ne 'wed between the origin 
of the loft subclavian artery and the attachrieoi. .re .us arteriosus, forming 
what is termed the aortic isthansy wliile irnin^' ' 1 f|io ductu.s arteriosus 

the vessel ]>reaents a fusiform dilatation w’ ' .ue" m**d the aortic spindle — 

the point of junction of the two 2 )arts I in t‘ e concavity of the' arch 

by an indeutatioji or angle. . These cor ’it* j.#' dst, to some extent, iii tlie adult, 
where His found that the aveniLe diarcur of the spindle e.X(;peded that of the 
isthmus by 3 mm. 


Peculiarities , — The summit of tlu‘ arch of the aorta is usually about 2*0 cm. below 
the upper border of the sternum; but it may reach nearly to the top of the bone. Occa- 
sionally it is found 4 cm., more randy from r> to 8 cm., below this point. Sometimes the 
aorta arches over the root of the right limg fright aortic andi) instead of over that of the 
left, and passes down on the right side of tluj vertebral column, a condition which is found 
in birds-. In such carses there i.s a transposition of the thoracic and of tliL, abdominal 
viscera* Less freq^uently the aorta, after arching over the root of tlu* right lung, is 
directed to its usu^ position on the left sidcj of the vertebral column; this peculiarity is 
not accompanied by transposition of the viscera. The aorta occasionally divi<lcs, as in 
Roriio quadrupeds, into an ascending and a descending trunk, the former of which in 
directed vertically upwards, and subdivides into three, branches, to supply the head and 
upper extremities. Sometimes the aoi-ta subdivides near its origin into two branches, 
which soon reunite ; in one case of this kind tho ccsophagns and trachea passed through 
the interval between tho two branches; this is the normal condithm of tho vorkoI in 
tho reptilia. 

Applied Anatomy , — Of all the vessels of the arterial system, the aortu, and ni<>re 
especially its arch, is most frequently the scat of disease ; hence it is important to consider 
some of the consequences that may ensue from ttne\irysm of this part. 

Aneurysm of the ascending aorta, in the situation of the aortic sinuses, in the great 
majority of cases, affects the anterior sinus; this is mainly owing to the fact tljat the 
regurgitation of blood upon the sinuses takes place chiefly on the anterior aspect of tho 
vessel. As the aneurysmal sac enlarges, it may compress any or all of the structures in 
immediate proximity with it, but chiefly projects .towards the right anteiior side; and, 
consequently, interferes mainly with those structures that have a corresponding relation 
with the, vessel. If it project forwards, it may destroy the sternum and the cartilages of 
the ribs, usually oh the right side, and appear as a pulsating tumour on the front of the 
chest, just'helow tho manubrium; or it may burst into the pericardium,' or may com>v 
press, or open into the right lung, the trachea, bronchi, or opsophagus. In the majority . 
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of cases it bursts into the cavity of the pericardium, the patient suddenly drops down 
dead, and upon a post-mortem examination, the pericardial sac is found fml of blood; or 
it may compress the right atrium, or the pulmonary artery, and adjoining part of the 
right ventricle, and open into one or the other of these parts. It may press upon the 
superior cava or the innominate veins, causing great venous engorgement. The 
face becomes liyid and swollen, the right arm and antonor thoracic wall oedomatous, and 
the congestion of tho brain gives rise to headache and vertigo. An aheurysm has occa- 
sionally perforated into the superior vena cava, sotting up an arteriovenous aneurysm. 
When this liappens the patient suddenly becomes very short of breath, intensely congested 
and oedernatous in the face and upper part of the body, and develops a palpable thrill and a 
continuous humming murmur, loudest during systole, over the sternum. Death follows 
a few days or weeks after such a perforation; and somewhat similar symptoms are 
occasioned when an aortic aneurysm erodes and bursts into iho pulmonary artery. 

Begarding tlic arch of the aorta, the student is reminded that the vessel lies against 
the trachea, cesophagna, and thoracic duct; that the recurrent nerve winds around it; 
and that from its upper part arc given off throe large truuks, which supply the head, neck, 
and upper extremities. An aneurysmal tumour taking origin from the posterior part of 
the vessel, its moat usual site, may press upon the trachea and give rise, to the sign known 
as ‘ tracheal tugging,’ impede the breathing, or produce cough, dyspnoea, bronchiectasis, 
hfpiiioptysis, or stridulous breathing, or it may iiltimately burst into that tube, producing 
fatal ‘hsemorrhage. Again, its pressure on the left recurrent nerve may give rise to 
symptoms of laryngeal paralysis ; or it may press upon the thoracic duct and destroy life, 
by inanition; or it may invQjve the (esophagus, producing dysphagia, and has not 
infrequently been mistaken for cesophageal stricture ; or it may bui‘st into the oesopliagus, 
when fatal hceinorrhago will occur. Compression or stretching of the syinpath(3tic fila- 
ments may, in the former cas(!, produce dilatation of the pupil ; in tho latter, contraction, 
if the conducting power is abolished, on the aliocted side. This has proved to be an 
important diagnostic sign in this disease ; it has also been attributed to lowering of the 
arterial pressure in the iris, which is «lilated, tho lowering being clue to partial obstruction 
of the orifice of tho iiinornimito artery on the right side, or of the common carotid on the 
left, ns the case may be, by ancairysmal deformation of the aortic arch at the point where 
these vessels arise. Again, the innominate artery, or the subclavian, or left carotid, 
may be so obstructed by clots as to produce a weakness, or even a disappearance, oi the 
pulse in .one or the other wrist, or in the leit superficial temporal artery; or tho tumour 
may present its(df at or ub< *7c the manubrium, generally either in the. median line, or to 
the right of the, sternum, and may simulate an ancnirysm of one of tho arteries of the neck. 

Many of the physi(’al signs of an aortic aneurysm may be simulated with (extraordinary 
fidelity by tho preternatural pulsation or throbbing of a distended and elastic aorta, when 
no true aneurysmal dilntatiou exists, 'rhis condition may be met with in young persons 
with aortic ivfiux jiiul greatly h 7 'pertr()phied Isearts, in patients who arc of a lU'urotic or 
hysterical temperament, and in eases of (iiavos’s dis(\ase or of marked aniemia. Tht'. 
condition is known as d\"”anii(? dilatution of the aorta, and iji no way threatens life. 


Branches 613, 6} 4). — Three branches are given off from the summit 
(jf the arch of the aorta, viz. : the innominate, the left common carotid, and 
the left subclavian. 

Pecul'niTitic ^, — Th« branches may spring from the commencement of the arch or upper 
part of the ascc'tiding n^wta; or tho distance botwcon them at their origins may be 
increased or diminished, the most I'rcqutmt change in this rc'spoct being the approximation 
of the left carotid to the inuominato artery. 

The number of the primary brunches may be reduced to one; nun'e commonly there 
are two, the left carotid arising from the innominate artery, or (more rarely) the carotid 
and subclavian arteries of ihc !<!ft side arising from a loft innoiiiinato artery. But tho 
numbciv may bo increased to four, through the right (carotid and .subclavi^m arteries 
arising directly tom tho aorta ; in most of these cases thi' riglit subclavian e.rises from the 
left end of tho arch; in otlier cases it is tho second or third branch given off. ^ Another 
oomnaon variation in which there, arc four primary brajtchos is that where the left verte- 
bral artery arises from the arch of tho aorta between the left carotid and subclavian 
arteries. Lastly, the number of trunks may bo increased to five or six ; in l^eae instances, 
the external and internal carotid arteries arise separately, tho common carotid being 
absent on one or both sides. In some few cases six branches have been feun(i, and thia 
condition is as-sociated with the origin of both vertebral arteries from tho arch. 

When the aorta arches over to the right side, the three branches have an arrangcii^^t 
the reverse of what is psual': there is a left innominate artery, and the right chrotid and' 
right subclavian arise separately. In other cases, whore the aorta takes its usual coutBe, 
the two, carotids may bo joined in a common trunk, and the subclavians arlae separately 
from the arch, the right subclavian generally arising frean the left 02^4 of ffae aycm 

Other i^teries may^^spring from the arch of the abrta. Of these the most tiommon 
arc the bronchial, one or both, and the thyreoidea ima; the internal mammary iha. 
inferior thyreoid hayc seen to arise from it, ^ ; t ■■ i*. 
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Innominate Artery (fig. 613) 

The innoixiindte artery (arterla anonyma) is the largest branch of the 
arch of the aorta, and is from 4 to 5 cm. in length. It ^^.cs from the convexity 
of the arch of the aorta, POgJg^ior to the ceijtye of the manubrium sterni ; it 
passes obhquely Upwards, backwarSrand to the nght to the level of the upper 
boraer of the right sternoclavicular articulation, where it divides into the 
right common carotid and right subclavian arteries. 

^latiOxi8*~An^ior{^, it is separated from the manubrium sterni by the Sterno- 
hyoideiK and Sternothyreoideus, the remains of the thymus, the left innominate 
and rigl^ inferior thyreoid veins which cross its root, and sometimes the superior 
cardiac branches of the right vagus nerve. Posterior to it is the trachea, which 
it Closes obliquely. On the right si^ are the right vagus nerve, the right innominate 
vein, the ^perior vena cava, the right phrenic nerve, and the pleura ; and on the 
side, the remains of the thymus, the origin of the left common carotid artery, 
the inferior thyreoid veins, and the trachea. 

Branches. -^The innominate artery is usually devoid of branches, but 
occasionally a small one, the Ihyreoidea ima, arises from it, and sometimes it 
gives off a thymic or a bronchial branch. 

The fe sreoidgaLjtoa ^aBcends in front of the trachea to the lower part of the 
thyreoid ^na7 which it supplies. It varies greatlj in size, and appears to com- 
pensate for deficiency or absence of one of the other thyreoid vessels. It occasion- 
ally arises from the aorta, the right common carotid, the sulx'lavian or the internal 
mammary. 

Peculiariiiea , — The iritioiniriate artery sometime.^ divides above the level of the sterno- 
cbivieiilar joirit, less frequently below it. Wlien tbo sortie areh is on the right side, the 
innominate artery is directed to the left side of the neck. 

Applied Anatomy . — Anciirysni of the innominate artery not infrequently occurs as 
an ficcorripaniment to aneurysm of the arch of tbo aorta. It causes bulging of the right 
sternoclavicular articulation, pushing forwards the Hternocleidomastoideus muscle and 
lining up the jugular notch. It jiroducos serious pressure s'\'inptoms ; from pressure on 
Uio innominate veins it may cause oedema of llu' uppi'r’oxtrcmities, and of the head and 
neck; from pressure on the trachea it produces dAspjuea; and from j)ressure on the right 
recurrent nerve, hoarseness «atul laryngeal couglu 

Although the operation of tying the innominate artery has Ixmmi performed by severar 
'burgeons, few successes have been recorded. The chief danger of the opcratioii appears 
to be the fretpiency of secondary hjeinorrhago ; hut in Iho present day, with the practice 
of aseptic surgery and our greater knowh'dgo of the us(' of the ligature, more favourable 
results may be anticipated. The main obstacles to the o|)ei’ation are the deep situa- 
tion of the artery behind the stcninm and the jiiimbt'r of important structures which 
surround it. 

Tn order to ajjply a ligature to this vessel, the patient is to bo x>lacod upon his back 
with the thorax slightly raised, the head bent a littlf' backwards, and the right shoulder 
strongly depressed, so as to draw out the artery from Ixdjjnd the storniini into the neck. 
An incision 7 cm, or more in length is then made along the anterior boi'der of the Stomo- 
cle.idomastoideus, terminating at the sternal cud f)f the clavicle. Fro)n this point, a 
second incision is carried about the sanu lengtli along the upper border of the clavicle. 
Tluv skin is then dissected back, and the Pliitysma divided : the stomal end of tbo Sterno- 
cleidomastoideus is now bro\ight into view, and a director being passccl bi iuiath it, and 
close to its deep surface so as to avoid any small vos'jcI'-,, if is to b(' flivided ; in like, manner 
tbo clavicular origin is to be divivh’d thojughout tlic whole or greater part of its attach-^ 
inent. By pressing aside any loose cellular tissue or vessels tliat.may now appear, the 
Stennhyoideus and Rternothyreoideus muscles will be exposed, and must, be divided. 
Tbo inferior thyreoid veins may come into view', and imi.st be carefully drawn cither 
upwards or downw'^ards, by means of a blunt hook, or tied with double ligatures and 
divided. Alter tearing through a strong librocollulur lamina, the right common carotid 
i$ brought into view, and being traced downwards, the; innominate artery is reached. 
The loft innominttte vein should now be depressed ; the right innominate, vein , the internal 
jugular vein, and the vagus nerve tlrawn to ihe right side: and a curved aneurysm needle 
may then be passed around the vessel, close to its surface, and in a direction from below 
upw^irds and medially; care being taken to avoid the right pleural sac, the trachea, and 
cardiac nerves. The ligature should he applied to tJuj artery as high as poS'*-ibl0, in order 
to ^low room between it and the aorta for the formation of the cdagulum . Tho imnor,. 
tonce of avoiding the thyreoid plexus of veins during the primary steps of tho operation, 
and tlie pleural sac while ineludhig the vessel in the ligature, should be most carefully 

Bums demonstrated, bn t)io\dead subject, the posai* 
the cstabKBhn3<int of the coHaterRioirculation afteit ligature of the 
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artery, by tying and dividing that artery. He then found that ‘ Even coarse injection, 
impelled into the aorta, passed freely by the anastomosing branches into the arteries of 
the right arm, filling them and all the vessels of the head completely. ' * The branches by 
which this circulation is carried on are numerous; thus, all the communications across 
the i/ii'd&le line between the branches of the carotid arteries of opposite sides are available 
for the supply of blood to the right side of the head and neck ; the anastomosis between 
the costocervioal of the subclavian and the first aortic intercostal (see infra on the col- 
lateral circulation after obliteration of the thoracic aorta) brings the blood, by a-^ree fiuad 
direct course, into tin* right subclavian; the numerous connexions between the inter- 
costal arteries and the branches of the axillary and internal mammary arteries assist in 
the supply of blood to the right arm, while the inferior epigastric from the external iliac, 
by means of its anastomosis with the internal mammary, compensates for any deficiency 
in the vascularity of the wall of the chest. 


ARTERIES OF THE HEAD AND NECK 

The principal arteries of the head and neck are the two common carotids ; 
they ascend in the neck and each divides into two branches, viz. (1) the external 
carotid, supplying the exterior of the head, the face, and the greater part of 
the neck ; (2) the internal carotid, supplying to a great extent the parts within 
‘ the cranial and orbital cavities. 


Common Carotid Artkhtrs 

The common Cc(^otid arteries differ in length and in their mode of origin. 
The right begins at the bifurcation of the innominate artery behind the sterno- 
clavicular joint and is confinerl to the neck. The lefi springs from the highest 
part of the arch of the aorta to the left of, and on a plane posterior to, the 
innominate artery, and therefore consists of a thoracic and a cervical portion. 

The thoracic portion of the left common carotid artery asc^ends from 
the arch of the aorta through the superior mediastinal cavity to the level of 
the left sternoclavicular joint, where it is continuous with the'cervioal portion. 

Relations. ' ’/n front, it is separated from the rnanubrium steriii by the Sternu- 
hyoideus and Sternothyre 'ideus, the anterior portions of the left pleura and lung, 
the left innominate vein, and the remains of the thymus ; behind it are the trachea, 
cesophagus, left recurrent nerve, and thoracnc duct' To its ri^ht side below, is 
the innominate artiny, and a])ovc, the trachea, the inferior thyreoid veins, and the 
remains of the thymus , to its left side are the left vagus and phrenic nerves, 
the left pleura and lung. The left subclavian artery is posterior and slightly 
lateral to it. ^ 

The cervical portions of the common carotid arteries resemble each other 
so closely that one description wUl apply to both (fig. 615). Each passes 
obliquely upwards, from behind the sternoclavicular artiicji^^jbipjn, tp the level 
of the upper border of the thyreoid cartilage, where it divides into the external 
and internal carotid arteries. Behind the point of division of the artery is 
a small reddish brown, ductless gland, termed the glomm carotiev/v^ (carotid 
body). 

At the lower part of the neck the two arteries are separated from each 
other by a very narrow interval which contains the trachea ; but at the upper 
part, tlxe thyreoid gland, the larynx, and the phar3mx ]project forwards 
between the two vessels. The common carotid artery is contained in a sheath , 
which is derived from the fascia colli (deep cervical fascia) and'^'encloses 
also the internal jugular vein and vagus nerve, the vein lying lateral to the 
artery, and the nerve between the artery and vein, on a plane posterior 
to both. In the sheath, each of these structures has a separate fibrous 
investment. 

Relations* — ^At the lower part of the neck the common carotid artery is very 
deeply eeate^ being <me^ed by the integument, superficial fascia, Platysma, deep 
cervical fascia, and the Stcrxiocleidomastoideus, ^emohyoideus, Stexnothyreoi- 
deus, and Omohyoideus ; in the upper part of its course it is more superficial, 
being covered merely by the integument, the suj^rficial fascia, PlatjBmai deep 

* Surgical AnaUmy of the tlead and Ne^ ^, 
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Ermi**; tte^Stemocleidomastoidcus. When the 

space, tlie wo«,5 * 1 ^? « swn to be contained in a triangulaj 

l>v thp ’A ^ j oulidod behind by the SteriiocleidonAa.stoideus above 

froTr) ifo r \ 4. O^^byoideus. This part of the artery ia crossed obliauelv 
from itH medial to ita lateral side, by the stemoeleidomastoid branch oUhe^S 

1 10. 61 j. Superficial dissection of the right side of the neck, showing the 
carotid and subclavian arteries. 



thyreoid aitory. In front of its sheath is the descending branch of the hyiw- 
glossal nerve, this branch lieing joined by the descendens cervicalis nerve which 
spiinj^ from the second and third cervical nerves and crosses the vessel obliquely ; 
sometimes the descending branch of the hypoglossal nerve is contained witlun the 
sheath of the vessels. The superior thj^id vein crosses the arterv near its termina- 
tion, and the middle thyreoid vein a little below the level of th-'^ cricoid cartilage : 
the anterior jugular vein crosses the artery just above tlws clavicle, but is separaW 
from it by tije Sternoh3iioideus ■ and Stemothyreoideus. Behi^ . the arfery is, if^ 
separated from the teansverse processes of the cervical yerti^ee by the Longtts 

0..V. 2 o B, 



678 ANGIOLOGY 

colli and Ijongus capitis, the sympathetic trunk being interposed between the artery 
and the muscles. The inferior thyreoid artery crosses behind the lower part of 
the vessel *, bdo^j^iO level of the sixth cervic^ the parotid 

ppsteiioriy .with., tie, vertebral artery 

the, thoracia^2^t. it is in relation with the oesophagus, trachea, and 

th^eoid ^nd (which overlaps it), the inferior thyreoid artery and recurrent nerve 
being interposed ; higher up, witli the larynx and pharynx. Lqtejrdl to the artery 
are the internal jugular vein and vagus nerve. 

At the lower part of the neck, the right recurrent nerve crosses obliquely behind 
the artery ; the right internal jugular vein diverges from the artery, out the left 
approaches and often overlaps the lower part of the artery. 

Peculiarities, — In about 12 per cent, of cases the right common carotid arises above 
the level oi the upper border of the sternoclavicular articulation. It may arise as a 
separate branch from the arch of the aorta, or in conjunction with the left carotid. The 
left common carotid varies in its origin more frequently than the right. In the majority 
of abnormal cases it arises with the innominate artery; if that artery be absent, the two 
carotids arise usually by a single trunk. It is rarely joined with the left subclavian, 
except in cases of transposition of the aortic arch. 

Division of the artery may occur at or above the level of the hyoid bone ; more rarely 
it occurs below the usual level, opposite the middle of the larynx, or the lower border of 
the cricoid cartilage; one case is related by Morgagni, Adhere the artery was only 4 cm. in 
length and divided at the root of the neck. Very rarely, the common carotid ascends in 
the neck without undergoing subdivision, either the external or the internal carotid being 
wanting. In a few cases tlio common carotid has been found to he absent, the external 
and internal carotids arising directly from the arch of the aorta ; this peculiarity existed 
on both sides in some instances, on one side only in others. 

The common carotid usually supplies no branch previous to its bifurcation ; hut it may 
give origin to the vertebral, the superior thyreoid or its lar^mgeal branch, the ascending 
pharyngeal, the inferior thyreoid, or the occipital. 

Applied Anatomy. — Aneurysms are not commonly met with on the common carotid; 
when they do occur they are usually situated low down at the root of the neck, or just 
below the point of bifurcation of the vessel. They do not often assume a large size, and 
are more commonly found on th right side. As they increase in size they displace the 
trachea and larynx, and therefore dyspnosa becomes a prominent symptom. Dysphagia 
also may be present from pressure on the oesophagus, especially if the aneurysm is on the 
left side ; and pressure on the recurrent nerve may produce hoarseness and laryngeal 
eou^h. Pressure on the sympathetic will cause pupillary changes— dilatation of the 
pupil when the sympathetic is irritated or the arterial blood-supply to tho eye is lessened, 
contraction when tho sympathetic In^ become paralysed; sympathetic irritation may 
also cause unilateral sweating of the head sal neck Pressure on the superficial branches 
of the cervical plexus may give rise to pain in .the head, face, and neck; pressure on the 
vagus to irregular action of the heart and to asthinatic attacks. It is important to bear 
in mind that an enlarged lymph gkad in the superior carotid triangle, receiving a trans- 
mitted pulsation from the carotid artery, may simulate aneurysm of that vessel, but may 
be distinguished from it by the character of the p\ilsation, which is not expansile. 

Embolism of tho loft common carotid artery, or the thrombosis ihat may follow injury 
to the wall of the vessel by penetrating gunshot wounds of the nook, have been known to 
produce aphasia by interference with the blood-supply of the brain. 

Digital compression of the common carotid is sometimes required, and is best effected 
by compressing the vessel mth the thumb against the anterior tubercle of the transverse 
process of tho sixth cervical vertebra (p. 164), 

Ligature of the common carotid artery may be necessary in a case of wbund of that 
vessel or its branches, in anourysm, or in a case of pulsating tumour of the orbit or skull. 
If tho wound involves the trunk of the common carotid, it will be necessary to tje the 
artery above and below the wounded part. In cases of aneurysm, the whole of the artery 
is accessible, and any part of it may be tied. When the'ease is sUch as Wallow of a ehoice 
being m^e, the upper part of the carotid should be selected as iJio spot upon which to 
place a ligature, for the lower part of the vessel is placed very deeply ih^ne neck, and 
covered by three layers of muscles; moreover, on the left side, the vem, 

in the great majority of cases, passes obliquely in front of it. llie part of the vessel which 
is most favourable for the operation is that opposite the level of the cricoid cartilage. It 
occasionally happens that the carotid artery uifureates below its usual position ; if the 
artery be exposed at its point of bifurcation, both divisions of the vessel should he tied 
near their origin, in preference to tying the trunk of the artery near its termination; and 
if, in consequence of the entire absence of the common carotid, or from iW early division, 
two arteries, the external and internal carotids, are met with, the ligature should be 
placed on that vessel which is found on compressiqh to be connected with the 
diseased area. . 

In this operation,, the direction of the vessel and the anterior zhargin of the Sterno*^ 
cleidomastoideus are the chief guides to its performance. The pa^ltot should be placed 
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on his back with the head extended and turned slightly to the opposite side : an incision 
is to be made, 7 or 8 cm. long, in the direction of the anterior border of the Stemocleido- 
mastoideus, so that the centre corresponds to the ievel of the cricoid cartilage. After 
dividing the integument, superficial fascia, Platysma, and deep fascia, the margins of the 
wound are held asunder by retractors, and the ramus deeccndons hvpoglossi is now 
exposed, and must be avoided. The sheath of the vessel is to be raised by forceps, and 
opened to a small ^tent over the artery at its medial side. The internal jugular vein 
may present itself alternately distended and relaxed, and must be carefully avoided. The 
aneurysm needle is petssed from the lateral aspect, care being taken to keep the needle in 
close contact with the artery, and thus avoid the risk of injuring the internal jugular vein, 
or including the vagus nerve. Before the ligature is tied, it should be ascertained that 
nothing but the artery is included in it. 

Ligature of the comr^on carotid near the root of the neck is sometimes required in 
oases of aneurysm of the upper part of the artery, especially if the sac is of large size. It 
is best performed by dividing the sternal origin of the Sttsrnocleidomastoidcus, but may 
be done in some cases, if the aneurysm is notpf very large size, by an incision along the 
anterior border of the muscle, extending down t-o the sternoclavicular articulation, and 
by then retracting the muscle. Beneath it are two additional muscular layers, viz. : the 
Stern ohyoideus and the Stomothyreoidcus ; these have to be split and retracted, one 
after the other, before the sheath of the vessel is reached. Xu doing this, care must be 
taken not to wound the anterior jugular vein, which crosses the Stcmohyoideiis to reach 
the external jugular or subclavian vein. The sheath must be opened on its medial or 
tracheal side, so as to avoid the internal jugular veiu. Special care is necessary on the 
left side, where the artery is commonly overlapped by the vein; on the right side there 
is usually an interval between the artery and the vein, and the risk of wounding tho 
latter is less. 

The common carotid artery, being a long vessel without any branches, is particularly 
suitable for the performance of Brasdor’s operation for the cure of an aneurysm of the 
lower part of the vessel. Brasdor’s procedure consists in ligaturing tho artery on the 
distal side of the aneurysm, and in the case of the common carotid there arc no branches 
given off from the vessel between the aneurysm and the site of the ligature ; hence the 
flow of blood through the sac of tho aneurysm is diminished, and cure takes place in the 
usual way by the deposit of laminated fibrin. 

Collateral Circulation , — After ligature of the common carotid, the collateral circula- 
tion can be perfectly established by the free communication which exists between the 
carotid arteries of opposite sides, both without and within the cranium, and by enlarge- 
ment of the branches of the subclavian artery. Tho chief cominunicationa outside tho 
skull take place between the superior and inferior thyreoid arteries, and between the 
profunda cervicis and ramus closcendens r>f the occipital: the vertc^bral takes the place of 
the internal carotid within the cranium. 


External Carotid Artery 

The external carotid artery (fig. 615) begins opposite? the upper border 
of the thyreoid cartilage, at the feyel of the disc between the third and fourth 
cerwal , vertebra), and, taking a slightly curved course, passes upwards and 
forwards, and then inclines backwards to a point beliind the neck of the man- 
dible, where it divides into the superficial temporal and internal maxillary 
arteries. It diminishes rapidly in size, owing to tho number and large size 
of the branches given off irom it. In the child, it is somewhat smaller than 
the internal carotid ; but in tho adult, the two vessels are of nearly equal 
size. At its origin, this artery is more superficial, and placed nearer the middle 
line than the internal carotid artery, and is contained within tho carotid triangle. 

Belations. — The external carotid artery is covered by the skin, superficial fascia, 
Platysma, deep fascia, and anterior margin of the Sternocleidomaatoideus ; it is 
crossed by the Digastricus and Stylohyoideus, the liypoglossal nerve, the linii^al, 
ranine and facial veins, and sometimes by the superior thyreoid veins ; 

higher up it.pa^es into the substance of the parotid gland, where it lies deep to the 
fmal nerve and the junction of the superficial temporal and internal maxillary 
veins. Medial to it are the hyoid bone, the wall of the phar 3 mx, the superior 
laryngeal nerve, and a portion of the parotid gland. Lateral to it, in the lower 
part of its course, is the internal carotid artery. It is separated from the internal 
carotid by the Stylodossus and Stylopharyngeus muscles, the glossopharyngeal 
nerve, the pharyngeal branch of the vagus nerve, and part of the parotid gland. 

Applied :.4natom|/.— Ligature of the external carotid may be required in oases of 
wound of this Vessel, or of its branches when these cannot be tied, and in some oases of 
pulsating tumours of the scalp dr face. It is also done as a preliminary measure to 
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excision of the maxilla. The scat of election for ligature is between the origins of its 
superior thyreoid and lingual branches, about a finger’s breadth below the tip of the 
greater cornu of the hyoid bone. To tic the vessel, an incision is made from the angle of 
the niandihlo to the upper border of the thyreoid cartilage, and the superficial tissues and 
the deep fascia divided. The anterior b<'rder of the Stemocleidomastoidens must be 
retracted and th^Jbwer border of tlic parotid gland raised, so as to expose the tendon of 
the Oigastricus and the hypoglossal nerve, which cross the artery. The great difficulty in 
doing this is due to the plexus of veins derived from the superior thyreoid and lingual 
veins, which overlie the artery: if necessary, these must be ligatured and divided. (5are 
must bo taken not to niistakf*. the lingual and external maxillary arteries^ when they arise 
by a common trunk, as they sometimes <lo, for the external carotid artery. Tht! needle is 
to be pAss('d from the lateral to the medial side of the vessel, caridully avoiding the 
suptnior laryngeal nerve, whicli lies in close proximity to the artery. 

dollaleral Circnhiltnn. — Tlu^ circulation is re-established by the free comimmicatioii 
between incest of llie large brandies of the artery (external maxillary, lingual, superior 
thyreoid, occipital) and the (‘corresponding arteries of the opposite side, and by the 
aiiast(>mosis of its branclu^'s witli those of tlie internal (Mirotid art»n*y, and of the occipital 
arti'rv with branches of the subclavian, &c. 


Blanches of the Externat. (Jakotid Artery (fig. 610) 

The branchoa of the external carotid artery art* : 

1. Superior thyreoid. 4. External maxillary. 7. Superficial temporal. 

2. Ascending pharyngeal. 5. Occipital. 8. Internal maxillary. 

3. Lingual. 0. Posterior auricular. 

1. The superior thyreoid artery (tig. filo) arises from the external carotid 
artery just below the fovel of the greater cornu of the hyoid bone and ends 

in the thyreoid gland. 

Relations.- -From its origin beneath 
the anterior border of the Sternochddo- 
mastoideus it runs upwards and forwards 
for a short distance i)i the carotid tri- 
angle, where it is covered by tin* skiji, 
PJatysma, and fascia ; it then arches 
downwMrds beneath the Omohyoideus, 
Stei nohyoidcus, and Sternothyreoideus. 
To its medial side are the Cofistrictor 
pharyngis inferior and the external 
branch of the superior larygneal nerve. 

Branches. — It distributes twigs to 
the adjacent muscles, and branches to the 
thyreoid gland ; it anastomoses with its 
fellow of the opposite side, and with the 
inferior thyreoid arteries. The branches 
to the gland are generally two in number, 
an anterior and a posterior'; the anterior 
and larger branch supplies principally' 
the anterior surface ; on the isthmus 
of the gland it anastomoses with the 
corresponding aitery of the opposite 
shIo ; the posterior branch descends on. 
the posterior surface of the gland and 
anastomoses, with the ii^cijor thyreoid 
artery. 

Besides the arteries distributed to the nius’eJes and to the thyreoid gland, the 
superior thyreoid artery supplies the following branches : 

Hyoid. Superior laryngeal. 

Sternocleidomastoid. CMcothvreoid. 

The hyoid branch is small and runs along the lower border of the hyoid bone 
beneath the Thyreohyoideus and anastomoses with the ve^ssel of the opposite side. 

The sternocleidomastoid branoh runs downwards and latcralwards across the 
^eath of the common carotid artery, and enters the Sternocleidomastoideus muscle ; 
it frequently arises as a separate branch from the external carotid artery. 


Fu filO. — Plan of the branclioj .>f tin: 
external carotid arbrv . 
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The superior laryngeal artery, larger than either of the piecoding, accompanies 
the internal laryngeal branch of the superior laryngeal nerve, beneath the Thyreo- 
hyoidcus ; it pie^rces the hyothyreoid membrane, and supplies the muscles, mucous 
membrane and glands of the larynx, anastomosing with the artery of the opposite 
side, and with the inferior laryngeal branch of the inferior thyreoid artery. 

The cricothyreoid branch is small and runs transversely across the eiicothyivoid 
membrane, communicating witli the artery of the opposite side. 

Applied Anatomy. — The superior thyreoid, or one of its branches, is often divitled in 
eases of cut throat, giving rise to conside.rable hiemorrliage. In such cases, the artery 
should be secured, the wound being enlarged for that purpose, if necessary. The opera- 
tion may bo easily performed, the artery being V(‘ry superficial, and tht! only structun's of 
importance covering it being a ^‘e^^‘ small veins. The superior tlnreoid ariery has been 
Jigatuicd in eases of bronchocelc, but the collatf‘ral circulation between this vessel and 
the art<‘ry of the opposite side, and the. infiTior thyreoid, is so free that the operation has 
been given up, especially as better results arc obtained by other means. 

The. position of the sternoeUddomastoid branch is of importance in comn^xion with 
the optu-ation of ligature of the common carotid artery. It crosses and lies on the sheath 
of this vessel and may chance to be w'ounded in opening the sheath. The position of the 
cricothyreoid branch should be remembered, as it ir>ay prove the source of troublesome 
lacmorrliage during the opcralion of laryngotomy. 

2. The ascending pharyngeal artery (lig. 521), the smallest branch of 
the external carotid arterVs is a long slender vessel, dei^ply sedated in the. neck. 
It arises close to the origin of the external carotid, and ascends vertically 
between th(s internal carotid and the side of the pharynx to the under surface 
of the base of tlie skull, lying on the Longiis capitis ; it anastomoses freely 
with the ascending i)alatine branch of the external maxillary artery. 

I ts branches arc : 

Pharyngeal. Posterior meningeal . 

Inferior tympanic. 

IMwi pharyngeal branches are tliree or four in number. Two of these descend 
to supply the Constrictores phaiyngi.s medius and inf(*rior and the Stylopharyngcus, 
ramifying in their substance and in the mucous jiiembrane lining them. A branch 
of variable size is distributed to the palate, and may take the place of the ascending 
palatine branch of the external maxillary artery, when that vessel is small. It 
passes inwards upon the Constrictor pharyjigis suf)erior, sends branches to the 
soft palate and tonsil, and supplies a twig to tlie auditory tube. 

The inferior tympanic artery is a small branch which ])asses through the inferior 
tympanic canaliculus of the temporal bone, in company with the tympanic branch 
of the glossopharyngeal nerve, to supply the nujdial wall of the tyinpajiic cavity 
and anastomose witli the other tympanic arteries. 

The meningeal branches are several small vessels which su]>ply the dura mater. 
One, the posterior meningeal, enters the cranium through tlui jugular foramen ; 
a second passes through the foramen lacernm ; and occasionally a third through 
the canal fox the hypoglossal nerve. 

Numerous small vessels supply tJie Longi capitis and colli, the sympathetic 
trunk, the hy]>oglossal and vagus nerves, and tlie lymph-glands ; they anastomose 
with the ascending cervical and veitcbral arteries. 

Applied Anatomy. — The asceiidiiig pharyugcal artery has beeai wounded from the 
throat; in one case the stem of a tobacco-pipe was driven into the vessel and caused 
fatal haemonhage. 

3. The lineal arteiy (lig- 021) arises from tho external carotid between 
the superior thyreoid and external maxillary ; it first runs obliquely upwwds 
and medialwards to the greater coiiiu of the hyoid bone ; it then curves 
downwards and forwards, forming a loop which is crossed by the hypoglossal 
nerve, and passing beneath the Digastricus and Stylohyoideus, it runs hori- 
zontally forwards, beneath the Hyoglossus, and finally, ascending almost 
perpendicularly to the tongue, it turns forwards on its lower surface as far 
as the tip. 

Relatiomi. — Its first portion is superficial, and is contained within the carotid 
triangle ; it rests upon the Constrictor pharyngis medius, and is covered by the 
Platysma and the, fascia of the neck. Its second portion also lies upon the 
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Cotistticior pliaryngb mediuB, being covered at first by the tendon of the Digaetricus 
and by the Stylohyoideus, and afterwards by the Hyoglossus. Its third portion 
lies between the Hyoglossus and Genioglossus. The fourth or terminal part, 
under the name of the artei'm profwiida Ung\i(B (ranine artery), runs along the 
inferior surface of the tongue to its tip, covered only by the mucous membrane^; 
above it is the Longitudinalis inferior, and medial to it the Genioglossus» The 
hypoglossalljfcrve crosses the first part of the Ungual artery, but is separated from 
the second par^ by the Hyoglossus. 

The branches of the lingual artciy are ; 

Hyoid. Sublingual. 

Rami dorsales linguae. A. profunda linguae. 

The hyoid branch runs along the upper border of the hyoid bone, supplying the 
mu6cle.s attached to it and anastomosing with its fellow of the opposite side. 

The rami dorsales linguae consist usually of two or three small branches ; they 
arise beneath the Hyoglossus, ascend to the posterior part of the dorsum of the 
tongue, and supply Us mucous membrane, the glossopalatine arch, the tonsil, soft 
palate, and epiglottis ; they aiuistomose with the vessels of the opposite side. 

The sublingual artery arises at the anterior margin of the Hyoglossus, and 
runs forward between the Genioglossus and Mylohyoideus to the sublingual gland. 
It supplies the gland and gives branches to the Mylohyoideus and neighbouring 
muscles, and, to the mucous membrane of the mouth and gums. One branch 
runs behind the alveolar part of the mandible in the substance of the gum to 
anastomose with a similar artery from the other side ; another pierces the 
Mylohyoideus and anastomoses with the submental branch of the external maxillary 
artery. 

The arteria profunda linguae (ranine artery) is the terminal pojtion of th(i lingual 
artery ; it pursues a tortuous course and runs along the under surface of the toDgue 
at the side of the frenulum linguae, below the Longitudinalis inferior, and above 
the mucous raembraue ; it lies on the lateral side of the Genioglossus, accompanied 
by the lingual nerve. 

Applied Anatomy . — The h’ngual artery is not infrequently divided near its origin in 
cases of cut throat; while severe hcemorrhage, which cannot be restrained by ordinary 
means, may ensue from a wound, or deep ulcer, of the tongue. In the former case, the 
primary wound may be enlarged if necessary, and the bleeding vchscI secured; in the 
latter, it Las been suggested that the lingual artery should be tied Jiear its origin. 

Ligature, of the lingual ortory has been pr xetised occasionally as a preliminary measure 
to reinov(d of the tongue. The op .i dion is a difficult one on account of the depth of the 
artery, the number of important parts by which it is surrounded, and its occasional 
irregularity of origin. An *ncision is w> be made in a curved direction from a finger’s 
breadth behind the symphysis menti downwards to the cornn of the hyoid bone, and then 
upwards to near the angle of the mandible. Care must be taken not to cajry this incision 
too far backwards, for fear of endangering the anterior facial vein. In the first incision 
the skin, superficial fascia, and Platysma will bo divided, and the deep fascia displayed. 
This is then to be incised and the subniaxillary gland exposed and pulled Upwards. A 
triangular space is now' scon, bounded in front by the posterior border of the Mylo- 
hyoideus, below and behind by the tendon of the Digastricus, and above by the hypo- 
glossal nerve. The floor of the space is formed by th») Hyoglossus, beneath which the 
artery lies. The parts are to bo dra^vn forwards by a blunt hook inserted beneath the 
teudoii of the Higastrieus, and the fibres of the Hyoglossus cut through horizontally just 
above the Digastricus. The artery will then be exposed ; and in passing the aneurysm 
needle, care must bo taken not t«> open the pharynx. Tho hypoglossal nerve must also 
be avoided. 

Troublesome hicmorrliago may occur in the division of tho frenulum lingnss in children, 
if the aa, profunda linguae, which lie one on either side of it, be wound^,*' ;Tbe opera- 
tion should always be performed with a pair of blunt-pointed scissors, an4 the mucous 
membrane alone divided by a very superficial cut, wfiich cannot endanger any vessel. 
Any further liberation of the tongue which may be necessary can be effected by tearing. 

4. The external maxillary artery (facial artery) (fig. 617) arises in the 
carotid triangle a little above the lingual affery, and sheltered by the ramus of 
the mandible, passes obliquely up beneath the Digastricus and Stylphyoideus, 
over which it arches to enter a groove on the posterior border <rf the sub- 
maxillary gland. It then curv^ upwards over the body of ,thb haajodible at 
the anteroinferior angle of the Masseter ; passes forwards and upwards across 
the cheek to the angle of the mouthy then ascends along the side of the nose> 
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aud ends at the medial palmbral commissure, under the name of the angulur 
artery. The external maxillary artery is reiharkably tortuous : in the neck 
to accommodate itself to the movements of the pharynx during deglutition, 
and on the face to the movements of the mandible, lips, and cheeks. 

Belation8.~Zn the neck, its origin is superficial, being covered by the integument, 
Plat3rsma, and fascia ; it then passes beneath the Digastricus and Stylohyoideus. 
muscles and part of the submaxijllary gland, and frequently beneath the hypoglossal 
nerve. It lies upon the Constrictores pharyngis medius and superior, the latter 
of which separates it, at the summit of its arch, from the lower and posterior part 
of the tonsil. On the face, where it passes over the body of the mandible, it is 

Fig, 617. — The arteries of the face and scalp. 



comparatively superficial, lying immediately beneath the Vlatysma. In its course 
over the face, it is coverv^d by the integumont,^^5|8l![* fat of the cheek, ami, near the 
angle of thft mouth, by the PJatysma, Risorraf", and Zygoinaticus. It rests on 
the Buccinator and Caninus, and passes cither over or under the infraorbital head 
of the Quad^us labii suiKjrioris. The anterior facial vein lies posterior to tlie 
artery, and takes a more direct course across the face, where it is sepHiattni from 
the artery by a considerable interval ; in the neck it lies superficial to the artery. 
The branches of the bwiial nerve cross the artery fronx behind forwards. 

The branches of the external maxillary artery may be divided into two 
sets : those given off in the neck (cervical), and those on the face (facial). 


Cervical branches. 
Asoepdiiag jmlatide. 
TonsiOar. 

SubmontaL 


Facial bramfies. 
Inferior labial. 
Superior labial. 
Lateral nasal. 
Angular. 
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The ascending nabtine artery (fig. 621) arises close to the origin of the external 
maxillary artery and passes up between the Styloglossus and Stylopharyngeus 
to the side of the pharynx, along which it is continued between the Constrictor 
pharyngis superior and the Pterygoid eus interous towards the base of the skull. 
Near the Levator veli palatini it divides into two branches : one follows the course 
of this muscle, and, winding over the upper border of the Constrictor pharyngis 
superior, st^plies the soft jjalate and the palatine glands, anastomosing with its 
fellow of the o^j^osite side and with the descending palatino branch of the internal 
maxillary artery ; the otlier pierces the Constrictor pharyngis silperior and supplies 
the palatine tonsil and auditory tube, anastomosing with the tonsillar and ascending 
pharyngeal arteries. 

The tonsillar branch (fig. 621) ascends between the Pterygoideus internus and 
Styloglossus, and then along the side of the pharynx ; it perforates the Constrictor 
pharyngis supei ior and ramifies in the palatine tonsil and root of the tongue. 

The glandular branches are three or four large vessels, which supply the 
subinaxillary gland, the neighbouring muscles, the submaxillary lymph-glands, 
and the skin. 

The submental artery, the largest of the cervical branches, 'springs from the 
external maxillary artery just as that vessel qmts the submaxillary gland : it runs 
forwards upon the Mylohyoideus, below the body of the mandible, and beneath 
the Digastricus. It supplies the surrounding muscles, and anastomoses with the 
sublingual artery and with the mylohyoid branch of the inferior alveolar ; at the 
chin it turns upwards ovo. the inferior border of the mandible and divides into 
a superficial and a deep branch. The superficial branch passes between the integu- 
ment and Qiiadratus labii inferioris, and anastomoses with the inferior labial artery ; 
the deep branch runs between the muscle and the bone, supplies the lip, and 
anastomoses with the inferior labial and Lxem^al arteries. 

The inferior labial artery (inferior coronary artery) arises near the angle of 
the mouth ; it passes upwards and forwaras beneath the Triangularis, and, pene- 
trating the Orbicularis oris, runs in a tortu^ course along the edge of the lower lip 
between this muscle and the mucous memorai It supplies the glands, mucous 
membrane and muscles of the lower lip ; and anastomoses with the artery of the 
opposite side, gnd with the mental branch of ^-he inferior alveolar artery. 

The superior labial artery (superior c. .oijary arte^) is larger and more 
tortuous than the inferior. It follows a similar course along the edge of the upper 
lip, lying between the mucous membrane and the Orbicularis oris, and anastomoses 
with the artery of the opp side, it supplies the upper lip, and gives ofi a 
septal branch wliich ramifies on the nasal septum as far as the point of the nose, and an 
alar branch v’ ich supplier the ala of tii6 nosj. 

The lateral nasal branch is derived from the external maxillary as that vessel 
ascends along the side of the nose. It supplies the ala and dorsum of the nose, 
anastomosing with its fellow, with the septal and alar branches, with the dorsd 
nasal branch of tht ophthalmic, and with the Infraorbital branch of the internal 
maxillary. 

The angular artery is the terminal part of the external maxillary ; it ascends 
to the medial angle of the orbit, imbedded in the fibres of the angular head of the 
Quadratus labii superioris, and accompanied by the angular vein. On the cheek 
it anastomoses with the infraorbital, and, after supplying the lacrimal sac and 
Orbicularis oculi, ends by anast^osing with the dorsal nasal branch of the 
ophthalmic artery. S p 

The anastomoses of the exteriwu maxillary artery are very numerons^ not only 
wth the branches of the vessel of the opposite side, but, in the neck, yr^h the sub- 
lingual branch of the lingual, with the ascending pharyngeal, and witihiilijic palatine 
branch of the internal maxillary ; on the face, with the mental branch of the inferior 
alveolar, the transverse facial branch of the superficial temporid, the infr^rbit^^ 
branch of the internal maxillary, and the dorsal nasal branch of the ophthalmic. . 

Peculiariiiea . — The external maxillary artery not infrequently arises in common with 
the lingual. It varies in its size and in the extent to v^ch it s^jmUee.tibe face; it 
occasionally onds as the submental, and not infrequently, high as the 

ang^e of the mouth or nose. The deficiency is then compehsated W of 

one of the neighbouring arteries. : ' 

Applied Anatomy.-rr-Jlhe p^age of the external mi^arir ajrter|;pvsi;;fiib tlbbdy of 
the mandible Would app^ to a&ord a jfayouhiblie posiridn for UiC hppPfmm , 
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m oases of hemorrhage from the lips ; but such appUcation is useless, except for a very 
short time, on account of the free communication of the artery with its follow, and with 
ni^orous branches from different sources. In a wopnd involving the lip, it is better to 
seize the jjart between the fmgers, and evert it, when the bleeding vessel may be at once 
secured with pressure^forceps. In order to prevent hsemorrhage during the removal of 
gro^vtns from the lip, the latter should bexiompressed on cither side between the fingers 
and thumb, or by a pair of specially devised clamp-forceps, while the surgeon exciaefe the 
diseased part. Ih order to Stop hcemorrhago when the lip hns been divided in an opera- 
. tion, it is necessary, when closing the wound, to pass the sutures through the cut edges, 
almost as deep as its mucous surface ; by these means, not only are the cut surfaces more 
neatly and securely adapted to each other, hut the possibility of haanorrhage is p-eveijted 
by including the divided artery in the suture. If, on the contrary, the suture be passed 
through merely the cutaneous portion of the wound , temorrhage occurs into the cavity 
of the mouth. The student should observe that the angular artery ascends on the nasal 
side of the lacrimal sac; in operating for fistula lacrimalis, the sac should always be 
opened on its lateral side, in order to avoid this vessel. 


®rfl^Thc occipital artery (fig. 617) arises from ;yie pj:>s1bjonpr part . qf .the ^ 
, carotid, opposite the. external maxillary arte^ 3 ^ and near the lower , 
margin of the posterior belly of the Digastriens ; it ends in the posterior part 
of the scalp. 

Relations.-- At its origin, it is covered by the posterior belly of the Digastricus 
and the Stylohyoideus, and the hypoglo sal nerve winds round it from behind 
forwards : higher up, it crosses the internal carotid artery, the internal jugular 
vein, and the vagus and accessory nerves. It next ascends along the lower border 
of the posterior belly of the Digastric to the interval between the transverse process 
of the atlas and the mastoid pro^.v^ss of temporal hone, and passes horizontally 
backwards, grooving the surface rf 'he 'a.,ter bone, being covered by the Sterno- 
cleidomastoideus, Splenius capitie^ Ijonglspimiis capitis, and Digastricus, and resting 
upon the Rectus capitis lateralis, Oblio” 's superior, and Seraispinalis capitis. It 
then runs vertically upwards, })ierces ascia connecting the cranial attachment 
of the Trapezius with the SteriiocHdomastoidcus, and ascends in a tortuous course 
in the superficial fascia of the scalp, where it divides into numerous branches. 
Its terminal portion is accompanied by the greater occipital nerve. <>yn. 

The branches of the occipital ai*tcry are : 

Sternocleidomastoid. Auricular. Meningeal, | 

Mastoid. Muscular (ramus de^cendens). Occipital. 1 


The sternocleidomastoid branch generally arises iiom the beginning of the occipital 
artery, but sometimes springs directly from the external carotid. It passes down- 
wards and backwards over the hypoglossal nerve, and enters the substance of the 
Stemocleidomastoideus, in company with the accessory nerve ; it anastomoses 
with the sternocleidomastoid branch of the superior thyreoid artery. 

The mastoid branch, small in size and sometimes absent, eni- ^s the cranial 
cavity through the mastoid foramen ; it gives branches to th<i mastoid cells and 
dura mater and anastomoses with the middle meningeal artery. 

The anricnlar branch supplies the back of the concha and anastomoses with 
the posterior auricular artery. 

Muscular branches are supplied to the Digastricus, Stylohyoideus, Splenius, and 
Longissimus capitis.' A large vessel, named tlie ramus descendens (arteria princeps 
cervicis) (fig. 621), runs downwards on the back of the neck, and divides into a 
superficial an4a deep portion. The superficial portion passes beneath the Splenius, 
giving ofit^^hes which pierce that muscle to supply the Trapezius and anastomose 
with the branch of the transverse cervical artery ; the deep portion 

descends hett^n the Semlapinales capitis apd colli, and anastomoses with the 
vertebral the artena profunda cendcalis, a branch of the costocervical 

tru^. . in establishing the cpljateral 

ciiGulatii^^SIEeriigature 6i the cbmiuon carotid or subclavian artery. 

internal jugular vein, and enter the 
skull through' the jugular foramen and condyloid canal; to supply the dura mater 
in the posteidorlcesa; , f * 

the ternunal branches, are disthbuted to the scalps and 
reach as high skufl ; they are very tortuous, and he between 

the skill "^ith the artery of the opposite side 

wfth troppyal arteries, and supplying the Occipitalis, 
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iSbA skiti, and Pne of a 

.lOeningeal thiougli'^^^ 

; 6. The ^auricular artcrv (fig. 617J 19 amall and 

external iinmediately aboy^ wie J?iga^ It 

ascends, nnaef ^over of the parotid gland, on the sty loia process c® the t^por^ 
boiie, to groove between the cartilage of the. aurictdia ai^ the xhastbhi 
process,. )Wher6T^‘ divides into auricular and occipital branch A. ‘ , 

In addition to supplying small branches to the.'DigBetric,u8) Stylohyoideus, 
Stemocleidomastoidc^us, and parotid gland, this Vessel gives off the three 
following branches : ‘ * 

Stylomastoid. Auricular. Occipitisd. 

The stylomastoid artery enters the stylomastoid foramen and supplies the 

a anic cavity, the tympanic antrum, the mastoid cells, and the semicircular 
B. In the young subject a branch from this vessel foims^ with the anterior 
tympanic artery from the internal maxillary, a vascular cinde which surrounds 
and supplies small vessels to the tympanic membrane. It apsstomoses with the 
superficial petrosal branch of the middle meningeal artery by a twig which enters 
the hiatus canalis facialis. 

The auricular branch ascends beneath the Auricularis posterior, and ramifies 
on the back of the auricula ; some of its branches curve round the margin of the 
auricula and others pierce it, to supply its lateral surface. It toastomoses with 
the parietal and anterior auricular branches of the superficial temporal artery. 

The occipital branch passes backwards over the Stemocleidomastoideus to 
the Occipitalis muscle and the scalp above and behind the ear ; it anastomoses 
with the occipital artery. 

7. The superficial temporal artery (fig. 617), the smaller terminal 
branch of the external carotid, begns in^JtbP gland, 

behind the neck of the mandible, and crosses over the postenor rc^t of the 
zygomatic process of the temporal bone ; about 6 cm. above this process it 
divides into a frontal and a parietal branch. 

Relations. — ^As it crosst^s the zygomatic process, it is covered by the Auricu- 
laris anterior muscle, and by a dense fascia ; it is crossed by the temporal and 
zygomatic branches of the facial nerve and is accompanied by t^e auriculotemporal 
nerve, which lies immediately behind it. 

It supplies some twigs to tlie parotid gland, the temporomandibular j[oint, and 
the Masseter muscle, and gives oil ebe foUowing branches : 


Transverse facial.* ZygomaticO-orbital.^ 

Anterior auricular. Imddle temporal. 


The transverse llEicial artery is givou off from the superMal temporal. b^^re 
that vessel quits the parotid gland ; it runs forwards tmough the substance of 
the gland, passes transversely across the side of the face between the pc^tid ducit - 
and the lower border of the zygomatic arch and divides into numeaKip bqrahclieia . 
which supply the parotid gland and duct, the Masseter, and the. integument, and 
anastomose with the external maxillary, masseteric, buccinator, and, infraorbitfld 
arteries. This vessel rests on the Masseter, and is, acobmpanied by'^ofte or two 
branches of tne facial nerve. 


The anterior aunoular teanches are distributed to the lobul^ and a^^or portion 
of the auricula, and to the external meatus ; they anastomose 
auriculaj artery. ^ 

The sygomattco*Qrbital artenr* soxnetimes a braiudi of ^the mid^ temt>oral 


- uiAlle teppoiiA 

.sad, j^ierfonitwg'ihe teiiil}i;a^ fiUM^s’, 
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on frontal, enives upwards and backwards . 

W the of tbe feadiijthjt stt|>etficiaay to the teiBjwral fascia, and anastomosing 
^ c^poate side, and with the posterioir almpular and oocipitid 

u ilna^»^y»^A8 the superficial temporal artery crosses the zygomatic process, 

and fascia, and its^. puUations may be readilffelt dSX 
admmistra^on of an anwsthetio, or under circumstances where the radial pulse is not 
available; it maj^ be ea^ly compressed against the bone in order to check bleeding from 

When a flap is raised from this part of the bead, for " 
trepliimng, the incision shouj^d be shaped like a horseshoe, with its convexity upwards., so 
that the shall contain the superficial temporal artery, which ensures a sufficient 

L. mallllaiT arteiy («gs. 618, 619), the biga terminal 

branch of the extOTnal carotid, arises behind the neck of the mandible, and 
IS at first imbedded in the substance of the parotid gland ; it passes forwards 
between the ramus of the mandible and the sphenomandibular ligament, and * 
thOT rans, either superficial or deep to tbe Pterygoideus oxtemus, to the pterygo- 
palatme fossa. It; may bo divided into mandibular, pterygoi^, and pterygo- 


The firM or nuindjimlar portion passes horizontally forwards, between the 
ramus of. the mandible and the sphenomandibular ligament, where it lies 
paiallel to and a little below tho auriculotemporal nerve ; it crosses the inferior 
alveolar nerve', and runs along the lower border of the Pterygoideus extemus. 

The second or pterygoid portion runs obliquely forwards and upwards under 
coyer of tho ramus of the mandible and the insertion of the Temporalis, suror- 
ficially to the lower head of the Pterygoideus externus ; very frequently it lies 
beneath this muscle between it and tho branches of tho mandibular nerve. 

The <Atfd or pterygopaUUine portion passes between tho two heads of the 
Pterygoideus extemus, and through the pterygomaxillary fissure into the 
pterygopalatine fossa, where it lies in front of the sphenopalatine ga-ngUnn 
The branches of tho vessel may he divided into three groups (fig, 619) 
corresponding with its three portions. ’ 


BbANOHSS ok TEB.PiBST OB MaKD3ITLAU PoBTION 

Anterior tympanic. Middle meningeal 

peep auricular. Accessory meningeal 

Inferior alveolar. 


The. anterior tympamc artery ascends behind the temporomandibular joint, 
and enters the tympanic cavity through the petrotympanic fissure ; it ramifies 
upon ^ tympanic membrane, forming a vascular circle around it with the stylo- 
nuwtoid brawh of the posterior auricular ; it anastemoses with the artery of 
the pterygoid capal and with the caroticotympanic branch from the internal 
carptidv 

The d6ep:aiirioiiIar artery often arises in common with the anterior tympanic. 
It ascends in the substance of the parotid gland, behind the tcnipoibmandibular 
pointy piejee^ car^ginous or bony wall of the external acoustic meatus, and 
: i surface of the tympanic membrane ; it 
i tx> the temporomandibular joint. 

^ artery is the largest of the menmgeal arteries, It’aseends 

iO&iandibqUi ligament and the Pterygoideus extemus and between 
^l^: .lwp^ EpQft$tiff aittrieulotemponfi nerv« to the foramen spinosum of tlDe 
I th^t^ which it;«iBtei» the mnial eavity ; it then runs forwariU- 
- Mdhg of the sphmoidal hone, and cuvides into two htaaeheB 

the larger, crosses tibe ffwb w£ug 
|^e''gco.^eV '0?' ni the epheu^l^ldal .angle oj the-pariejM' 
ii^h spread out between the dw» Aiaf»r. 

Sfertor curvee-hoi^t ;; 
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Fio. 619. — riiifi of branches of internal maxillary artery. 
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viraupra^ve'aiar 
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Inferior 

alveolar 


Mylohyoid 


of the middle raenmge«l atteiy anastomoBe with the arteries e| 

a)od with the anterior and posterior meoiogeal arteries. . “ 

The middle meningenl giVe$ .<^'riie following Inandiee wUihinJ^'dtsi^^ 

1. N«B>er6u8 aaiATi ganglimk braneh»$ supply (he semihinar 
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the trigeminal nerve. 2. A Mperficial pettoBa^' bntush enters the hiatus of the facial 
canal, gives twigs Jbo the facial nerve and tympanic cavity, and anastomoses with the 
stylomastoid branch of the posterior auricular artery. 8. A superior iymp<tnic axtety 
runs in the semicanal for the Tensor tympani, and supplies this mnsde and the lining 
membrane of the canal. 4. Orbital branches pass through the superior orbital fissure 
and anastomose with the lacrimal or other branches of the ophthalmic artery. 
5. Temporal branches pass through foramina in the groat wing of the sphenoid, and 
anastomose .in the temporal fossa with the deep temporal arteries. 

Applied Anatomy . — The middle meningeal artery is of considerable surgical impor- 
tance, as it may be torn in fractures of tho temporal region of tlie skull, or, indeed, by 
injuries causing separation of tho dura mater from the bone without fracture. The injury 
may be followed by considerable htemorrhage between the bone and dura mater, which 
produces symptoms of compression of the brain, and requires trephining for its relief. 
As the compression implicates tho motor region of the cortex, paralysis on the opposite 
side of the body forms the prominent sjmptom of the lesion. Tho anterior branch of 
this artery crosses the sphenoidal angle of the parietal bone at a point 4 cm. behind the 
zygomatic process of tho frontal bone, and 4*5 cm. above the zygomatic arch. From this 
point it passes upwards and slightly backwards to the sagittal suture, lying about 1*26 to 
2 cm. behind the coronal suture. The posterior branch runs backwards over the squama 
of the teinporal bone. In order to expose the anterior brafltth of the artery, n point is 
taken 4 cm. above the zygomatic arch and the same distance behind tho zygomatic process 
of the frontal bone. llcre the pin of the trephine is to bo applied. A horscshoe-shapod 
flap, measuring 8 cm. in length and transversely, and consisting of all the structures of 
the scal^down to and including the pericranium, is first made, with its base just above 
the zygomatic arch. This flap is rofleoted and a 2*5 crn. trephine applied. After the 
circle of bono has been removed, the blood-clot is exposed, and gently got rid of, and if 
possible the bleeding point must be found and controlled. 

The accessory meningeal branch may arise from the internal maxillary or the 
middle meningeal artery. It enters the cranial cavity through the foramen ovale, 
and supplies the semilunar ganglion and dura mater. 

The inferior alveolar artery (inferior dental artery) descends with the inferior 
alveolar nerve to the mandibular foramen on the medial surface of the ramus of 
the mandible. It runs in the mandibular canal, accompanied by the inferior 
alveolar nerve, and, opposite the first premolar tooth, divides into two brandies, 
iucisor and mental. The incisor branch is continued forwards beneath the incisor 
teeth as far as the middle line, where it anastomoses with the artery of the opposite 
side ; the inferior alveolar artery and its incisor branch give off a few twigs to the 
mandible, and a series of branches which correspond in number to the roots of the 
teeth ; these enter the minute apertures at the cxtremitie.s of the roots, and su|fply 
the pulp of the teeth. The mental branch escapes at the mental foiaraen, supplies 
the chin,, and anastomoses with the submental and inferior labial arteries. Near 
its origin the inferior alveolar artery gives off a lingual branch which descends with 
the lingual nerve and supplies the mucous membramj of the moutli. Before the 
inferior alveolar artery enters the mandibular foramen, it gives off a mylohyoid 
branch which runs in the mylohyoid groove with the mylohyoid nerve, and ramifies 
on the under surface of the Mylohyoideus. 


Bbanches of the Second ob Ptebygoid Pobtion 

Deep temporal. Masseteric. 

^ Pterygoid. Buccinator. 

f ' 

The dMp temporal branebes, an anterior and a posterior, ascend between the 
Temporalis , ffit^d the pericranium ; they supply the muscle, and anastomose with 
the middle temporal artery ; the anterior communicates with the lacrimal artefy 
by means of small branches whicli perforate the zygomatic bone and great wing 


Tjb« bnuiolMS. irregular in their number and origin, supply the 

Pterygoioei/ 

The UMery is small and passes with the ma^teric nerve through 

the mandtbiii^jFi^iikoti^ ^hind tendon of the TemporaUs muscle to the deep 
BUiface .^ the^li^issetei., It.supj^ies the Masseter musole, and anastomose wiw 

mctcihal maxillwty and with the transverse faciail^ 
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The bodofauitor email and ruhs obliqj^y ioriimxde 1^1^ 

xi6rve, betwed|%be Ptei^goideus intemus and Sw l^ertiba of 'ikfi T^inporilw, to 
the outer suifacit of the Buccinator muscle, to which it is dietribotcd, anastomosing 
with branches of the external maxillary and with the rnfraonhitah 


BBAifcmES or the Third oh I^sirygopalatinb Pobki^ 

Posterior superior alveolar. Artery of the pterygoid cihal. 

Infraorbital. Pharyngeal. ^ 

Descending palatine. Sphenopalatine. 


The posterior superior alveolar artery (posterior dental artery) is riven off 
from the internal maxillary as that vessel enters the pterygopalatine mraa ; it 
frequently arises in conjunction with the infraorbital artery, , Descending npon 
the infratemporal surface of the maxilla, it divides into numerous branches, some 
of which enter the alveolar canals^to supply the molar and premolar teethe a nd 
. the lining of the maxillary siniMj^whue others are continued forwards on thealveolar 
process to supply the ^UM^V * 

The infraorbital iff®/ often arises in conjunction with the posterior 
superior alveolar. It runs along the infraorbital groove and canal with the infra- 
orbital nerve, and emerges with the nerve on the face through the ihftaorbital 
foramen, beneath the infraorbital head of the Quadratus labii superioris. While in 
the canal, it gives off (a) orbital branches wUch assist in supplying the JSectus 
inferior and Obliquus inieri<u^ and.thelacrixnalaac> and (b) anterior superiof alveolar 
ESTncEes wKch descend through th« anterior alveolar cana ls to supply the up^ r 
incisor and canine teeth and the mucp^, ^^ni!eiCLbranfi. 

tKe*7ace75Sine nieSial angle of the orbit and the lacrimal sac, 

anastomosing with the angular branch of the external maxillary artery ; others 
towards the nose, anastomosing with the dorsal nasal branch of the ophthalmic ; 
and others descend between the Quadratus labii superioris and the Caninus, and 
anastomose with the external nlaxiUary, transverse facial, and buccinator arteries. 

The remaining branches < rthe internal maxillary artery arise from that portion 
of the artery which is contained in the pterygopalatine fossa. 

The descending palatine artery descends through the pteijrghpalatine canal 
with the anterior palatine branch of the. sphenopalatine ganglion, .and gives off 
two or three srmUer palatine arteries wliich are transmitted through ,1/jhe lesser 
palatine can^ to , supp l y the sofu ^palate, and pala rine tonsil, an d, to^m^ tstomose 
with the ascending pafalJn^ Se ccmtmualSon^^ feSSSPS touted 

the greater palatine artenf ; it emerges qn the oral surface of the palaj^^l^imh 
the greater palatine foramen, nins forwards in a grooye the alv^d^bbrn^w 
of the hard palate to the incisive canal ; its terminal branch passes upwm!^j&roug|i 
this canal, and anastomoses with a branch of the sphenopalatine 
Branches are distributed to the gums, tfee palatine rianda>.aadtheJnucQi^ff^m 


Applied Anatomy, — The position of the descending 
should be borne in mind in performing an operation to 


palatine artery on the ] 

^ ^ , Jor the <?losure of a cleft:in ^ , 

palate, as it is in danger of being wounded, and may give rise to formidable bfi^oil^hag 
it has even been found necessary to plug the pterygopalatine canal in^ordor to arrest 
tlie bleeding. » 


■ ■ . . • . 
' ' ' , ' ' ' / 

The artery of the ptersnsoid canal (Vidian artery)^ fiwquently a bfaiich^f 
descending palatine artery, pasm backwards alpx^ the ]^rygQid 
.corresponding nerve.. It is distributed to the 
^ I spnds into thl!^\,tj!inpai4<5. bavi^ ft 

" wiSlftlie - * " “ 


- itomosea wiSTthe other tyntpanio arteries- 
The iharyngeid branch is very driiatt $'. 
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TRIAirntB OF rtfiE NECK M 

meaittis. Hete it |;iyeB oSt it« poHerior ktUrdl naM 
brao^^ the^oxMshiaaad nieatuaes, anaistomose with the ethmoidal 

aifid the. &a|s^l»aziches of the deeoeudii^ palatihe, and assist in supplying 
<|thm9id^.> md sphenoidel imU 8es» Crossing the under 
sunace 01 iH^8p|(enoidm bone^ the spnehoj^aHiiu'ui^^ on the nasal septum 
as the^pdetefipriri^imZ branches, which anastomose with the ethmoidal arteries and 
the septal bra^h of the superior labial ; one branch descends in a groove on the 
Tomer to l^e imdsive canal and anastomoses with the terminal ascending branch 
of the ^hter palai^e artery. 


. The Twangles of the Neck (fig. 620) 

Th^ side of the neck prWents a somewhat quadrilateral outline, limited, 
above, by the lower border of the body of the mandible, and a line drawn 
from the angle of the mandible to the mastoid process ; bdow, by the upper 
border of the clavicle ; in front, by the middle line of the neck ; behind, by 
the anterior margin of the Trapezius. This space is sub(hvided by the Stemo- 
cleidomastoideus, which passes obliqudiy across the neck, from the sternum 
and clSrViole below, to the mastoid process and occipital bone above. The 
area in ^front of this muscle is called the anterior triangle of the neck ; that 
behind it, the poeterior triangle. 


Akteriob Triangle of the Neok 

The anterior triang^le of the neck is bounded anteriorly by the middle line 
of the^^jaeck, posteriorly, by the anterior margm of the Stemocleidomastoideus ; 


Fio. 620. — Tho triangles of the neck. 
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The muscular, or inferior carotid, triangle ie bounded, in front, ^ ^ 
the median line of the neck from the hyoid bone to the sternum ; behind, 
by the anterior margin of the Sternocleidomastoideus ; above, by the superior 
belly of the Omohyoideus. It is covered by'the skin, superficial fascia, Platysma 
and deep fasoioj^ramifying in which are some of the branches of the cutaneous 
cervical and ^uprgtflavicular nerves. Beneath these superficial structures 
are the Sternohyoideus and Sternothyreoideus, which, together with the 
anterior margin of the Sternocleidomastoideus, conceal the lower part' of 
the carotid sheath and its contents. Tn front of the sheath are a few descending 
filaments from the ansa hypoglossi ; behind the sheath are the inferior thyreoid 
artery, the rccuiTent nerve, and the sympathetic trunk ; and on its medial 
side, the oesophagus, the trachea, the thyreoid gland, and the lower part 
of the larynx. 

The carotid triangle is limited, behind, by the Sternocleidomastoideus ; 
below, by the .superior belly of the Omohyoideus ; and above, by the Stylo- 
hyoidous and the posterior belly of the JDigastricus. It is covered by the 
skin, superficial fascia, Platysma, and deep fascia, ramifying in which are 
branches of the facial and the cutaneous cervical nerves. Its floor is formed 
by parts of the Thyreohyoideus, Hyoglossus, and the Constrictores pharyngis 
medius and inferior. When this space is dissected it is seen to contain the 
upper part of the common carotid artery, which bifurcates opposite the superior 
border of the thyreoid cartilage into the external and internal carotid arteries. 
These vessels are somewhat concealed frr'n view by the anterior margin of 
the Sternocleidomastoideus, which overi* them. The external and internal 
carotid arteries lie side by side, the ex ^lal being the more anterior. The 
following branches of the external carotid artery are also met with : the superior 
thyreoid, running forwards and downwards ; the lingual, directly forwards ; 
the external maxillary, forwards and upwards ; the occipital, backwards ; 
and the ascending ])haryngea], dircHJtly Howards on the medial side of the 
intenial carotid. The veins met with a the internal jugular, which lies 
on the latei^l! side of the common and vernal carotid arteries ; and veins 
corresponding to the above mentioned branches of the external carotid artery 
— viz. the superior thyreoid, the lingual, common facial, ascenrjing pharyngeal, 
and sometimes the occipital — all of which, end in the internal jugular vein. 
The nerves are the following. In front of the sheath of the common carotid 
artery is the ramus desccTideiis hypoglossi. The hypoglossal nerve crosses 
both the internal and external carotid arteries, curving round the origin of 
the occipital artery. Within the shcaih, between the common carotid artery 
and the internal jugular vein, and behind both, is the vagus nerve ; behind 
the sheath, the sympathetic trmk. The accessory nerve descends for a short 
distance on the lateral side of the vessels before it pierces the Sternocleido- 
inastoideus ; and on the medial side of the external carotid artery, just belowr 
the hyoid bone, may bo seen the internal branch of the superior laryngeal 
nerve ; and, still more inferiorly, the external branch of the same nerve. The 
upper portion of the larynx and lower portion of the pharynx are also found 
in the anterior part of this triangle. 

The submaxillaiy, or digastric, triangle is bounded, above, by the 
lower border of the body ot the mandible, and a line drawn from its angle 
to the mastoid process ; below, by the posterior belly of the Pigastrious and 
the Stylohyoideus ; in front, by" the anterior belly of the Pigastrious. It 
is covered by the skin, superficial fascia, Platysma; and deep fascia, ramttying 
in which are branches of the facial and cuitaneous cervical nerves. " Its floor 
is formed by the Mylohyoideus, Hyoglossus, and Constriotdr pharyngis supMor* 
It is divided into an anterior and a posterior part by »tbe stylomanmbukr 
ligament. The anterior part contains the submaxillary glapd, stiperfleied 
to which is the anterior facial vein, while, imbedded in a groove on the pOstei^ 
border of the gland is the external mamUary artery ; beneath the gland, on 
the surface of the Mylohyoideus, are the submental artery and the mylbhy<rid 
artery and nerve. The posterior part of this triangle obnta^ns exte^hat 
carotid artery, which ascends deeply in the suManee df thd 
in this triangle the external earo^ elrtCii^ is in Iront^ ; 

^the internal carotid artery, aind is; crossed by the facial hetye V ^ 
bohri^ the posterior auricular,, sup^eial and 
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% k«t 4.k^^ f t!te extevnal oirotid artopv 


PoSTUWOIl TbIANOLB OB THOB NkCSK 

m pos^of Wangle of the neck is bounded, in front, by the Stemo- 
.clndom^toide^ ; Iwhuid, by the anterior margin of the Trapezius ; its base 
18 formed by the'uuddle thud of the clavicle ; its apex is at the occipital bone 
rru 1 ® oi the Stemocleidomastoideus and the Kapeziue. 

* crossed, about 2’6 cm, above the clavicle, by the inferuu belly 

of the Omohyoideus, which divides the triangle into an ocdintal a 
subclavian tnan^e. ^ 

Kie (Kcipital frmngle, the upper and larger division of the posterior 
mangle,, is boimded in front by the Stemocleidomastoideus ; behind, by the 
irapezms ; bdow, by the Omohyoideus. Its floor is formed from above 
do^w^s by the Splenius capitis, J^evator scapulro, and the Scaleni medins 
and TOs^or. It is covered bj the SKin, the superficial and deep fasoijB, and 
by the Platysma below. The acc .jsory nerve pierces the Stemocloidomaatoideus 
and IS directed obhquely across the space to the under surface of the Trapezius ; 
below, the supraclaviculM nerves and the transverse cervical vessels and the 
upmr part m the brachial plexus cross the space. A chain of lymph-glands 
w also found running along the posterior > >rder of the Stemocleidomastoideus, 
from the mastoid process to the root of . leok. 

. Sutelftvian triangle, tl lower uud smaller division o/?%hc posterior 
tnaime, 1 ^ TOund^, above, by afericr beUy of the Omohyoidc'^Ln ; below, 

by the clavicle its base is for .>y the lower part of tho posterior border 

of the Stemocleidomastoideus. . floor consists of the first rib and tho first 
digitation of the Serratus anterior. The size of this triangle varies with the 
extent of attachment of the clavicular portions of the Stemocleidomastoideus 
and Trapezius, and also witli the level at which the inferior belly of the Omo- 
hyoidetw crosses the neck ; this level is lowe*jd vceo tho W is raised, 
and rajsod when the arm is 'depressed. The triaii^rle 
^e sup^cial and deep fasoue, and the Platysmt 
appn^triotuar nerves. Just above th$ level of the clavi; 
of;, the 'solMsIavian artery curves lateraltrards and downwi, 
maifl^. of the Scalenus anterior, acroBB the first rib, to t 
<fiav^ vein lies behind the clavude, and is not usuaUy , 

bqt in some esses it rim as high as the artery, and has even bet ' seen to accom-' 
pahyithat vessel behind the Soalains anterior. The brachial plexus of nerves 
|iartiy above and partiiy behind the artery, and in close contact with it. 
taranOTqraely behind the blavicle are the transverse scapular vessels ; 
mi^ruiihiitg ii;ihe same 4freoti<m, but at a slightly higher level are the 
V9xm vein. Hie external jogolar vein descends behind 

^a^lhfr hoi^r.of.^ida.lStemcKileidomastoideus, t9> ;^aRniaate in the sub- 
.-frlBSOinyes ^trai^ane cervical and WiaisverBe aoapttlw 

ihe third part of the sabolavian artery,: i 
a vein wtoh crosses the clavicle fetmi : 
saaiJt he^ td Snbolavius also crosses 
, containeti within the spaefe'; 


1? 


overed by the 
rossed by the 
) f-ird portion 
' rom che lat^l 
axilla. The sub- 
.en in this space ; 
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ANOIOXiOQir 


Thisbbkal CASxmo Abtbrv 

The internal^ carotid artery (fig. 621) supplies the greater part hi the 
cerebral bemisphwe, the eye and its appendages, and s^ds branches to the, 
forehead and nose. It begins at the bifurcation of the common carotid artery. 

Fra. 621. — ^Tho internal carotid and vertebral arteries. Bight side. 


\ 



MCtmds to the base (tf the skull, and enters the. Cranial cavity tbirough ithb 
carotid canal ai the temporal bone. It then fc^ard through the oaTan^. 

sinus, lying in the carotid sulcus on the side of the body of'theMi^did^ h&ie,/: 
and ends below the antwh^^ perforated substance of the bhdn.by dividing' into 
the antertor and the nddd^.cerebral arteries. 

. The ihtonal' carotra artery may be divided, into four ' ceir^^,; ; 

'j^Pftrons, oavernpu8,.aA;>d'cerebrah '1 


m^TERNAL CAROTID ARTERY B 9 S 

Owvi^ Portioi^ — ^ThiB portion of the internal parotid artery begins at the 
bifuroation of the common carotid^ opposite the upper border of the thyreoid 
cartilage *\nd ascends in front of the transverse processes of the upper three cervical 
vertebra to the lower end of the carotid canal in the petrous portion of the temporal 
bone. It k comparatively superficial at its commencement, where it is contained 
m the carotid tria^ngle, and lies hehind and lateral to the external carotid, overlapped 
by the^ Siornocleidomastoideus, and covered by the deep fascia, Platysma, and 
skin : it then passes beneath the parotid gland, bein crossed by the hypo^ossal 
nerve, the IMga^tricus and Stylohyr^ leus, and the occipital and posterior auricular 
arteries. IjCgher up, it is separated rrom the external carotid by the Styloglossus 
and Styiopharyngeus, tip of the Si^yloid pi'ooess and the stylohyoid ligament, 
the g]os 6 opha:^Ageal jucrve and the pharyngeal branch of the vagus. It is in 
hehind, with the Longus capitis, the superior cervical ganglion of the 
sympathetic trunu, a^d the superior laryngeal nerve ; laterally, with the internal 
jugt.lar veia a d vag '•a nerve, the nerve lying on a plane posterior to the artery ; 

With the ’vnx, superior laryngeal nerve, and ascending pharyngeal 
artery. At the bp^e or the skull the glossopharyngeal, vagus, accessory, and 
?‘Vp^gI ssai nerves lie between the artery and the internal jugular vein. 

r^^troQS Portion — When t^e internal carotid artery enters the canal in the 
petrous jjortion ^ itne temporal bone, it first ascends a short distance, then curves 
ior-varc*'" and uiodialwards, and again ascends as it leaves the canal to enter the 
crainal ^.dvity between the lin^ila and petrosal process of the sphenoidal bone. The 
aitcrv ^jes ai iirst In -.out / the cochlea and tympanic cavity ; from the latter 
C'lvity « 1.- separated by a thin, bony itbrnella, which v '‘ribnform in the young 
subject r. "'d often part^^ absox’ ^d in old age. Farther torwards it is separated 
from i K .unar ganglion by a thin plate o^ ' one, which forms the floor of the 
fossa fo^ tl ^,,*^glion and the roof of the horizontr’ 'portion ot the carotid canal. 
Frcqurntly t** * . bony plate is more or loss deficient, ana then the ganglion is separated 
from the aii^r fibrous lurane. The artery ie surrounded by a number of 
small veins ai he carol* i plexus of nerv \ which i» derived from the ascending 

branch vn the • cervical ganglion c " the sympathetic trunk. 

Covemoiis Portion.— In this part uf its course, the artery is situated between 
the layers ). th^ du mater forming the cavernous sinus (fig. 022 ), but covered 
by the lining raue of the 
sinus. It at furt ascends to- 
wards the posterior clinoid pi‘o- 
cess, then passes forwards cn the 
sidejfth body of the sphci idal 
bone, and a<*''iu curves upwai'^s 
on the medi .ml of the ar" "’■ior 
clinoid proc^'^v, auc^ perfftranes 
the dura mate^ lormii, . i. 3 
of the mus ; 0( asiotjs**/ rht- 
anterior and middle clinoid pro- 
Ctfsses form a I riy ring .jund 
the artery. The cavernous por- 
rtou of the artery is surrounded 
by the cavernous plexus of the ’ 
sympathetic, ana lateral to it are 
the oculomotor, trochlear, oph- 
thalmic and abducent nerves 
/%. fi22). 

Oi^hral Portion. — ^After perfore'^mg the dura mater on the medial side of the 
itpterior efinoid process, the internal carotid passes between the optic and oculomotor 
nerves to the anterior perforated substance at the medial extremity of the lateral 
ce^^c^jta^ fissure, whom it gives bfi its terminal or cerebral branches. 

PeculiaTiiieB, ^The length of the internal carotid varies with the length of tlie neck* 
end Uttth the point of bifiiroation of the common carotid. It arises occasionally from the 
arch of ths aorta, and then Iw h * ^ found medially to the external carotid, as far upwards 
as the larynx, where it crossed md this vessel to reach its usual positidn. The course 
of tie artery, instead of being straight, may be very tortuous. A few instances are 
r^rded in which tl^ y^ael.was absent; in one of these the common carotid passed up: 
the heoi;;^ and gave efi the branches normally arising from the external carotid; the 


Fkt. 622 -Oblic^ n st '‘+’011 through the rigJit 
.vorov^s sinus. 
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portibo <>£ the iMeUifll eejrotid was replaced by W<^>rifzio1m bt th^ l&tei^ 
k^y, ^bich entered ekuU through the foramen i^twdiim and 
joined to form a flingle vessel. ; ; « , . a . 

Applied Amifipiy^-^The cervical part of the infier^ parotid i$ rcu^ wt^t^ed; 
It is, however, sometimes injured by a stab or ^imBhptrWonnd in the^he^r ^ ^Ven 
occasionally by.^^stab from within the mouth. Al^ugH the internal basotid nefs atlont 
2 cm. bomi^ahd lateral to the tonsil, instances Kdve occurred in which tbia Artery! has 
been wounded dbtnng the operation of excision of the tonsil, and fatal' h^orrhage 
supervened. Tfo incision for ligature of the cervical portion of the. internal carotid . 
should be made along the anterior border of the Stemoblei^tnastoideUB, from the^.anriA 
the mandible to the upper border of the thyreoid cartilage. I^e superficial statumii^ 
'de' - 


>1 


tissue must be carefully separated and the posterior b^Uy of the DigasiariCUB and the 
hypoglossal nerve sought as guides to the vessel. The external carptla should be draWn 
medialwards and the Digastricus upwards, and the aneurysm needle passed from 
lateral to the medial side of the vessel. 

Obstruction of the internal carotid^ by embolism or thrombosis may give rise to 
symptoms of cerebral anaBHiia and softening if the collateral circulation is ilhdeveloped. 
The patient suffers from giddiness, with failure of the mental powers; and convulsions, 
coma, or hemiplegia on the opposite side of the body, may be observed. 

Branches. — ^No branches arise from the cervical, portion of the internal 
carotid artery. Those from the other portions are : 

From the 'petrous portion 2 * 

’ 3. Cavernous. 

4. Hypophysial. 

From the cavernous portion 5. Semilunar. 


From the cavernous portion 


From the cerebral portion 


6. Anterior meningeal. 

7. Ophthalmic. 

8. Anterior cerebral. 

9. Middle cerebral. 

10. Posterior communicating. 

11. Chorioidal. 


through a foramen in the wall of the carotid canal, and anastomoses mill the anterior 
tympanic branch of the internal maxillary, and with the stylomastoid artery. 

2. A small, inconstant pterygoid branch passes into the pterygoid canal and 
anastomoses with a branch of c^he descending palatine artery. 

3. The cavernous branches aie num^ous small vessels which supply the hypo- 
physis, the semilunar ganglion, and the walk 6f the cavernous and inferior petrosal 
sinuses. Some of them anastomose with branches of the middle meningeal artery. 

4. The hypophygial branches are one or two minute vessels which supply the 

hypophysis. , . 

5. The semttnnac branches are small vessels supplying the semilunar gangUom 

6. I^e anterior meningeal branob is a minute branch which passes over the 

si^iall wing of the sphenoid to supdy the dura mater of the anterior cranial ; it 
anas^^oses wi^ the meningeal oranch from the posterior ethmd^i^ artery... 
of: The ophUiahnic artery (fig. 623) arises from the internal carotid, ^ 
tlmt vessel is emerging from the cavernous sinus on the side of ^ anterior 

clinoid process ; it enters the orbital cavity through the optic forwfen, :befe^ and 
laterally to the optic nerve. In the orbitsl cavity it runs for a short distawb latjAfeUy 
to the optic nerve and medially to the Beotus lateralis ciHap^ gai^^jpn.. 

cresses obliquely over the nerve to reach the medial wijl of the , 

passes horizontally forwards, beneath the lower border of tlm 

and divides into two terminid branches, the ahd the 

Ai^ry crosses the optic nerve it is aocomi^med by m 

^jmtated from the frontal nerve by the J^f^ctos 

superioris. ' ' ' 

The brarnches of the o^thalmiq .^i / I',, 

C^tral artmy of retina. lAing 

' '4nte|ior cUfery . . 


^ 'aw' 

retina ii Ute liYfti Atid'cme of the 8ma(lle«t brgtoohes of the 
ojphthaljjaio ruito fpi a short diste^ce within the dural sheath of the optic 

nerve, an4 1*95 era, behihd the eyeball it pierces ihe under surface of the nerves and 

iinms fdrv^afd^^A to the retinal Its mode of diatribution is described with the 

imatomy of ihe . » 

The mHinal artinif arises close to the optic foramen, and is one of the largest branches 
of the (^thaln^o artery : sometimes it is given ofi! before the ophthalmic artery enters 
the orbits occasionally it is derived from one of the anterior branches of tho middle 
meningei^l ai^ry. It accompanies the lacrimal nerve akmg the upper border of the 
'lleotuB la^rali8,<and supplies the lacrimal gland. Its terminal branches, escaping from 
the gland, are distributed to the eyelids and conjunctiva : of those supplying the eyelids, 
two are of obndtoable size and are named the lateral palpebral arteriee', they run 
medialwards in we upper and lower lids respectively and anastomose with the medial 


Fta. 628. — ^The ophthalmic artery and its branches. 

DomU nasal Medial palpebral 

.-/TVhJ ^rorUdl I Supraorbital 


Anterior ethmoidal 


PoeUrior ethmoidal^ 



MuoeuUjur 


Zygomatic branches 
^ of lacrimal 

Arteria 

centralis retinee 
Lacrimal 


Ophthalmic 


Internal carotid 


palpebral arteries* The lacrimal artery gives off one or two zygomatic branches, one 
v^hiefr passes through the zygomaticotemporal foramen to the temporal fossa, and 
anastomoses with the deep temporal arteries; another appears on the cheek through the 
zygomaticofacial foramen and anastomoses with the transverse facial. A recurrent 
tnevif^eal branch passes backwards through the lateral part of the superior orbital fissure 
to the dura miater:, and anastomoses with a branch of the middle meiungeal artery^ 

muadt^r branches frequently spring from a common trunk. They consist of a 
and an inferior group, and most of them accompany the branches of the oculo- 
nerve. superior gp^up, often wanting supplies the Levator palpete® 

ettpeiforis; Bbettts superior, ^mJol&bliquuB superior. The inferior group, more c<mstently 
psnseriti i^disfebut^ tjfe ’* 




u> rn® jnwTii ia^eraiis, medialis, and inferior, and the Obhqims 
(vea'wifi^i^dl -ttiaa^or ciliary arteries. . Additional musetflar 
lacrimal and. supraorbital arteries, or from the trunk of 


isoaimio ^ ^ j 

uOiBorp afferfii^v|j»4;,#ririble into three groups, long and short; p^tp^, ^ 
int#&^: '■ artenesj two In number, pierce the j^enor part of. 

the' i9iM mjstss^ we eritriK^Ce of the c^tic nerve, and rup^i^arj^t 

ritheir rife s(^/aad choHoid, to the ciltoy 
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substance of the iris to its pupillary margin, where they form a secor^ arteml; circle, the 
circulus arteriosua minor. The ahort poaterior ciliary afteries, from six to twelve iu 
number, arise from the ophthalmic, or its branches; thev pass forwards around the optic 
nerve to the posterior part of the eyeball, pierce the solera around the entrance of the 
nerve, and supply the chorioid coat and the ciliary processes. The anietior oiliary 
arteries are deriy^ from the muscular branches of the ophtludmio artery ; they run to the 
front of tb§;^yeball in company with the tendons of the Becti, form a vascular zone 
beneath the coi;gunctiva, and then pierce the sclera a short distance from the selero- 
corneal junction and end in the circulus arteriosus major. 

The aupraoTbital artery leaves the ophthalmic artery as that vessel crosses the optic 
nerve. It ascends on the medial borders of the Bectus superior and Levator palpebros 
superioris, and meeting the supraorbital nerve accompanies it between the periosteum 
and Levator palpebrtc superioris to the supraorbital foramen; passing through this it 
divides into a superficial and a deep branch, which supply the sMn, muscles, and peri- 
cranium of the forehead, anastomosing with the frontal, the frontal branch of thd super- 
ficial temporal, and the artery of the opposite side. In the orbit it supplies twigs to the 
Bectus superior and the Levator palpebrae, and sends a branch across the pulley of the 
Obliquus superior, to the parts at the medial palpebral commissure. At the supraorbital 
foramen it frequently sends a branch to the diploS. 

The posterior ethmoidal artery runs through the posterior ethmoidal canal, supplies 
the posterior ethmoidal cells, and, entering the cranium, gives off a meningeal branch to 
the dura mater, and nasal branches which descend into the nasal cavity through the 
lamina cribrosa of the ethmoidal bone, and anastomose with branches of the spheno- 
palatine arter}'. 

The anterior ethmoidal artery accompanies the anterior ethmoidal nerve through the 
anterior ethmoidal canal, supplies the'anterior and middle ethmoidal colls and frontal 
sinus, and, enteriug the cranium, gives off a meningeal branch to the dura mater, and 
nasal branches; the latter descend into the nasal cavity with the anterior ethmoidal 
nerve and, running along the groove on the inner surface of the nasal bone, supply twigs 
to the lateral wall and septum of the nose, and a terminal branch which appears on the 
dorsum of the nose between the nasal bone and the lateral cartilage. 

The anterior meningeal artery is a small branch which passes to the middle cranial 
fossa through the superior orbital fissure and anastomoses with the middle and accessory 
meningeal arteries. 

The medial palpebral arteries, two in number, superior and inferior, arise from the 
ophthalmic, opposite the pulley of the Obliquus superior, and niii lateralwards in the 
eyelids near their free margiuf . formii^a superior and an inferior arch, which lie between 
the Orbicularis oculi and the Larsi* The. superior palpebral artery anastomoses with the 
supraorbital aifery, and, at the lateral angle of the orbit, with tho zygomatico-orbital 
branch of the temporal artery, and with the upper of the two lateral palpebral branches 
of the lacrimal artery ; tho inferior palpebral artery anastomoses at the lateral angle of 
the orbit with tho lower of the two lateral palpebral branches of the lacrimal and with the 
transverse facial artery, and at the UiOdial part of the eyelid with a twig from the angular 
artery. From this last anastomosis a be%.xich passes to the nasolacrimal duct, ramifying 
in its mucous membrane, as far as the inferior meatus of the nasal cavity. 

The frontal artery, one of the terminal branches of the ophthahnicj leaves the orbit 
at its medial angle with tho supra '.rochlear nerve, and, ascending on the, forehead, supplies 
tlie skin, muscles, and pericranium, anastomosing with the supraorbital arterv. and with 
the artery of the opposite side. y , in 

The dorsal nasal artery, the other terminal branch of the ophthalmic, emerges from 
the orbit above the medial palpebral ligament, and, after giving a twig to the upper part 
of the lacrimal sac, divides into two branches, one of which crosses the root of the no8#‘t 
and anastomoses with the angular artery; the other runs alodg the dorsum of the nose,' 
supplies its outer surface, and anastomoses with the artery of the opposite side, and with 
the lateral nasal branch of the external maxillary artery. 

8. The anterior cerebral artery (figs. 624, 626, 626) arises from the interna} 
carotid artery, at the medial end of the lateral cerebral &sure. It passes fdrwaids 
and niedialwards across the anterior perforated substance, above the optic nerve, 
to the commencement of the longitudinal fissure. Here it comes into plose idatlon- 
ship with the opposite artery and is connected with it by a short transverse tnink 
named the anterior communicating artery. IVom this point, tbe two anterior, 
cerebral arteries run side bv side in the lon^tudinal ceiebzM fisimre, curving round 
the genu of the corpus callosum, and roniung backwards along the upper surface 
of tms structure to its posterior extremity, where they end by anastotabsing with 
the posterior cerebral arteries. 

The aaUerior communicating artery has an a\^erage length of about 4 and 
connects the two anterior Cerebr^ arteries across the coapmenbenient. ol the 
longitudinal fissure ; in about 7 per ceht. of cases it, is double; . It ofif ai few 

anteromedial gan^onic orwohes* ^ yJ:'. 



INTERNAL CAROTID ARTERY 
lu its couise the anterior cerebral artery ghres off the following branches : 

Posterior. 


Anteromedial ganglionic. 
Inferior. 


Antoior. 

Middle. 


frnrJ gangUonio hratushes are a group of small arteries which arine 

anterior cerebral artery ; they pierce the anterior 
and' lamina terminalis, and supply the rostrum of the corpus 
peUucidum, and the head of the caudate nucleus. The 
jenor branches, two or three in number, are distributed to the orbital surface of 


Fig. 624. — The arteries at the base of the brain. 



the frontal lobe, where they supply the olfactory lobe, gyru.« rectus, and medial 
orbital gyriis. The anterior brawshes supply a part of the superior frontal gyrus, 
and send tudgs over the superomedial border of the cerebral hemisphere to the 
superior and middle frontal gyri and upper part of the anterior central gyrus. The 
miH$ brandies supidy the corpus callosum, the cingulate gyrus, the m^al surface 
of riie superior frontal gynis, and the upper part of the anterior central gyrus. 
The posterior branches supply the prsecuneus and adjacent lateral surface or the 
hemisphm«i. 

9. The middle eerebml artmy (figs. 624, 626), the largest branch of the interohl 
carotid artei7> nms at fixst Lateralvards in the lateral cerebral fissure and then Irack-' 
waids and upwards on the surface of the insula, where it divides into bitches 
.vrhicji axe' distributed to the insula abd to the lateral surface of the cerebral 
hemiitphete. 



m . J^QlOLdCtY 

y ' > 

The bmnob^ 

Ant&tol&iistal gao^dliio. 

Inf^ior lateral frontal. 

Ascending frontal. 

The ofUeroIatercU gcmgUonio bramhea, a gtpup (A small arteries ^hieh arise fi^pm 
the comme:3fe^9nt of the middle cerebral artery, are aiyanged in two sets t one; 

Fig. 625. — Lateral surface of cerebral hemisphere, showing the areas supplied the 
cerebral arteries. In this and the next figure the areas supplied, by the anterior 
cerebral artery are coloured blue; those by the middle cerebral' artery, piuk; 
and those by the posterior cerebral artery, yellow. 


F^etbtempO^sl. 
Temporal* 



the internal striate^ ascends through the inner segments of the lentiform nucleus, 
and supplies it, the caudate nucleus, and the internal capsule ; the other, the 
external striate, ascends through the outer segment of the lentiform nucleus, and 
supplies the caudate nucleus and the thalamits. One artery of this group is larger 
than the rest, and of specir I importance, as being the artery in the brain most 
frequently ruptured ; it has been termed by Charcot the ‘ (trtery of cerebral kcmor^ 
rhage.* It ascends between the lentiform nucleus and the external capsule, and 
ends in the caudate nucleus. The inferior lateral frontal supplies the inferior frontal 


Fig. 626. — Medial surface of cerebral hemisphere, showing the areas supplied by ' 
the cerebral arteries (Bee dos^iiription of fig., 625). 



gyrus (Broca’s convolution)' and the lateral pai-v i^ae surif^ k 

lobe. The ascend^ supplies the, anterior oeml^l 

is distributed to the ^texior centr^ gyrus Bind lower part, of 
parietal lobule. The siip^m ' 

Alid tlie posterior ot tte stqpe)rimi^ nidSle 

mnAtt, two or ibr^ in nititiber, axe cfotrilntted td 

>te^'*«5»SNSov 
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Fto. 6/27. ~ -Diagram of tbo artmes at the 
base of the brain. 


Jut. I'OMmmicatinif 


ini. ft 


of the b^iir It is':iuit|dly a ehiaU veml; but is bcotoion- 

ti^ posteijio]* ceiiebm ^aj be ^u^ioered as arising feom the internal 

carom tath^ than from the basilar. It k mqr^ntly* larger on one side than 
on the . oth^. Frokn its posterior half 
are myeh off several small postavmedial 
Smfiionio bran^^ which, with similar 
v^b from the posterior cerebral artery^ 
pierce the postenor perforated substance 
and supply tbe medial surfaces of the 
tbalanu and the walb of tiie third ventricle. 

11. The aatefiot ohoiioidal artery, a 
small but constant branch, arises from 
the internal carotid, near the posterior 
communicating artery. Passing back- 
wards and lateralwmds between the unctis 
wd the cerebral peduncle, it enters the 
inferior horn of the lateral ventricle 
throu^ the chorioidal fissure and ends 
in the chorioid plexus. It is dbtributed 
to the hippocampus, fimbria, tela chorioi- 
dea of the thira ventricle, and chorioid 
“>lexu8. 

_.terial circle of Willis.— A oon- 
uderablepart of the brain is supplied 
by the two vertebral arteries (p. 606), 
and a remarkable anastomosis, named 
the arterial circle of Willis, exists be- 
tween these vessels and the two internal 
carotid arteries. T hb cir cle i s situated 
in the subaractoo^sj^e §t tKeTSai^ of 
the a]^*^ encloses the optic 

cKia&a a^^ iir the 

interpedwou^^ (p. ^04)r'"‘ 'Xt 

is formeff'as ‘MIows f' in front, the-J 
two anterior cerebral arteries are joined J 
to one another by the anterior com- / 
municating artery ; behind, the basilar artery (formed by the union of the 
vertebral arteries) divides .into the two posterior cerebral arteries, each of 
which is joined to the internal carotid artery of the same side by the posterior 
communicating artery (fig. 627). 



Pont inr. 
feml/fl/or 


A.L. Anterolateral; A.M. Anteromedial; P.t. 
Posterolateral; P.M. Posteromedial gangllonlv 
branches. 


THE ABTEBIES OF THE BBAIN 

The mode of 3iatributi<Hi of the vessels of the brain has an important bearing upon 
a cpasUerable number of the pathological lesions which may occur in this part of the 
nervous system. ^ , 

, ThO^ arteries which simply the brain give origin to two dmoreut systems of vossels. 
oine of these is named tne gdnfUonic syaiem, and its vessels supply the tbalauii and 
corpora s^ata; the other is tl^ corticdl system, and its vessels ramify in the pia mater 
htiu impply the cortex and subjacent brain-substimee. These two svstems are indepen- 
dent or ono another do not communicate at any point of their peripheral distribution, 
and th(^ it hotw^h the parts supplied by the two systems a borderland of diminished 
nutritive activity where, it is said, softening of the brain is especially liable to occur. 

awU^— All the vessels of this system are given off from the circle of 


TJiiH 


above, or from v'essela ojose to it. They form eix principal groii^B : 
jroap, deri^ from the anterior cerebral and anterior oOHi«mui- 
.tifeiaiff-' /«) A pdtittimitiidl group, from the posterior cerebral and poatcrior 
arteries ; <nt and zv) atid left anterolaUral groups, from the middla 
jcerahHkl aftttisbi and (V anA«t4 right anil left posUroUAotal groups, tmm t]<e postetipK 
^ ^ aftei they haya jroimd round eer^ peduneles. The vds^ 

. ...'.-XI. obc^l system, and are what Ctdmheint de^imaii^. . 

toTiitMi vestieb'Srbitdi ftom.idu^ their 

so thatr'^Kfcni^anT 





602 ^GIOLOGY ' 

The cot^cel sjrstettiu— The vewela of this system we the tenninsi bi^ehes of the 
anterior, middle, and posterior cerebral arteries. Tb^y dWide in the substance of, the 
Pjft^inater, give off branches which penetrate the brain-cortex perpendicularly, and are 
divisible into two classes, long and snort. The lon^, or medullary artefieBt pass through 
the grey substance and penetrate the subjacent white substance to the depth of 3 or 4 cm. , 
without intercommunicating otherwise than by very finb capillaries, and thus constitute 
so many independent small systems. The short vessels are confined to the cortex, where 
they form wi^JT the long vessels a compact network in the middle zone of the grey sub- 
stance, the outel^1and inner zones being sparingly supplied with blood. The vessels of 
the cortical spteni are not so strictly ‘ terminal * as those of the ganglionic system, but 
they approach this typo very closely, so that injection of one area from the vessel of 
another area, though possible, is difficult, and only effected through vessels of small 
calibre: obstruction of one of these vessels may therefore produce so^ning in a limited 
area of the brain cortex. 


ARTERIES OP THE UPPER EXTREMITY 

The artery which supplies the upper extremity runs as a single trunk as 
far as the elbow ; but is differently named, according to the regions through 
which it passes. Prom its origin to the outer border of the first rib it is termed 
subclavian ; from the outer border of the first rib to the lower border of the 
tendon of the Teres major, it is named axillary ^ and from the lower border 
of the Teres major to a point opposite the neck the radius it is termed braehial 


Subclavian Arteries (fig. 628) 

The right subclavian artery arises from the innominate artery, the left 
from the arch of the aorta. The vessels, therefore, in the fii*st parts of their 
courses, differ in length, direction, and relation with 'neighbouring structures. 

To facilitate the description, each subclavian artery is divided into three 
parts ; the first extends from the origin of the vessel to the medial border 
of the Scalenus anterior, the second lies behind this muscle, and the third 
runs from the lateral margin of the muscle to the outer border of the first rib 
whore it becomes the axillary arteiy. The first portions of the two vessels 
require separate descriptions ; their second and third parts are almost alike 


PiRST Part of the Ri^^ht Subclavian Artery (figs. 621, 628) 

The first part of the right subclavian artery arises from the innom- 
inate artery, behind the upper part of the right sternoclavicular articulation 
and passes upwards and lateralwards to the medial margin of the Scalenus 
anterior. It ascends, on an average, about 2 cm. above the clavicle but the 
height it reaches varies considerably in different cases. 

Relations.— It is covered, m /rowf, by the skin, superficial fascia, Platysma 
deep fascia, the clavicular origin of the Stemocleidomastoideus, the Stemohyoideus’ 
and Sternothyreoideus, Tt is crossed by the internal jugular and vertebral veins* 
by the vagus nerse and the cardiac branches of the vagus and sympathetic : the 
subclavian loop of the sympathetic trunk encircles the vessel. The anterior iueular 
vein 18 directed lateralwards in front of the artery, but is separated from it by the 
Sternohyoideus and Sternoth jreoideus. Below and behind the artery are the pleura 
and the apex of the lung ; behind is the sympathetic trunk, the Longus coBi and the 
first thoracic vertebra. The right recurrent nerve winds round the lower and 
posterior part of the vessel. 


Fibst Past of the Left Subciavian AsTiqtY (fig. 613 )' 

pi© firat the left subclavian arteiy aiues fcom tbe arch of tb© 

aorta, be^d the left common carotid, and at the level of the upper harder 
the fourth ttorwio v^bra ; it ascends in th© superior medMuil ^viW 
to the root of the neck and then arches laterahrar^ to the boidw-(tf 

the Scdleiius antorior. v - . 

BsMloiA^It is in wdation, in Jtma, with the vagus, oar^/ aud 
nerves, the left common carotid artery, the left intepal iugolsr and 
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and the 
detis 


the begmmng of the left umondnate vi^, and is covered by the Stemothyreoi- 
I, otemohyoideus, ud Steraooleidonuutoidetis ; beMnd, it is in relation with 
rtA thorwio duct, left recurrent nerve, inferior cervical gan^n of 

wUi ; higher up, however, the oesophagus and 
thoracic duct lie to its nght side, the latter ultimately arching over the vessel to 


■Fig. 628,— Superficial diseection of the right side of the neck, showiug the 
carotid and subclavian arteries. 



j(dn ^e angle of union between the subclavian and internal jugular veins. Medially 
.to it ate the o^phagus, trachea, thoracic duct, and left recurrent nerve ; lateraUii 
to it, the left ^euira and lung. 

SsOOKD JUJD PitBTS OF THE SoBCIAVlAir (fig. 628) 

3^6 ^Scond poi^Q of t^e subclavian art^y lies behind the Scidenns 
anterior ; it is v^.idt^, and forms tiie h^hest 'part cd tire arch depHib^ 
''by.tIie’TesiM!f.’ • ’ 


m moioixm 

k ^ front, by tbb 9kin;v w|^i^a^ fasei^, 

deep cexVical Ue^, S^mocleidOmaetQideiiB, ^d; l^^^initVlinteriar. Od the 
mde of the necktiie pbtienic nerve is separated Itpm tale second part of the actl!i^ 
the Scalenus anterior, While on the left side it bxdsste tiie first part of the. di^ry 
deep to the medtd edge of the muscle. Behind and the vessel are the deuxa . 
and lung ; qlmi, the brachial plexus of nerves. The subclavijsm vein lite below 
and in nrat of the artery, separated from it by the Scalenus anterior. 

The third portion of the subclavian artery runs downwsi^ and Utera^^ 
wards from the lateral margin of the Scalenus anterior to the outer border <4 , 
the first rib, where it becomes the axillary artery. This is the mosi sii^tficial 
portion of the vessel, and is contained in the subclavian triangle (p. 5^)* 

Belations. — In front of it are the skin, the superficial fascia, the Tlatysjtna, 
the supraclavicular nerves, and the deep cervical fascia. The external jugular, 
vein crosses its medial part and receives the trsnsveise scppular, transverse cervical, 
and anterior jugular veins, which frequently form a plexus in front of the artery. 
Behind the veins, the nerve to the Subclavins des<^n£ in front of the artery. The 
terminal part of the artery lies behind the clavicle and the Subclavius and is crossed 
by the transverse scapular vessels. The subclavian vein is in firoht of, and at a 
sughtly lower level than, the artery. The lowest trunk of the brachial plexus 
lies behind the artery and intervenes between it and the Scalenus medius. Above, 
and to its lateral s^, are the upper trunks of the brachiid plexus, and the Omo- 
hyoideus. Bdow, it rests on the upper surface of the tot rib. 


Peculiarities , — The subclavian arteries vary iu their origin, their course, and the 
hei^t to which they rise in the neck. 

The right subclavian sometimes arises from the innominate above the level of the 
sternoclavicular articulation ; occasionally below the level of that joint. It may arise as 
a separate trunk from the arch of the aorta "id may then be either its first, second, 
third, or last brimch; in the majority of cases it is the first or last. When it is the first 
branch, it occupies the ordinary position c he innominate artery ; when the second or 
third, it passes behind the right carotid; ai .v’^en the last it arises from the left 
extremity of the arch, and ascends obliquely tov*. d the right side, usually behind the 
trachea, oesophagus, and right carotid, sometimes between the oesophagus and trachea, 
to the upper border of the first rib, whence it follows its ordinar-^ -v\rsc. Occasionally 
the artery perforates the Scalenus anterior, more rarely it pasi./. / y.int of that muscle. 
Sometimes the subclavian vein passo.«) with the arter behind the Scalenus anterior; 
The artery may ascend as high as 4 cm. above the clai.do or may only reach the level of 
the upper border of the bone. 

The left subclavian is oQcusiona’I;^ joined it its origin v/ith the left carotid. It is 
more deeply placed than the right subclavian in th^ first part of its course, and, as a rule, 
does not reach quite at high a level in thi^^eck. ^ 

The posterior border of the Sternocleidomastoideus corresponds closely to the lateral 
border of the '^-a.enus anter. •, so that the third portion of the artery, the part most 
accessible for u,. oration, lies immediately lateral to the posterior border of the Sterno* 
cleidomastoideus . 


Applied Anatomy.-^ An aneurysm may forpa on any part of the subclavian artery, 
exce]^ the intrathoracic portion of the left vessel, which is said uever,to be the ae^ of 
aneurysm. The most common site is the third poriioh (especially on 'ihe right side) on 
account of the greater exposure to injury and we gteeter ateount of use of the right 
upper extremity. In this' situation it may cause pressure the brCchial plexus^ pro- 
ducing pain and numbness in the arm and fingers, with loss of power. or pamlysis of the 
muscles of these parts. CEdema of the arm may result from pressure on the suholaviah 
Vein. ■ The external jugular vein may become distended and varicose^. The W-catment is 
unsatisfactoi^, since proximal ligature cannot be undertaken with much chailoe of 
succesSf If constitutional treatment and direct pressure on the aneurysmal 
beat treatment is excision of the sac, if it be smau* In anctirymna of um first^'ltor^h ' 

tto artig^ there is oedema of the head and face, with livldity, cohgcaticiin of ' 

CbnpcoiijfKnoBsness from pressure on the internal jiig idi^ r vein^vand sparinodio 
thd'Biaphragxn from pressum on the phrenic nW^e. T!b» ooUa^ral cimuMktlbri' 
tbahhlopto^ of subclavian artery by ernboUsm or thrbmb<^s bftcnl4rils‘,tfl 

to anv afemrixie siima or svmntoma. hAfrom? 





rfiouito* (Sfti>t;^.te silffiilenUy depressed, preat^'may be 
•• to ecmipi^ .tl^s^ry ftfpuast tihe S^ehus mediae 
*¥ ??’*“* oervioiO^-TiMrtebte. In eppropiiato cesee, a pre- 
*^’***^ tt»b 0^^ fascia, and the Auger may be pressed 

. ®* wongh-and'ttrouj^ gunshot wounds about ^e clavicle the formation of 

aa a^teiriQv^ous aneurysm, or direct oommunicjation between the subclavian artery and 


e8eB||fe the Ve^; the vein is distended th^eby, with the production of a pulsatile 
swells ^t e|^ be felt above or below the clavicle. In addiitiou a thrill can be felt 
rushing murmur can be heard in the neighbourhood of the swelling; both 
thrill ana murii^r ate continuous, but more forcible during cardiac systole. Not infre- 
quently these artenpvenous aneurysms call for relief by operation. 

eubcUvian artery may be required in cases of wounds, or of aneurysm 
in tne axma, or m ^ cases of aneurysm on the cardiac side of the point of ligature. The 
vessel IS Also ligatured as a. preliminary measure to the complete intersoapulothoracic 
amputation of the upper exwemity , in which case the transverse scapular ana transverse 
cervical arteries may, if found, be ligatured at the same time, making the ‘ fore-quarter ’ 
amputation an almost bloodless procedure. 

The third part of the artery is that which is most favourable foir an operation, on 
account of its being comparatively superficial and most remote from the origin of the 
largo branches. In those cases where the clavicle is not displaced, this operation may be 
performed with comparative facility ; but where the clavicle is pushed up by a large 
^Gurysm^ tumour in the axilla, the artery lies at a great depth from the surface, and 
this materially incroas^ the difficulty. Under these circumstances, it becomes a matter 
of importance to consider the height to which this vessel reaches above the bone. In 
ordinary oases, its arch is about 1*25 cm. above the clavicle, occasionally as high as 
4 cm., and sometimes s y low as to bo on a level with its upper border. If the clavide be 
displaced, these varj^tJ will necessarily make the operation more or less difficult, 
according as the vesso/ is los-'s oe more accessible. 

The proceduro in op" "ttion of tying the third portion of the subclavian artery is as 
follows : The patient rix a t'-blc in the supine position, with the head drawn 

over to the opposite oj<’e, nnd the shoulder depmsaed as much as possible, the skin should 
be pulled downwards over the clavicle and 'ncision made through it, upon that bone, 
from the anterior border of ■‘■lie Trapei^' xo posterior border of the Sternocleido- 

mastoideus. ^ The object ju drawin" t: ' ^ war *. is. 'x>'avoid any risk of wounding 

the external jugular vein, which pe.'*£oratcf juu fascia al>ove the clavicle, and cannot 
be drawn downwards with the skiu Tin* soft ** -'•ts are allow«‘d to glide up, and the 
cervical fascia is divided; if the r I between the ius and Sternocleido. 

rnastoideus be insufficient, a portion or both may be divided. The external jugular 
vein will now be seen towams the rucdial side tlie wound; this and the transverse 


scapular and transverse cervical veins which end m it should be hehl aside. If any largo 
vein be at all in the way and exposed to injury, it should be tied in »vo places and divided. 
The transverse scapular artery should be avoided, and the Omohyoideus held aside if 
necessary. In the space beneath this muscle a deep layer of fasoia'and some connective 
tissue are divided, the lateral margin of the Scalenus anterior n e felt for, and the 
finger being guided by it to the first rib, the pulsation of thr subclavian artery will be 
felt as it passes over the rib. The sheath of the vessels having boon opened, the aneurysm 
needle may then be passed around the artery from above downwards and medialwards so 
as to avoid including any of the branches of the brachial plexus, which in operations on 
the cadaver are pot uncommonly mistaken for the vessel. IE the clavicle bo so raised by 
the tumour that the application of the ligature cannot be effected in this situation, the 
.artery ihay be tied above the first rib, or oven behind the Scalenus anterior. 

Tho second part of the subclavian artery, the portion which rises highest in the neck, 
hes.been oonsmered favourable for the application of the ligature when it is difficult to tie 
tbe^^iArtery ih the third part of its course. There are, however, many objections to the 
in* this situation. It is necessary to divide the Scalenus anterior, upon which 
nerve, and at the medial side of which is situated the internal jugular 
A . ^Ound of either of these structures might lead to the most dangerous 
Againy the artery is in contact, below, with the pleura, wliich paust also 


" ^^yolits large branches arising medially to 

il'Iur^er objeotfoh to operation* In cases, howevety .where the sac oi an. 

encroaches on the nAck^ it niay be necessary to divide the lateral h^f 
qI the SeAlsnus anterior, so as to place the ligature on the vessel at a greater 
the^s^^ Hie opeHrat|pn is p^ormed exacUy in the same way aS al^ture^ 
^^V|siiiB^V£M^\p0ttioii, until the .^lCAUS apt^pr is ex^sqd, when it is to be diviSd bn 
never to a gr^tqi»iextent tbAaJtb later^ two^thirds), and it immediately ’ 


M£i>^easila artery, whiph encroach upon 

suqh'/an.entent a^ligataiii^'bAii^ W ’ 
a'htiiMirbfibttlPre, to-.tae.jaWha^ 
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portion of the subSU^iau arter 3 ^. On the left side, this operation is almost imfiractioable » 
the great depth of the artery from the surface, its iotfamate relation with the pleui^, and 
its close proximity to the thoracic duct and to so mhny important veins and neryas, 
present a series of difficulties which it is next to impossible to overcome. On the, right 
side, the operation is practicable, the main difficulty being the smallness of the interval 
'ifhich usually exists between the eommencement of the vessel and the origin of, the 
nearest branisbf The operation is essentially similar to that described on p. for 
ligature of the iifKiominate artei'y. The exact position of the vagus, reourront, and 
pmenic nerves and the sympathetic trunk should be borne in mind, and the Ugature 
should bo applied near the origin of the vertebral, in order to afford as much •“room as 
possible for the formation of a coagulum between the ligature and the orimn of the vessel. 
It should be remembered that the right subclavian artery is occasionally deeply placed in 
the first part of its course, when it arises from the left side of the aortic arch, and passes 
in such cases behind the o&sophagus, or between it and the trachea. 

Collateral Circulation . — After ligature of the third part of the subclavian artery, the 
collateral circulation is established mainly by three sets <4 vessels, thus described in 
a dissection : 

1. A posterior set, consisting of tho transverse scapular artery and the descending 
ramus of the transverse ocrvical branch of the subclavian, anastomosing with the sub- 
scapular from the axillary. 

2. A medial set, produced by the connexion of the internal mammary on the one hand, 
with the arteria intercostalis suprema and the lateral thoracic and subscapular arteries 
on the other. 

3. A middle or axillary set, consisting of 'a number of small vessels derived from 
branches of tho subclavian and, passing ihroiigh the axilla, terminating either in the 
axillary artery, or some of its branches. This last set presented most conspicuously 
the peculiar character of newly formed or, rather, dilated arteries, being excessively 
tortuous, and forming a complete plexus. 

The chief agent in the restoration of the axillary ‘'rtery below the aneurysm was the 
subscapular artery, which communicated freelj w’ith the internal mammary, transverse 
scapular, and descending ramus of the transverse cervical arteries of the subclavian, 
from all of which it received so great an i a c blood ns to dilate it to three times its 
natural size.* 

When a ligature is applied to the first p of the subclavian artery, the collateral 
circulation is carried on bv the following anastomoses ; 1, between the superior and 
inferior thyreoids; 2, tho two vertebrals; 3, the internal mammary with the inferior 
epigastric and tho aortic inters jStals; 4, tho costocervical with the "aortic intercostals ; 
5, the a. profunda cervicalis with the descending branch of the ocoip’tal; 6, the scapular 
branches of the thyreocervioal trunk with the branches of the axillary : and 7, the thoracic 
branches of the axillary with the aortic intercostals. 


Branches. — ^The branches of the subclavian artery axe : 


Vertebral. 

Internal mammary. 


Thyrcocervical. 

Costocervical. 


On the left side of the neck all four branches generally arise from the first 
portion of the artery ; on the right side the costocervical tnink usually springs 
from the second portion. On both sides, the first three branches*^ originate^ 
( close together at the medial border of the Scalenus anterior. 

V 1. The vertebral arteiy (fig. 621) arises from the upper and posterior 
^art of the first portion of the subclavian artery. It ascends through the 
'^fora.mina in tho transverse processes of tho upper six cervical vertebrssjf 
behind the articul^^^ of thej|||te^ enters the skull through the 

foramen magnum, anff/Tt unites with the vessel 

of the opposite side to form the basilar arteiy. 


iiiierior' thyreoid artery ; the left vertebral artery is crossed by the thoxaoip '4^ • 
also. ]lkhmd it are the transverse process of the seventh cervical Veit^bri^ 

S ^thetic trunk and its inferior cervical f(l|inglion. The ncopd 
ugh l^he foramina transveisaiia of the^tipp^ fix. certihal yertonv^ 
surrounded by a plexus of nerves derived hroiu 
. and by a plexus of veins which Unite to 

tiedi^SttlH^lamu the latora) edge ' 

t The artery. eaim l^e ^ 

faa^ baea seeUe^ 
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litVcT' llW 'QMk. ■ R lies in front of tiie tm'nlra of the certioal nerves, and 

Mm Xmm mm i.1.M r j1 • < V 

ttoouga wbujh it luns upwaios and lateral wards to the foramen transversarium of 
^e atlaSs l^e issues from the latter foramen on the medial side of the 

mctiis capitisiateralis, and curves backwards behind the superior articular process 
of the atlas, the ahterior ramus of the first cervical nerve bemg on its m^wiial sid^ 
it then lies in t he go py^oje.. the upger^suiface of the posterior arch of the atlas, 

fey pasffng t^neath the posteiior atlanto-^ctgital 
membri^^» This part of the artery* is covered by the S^ mis pi nA^lTa ' i\nd 

is cont£lined in ^he j;n^^jf^|0(^2e/which is bounded by thS Eectus capitis 


^sterioi major, the Obliquus superior, and the Obliquus inferior. The posterior 
division of the first cervical nerve lies between the artery and the posterior arch 
of the atlas*j) The fourth 'po/rt piercer the dura mater, ascends in front jof^ the roots 
of the^hj^of^oss^ nerve, ^nd inclines medialwaids to the front of the medulla 
#hei!iSrtVt;the lowe r border^of the pons, it unites with the vessel of the 
opposite side to form'fHcT basUar artery. 

The branches of the vertebral artery may be divided into two sets^ — ^those given 
off in the neck, and those within the cranium. 


Cervical branches. 
Spinal. I 
Muscular.! 


Cranial branches. 
Meningeal. 

Posterior spinal. 

Anterior spinal. 

Posterior inferior cerebellar. 
Medullary. 


Spmal branches enter the vertebral canal through the intervertebral foramina, 
and each divides into two branche'j. Of these, one passes along the roots of the 
nerves to supply the medulla spinalis and its membranes, anastomosing with the 
other arteries of the medull% spineMs ; the other divides into an ascending and 
a descending branch, which umte with similar branches from the arteries above 
and below, so that two lateral anastomotic chains are formed on the posterior 
surfaces of the bodies of the vertebrae, near the attachment of the pedicles. From 
these anastomotic chains branches are supplied to the periosteum and the bodies 
of the vertebrae, and others communicate with similar branches from the opposite 
side ; from these communications small twigs arise which join similar branches 
above and below, to form a central anastomotic chain on the posterior surfaces 
of the bodies of the vertebrae. 


Mnsoulax brandies arise from the vertebral artery as it curves round the superior 
articular process of the atlas. They supply the deep muscles of the neck and 
anastomose with the occipital artery, and the ascending and deep cervical arteries. 

One or two meningeal branches spring from the vertebral opposite the foramen 
magnum, ramify between the bone and dura mater in the cerebellar fossa, and supply 
the fdx cerebelli. 

The posterior spinal artery arises at the side of the medulla oblongata ; it passes 
baekwaz^, and then descends in front of the posterior roots of the spinal nerves, 
and is tdnfozce«|i;by a succession of small branches, which enter the vertebral canal 
through the intervertebral foramina ; by means of these it is continued to the 
lower part of the medulla spinalis, and to. the cauda equina. Branches from 
the posterior spinal arteries form a free anastomosis round the posterior roots of 
the spfr^, nerves, and communicate with the vessels of the opposite side. Near its 
spinal artery gives off an ascending branch, which ends at , 
:t&e ^uzth ventricle. 

% artery is. a small branch, which arises near the termination 

of i^^e4^b?al ; it descends in front of the medulla oblongata and unites with 
0^ side at the level of the foramen magnum. The single 

forest descend oh the front of the medulla spinalis, and is leinfonm 
of brmiches vrJmh enter the vertebral canal throo^ the 
forathina ; thei^ hranebes ere derived from the vertebral, and from 
cervical of tfo jbferior th^oid in the neck ; from the intercostati-j 
m W fmn ^.iU^bar, iliolumbar, and lateral sacral arteries in. t&e 

by of ascending and descendfrg breuh!^ ^ 




Is .-3, 

sisinbrMie, |i|iii.lii;euMsnoe.of ^ lui^^ ^4l^; 

atitB]overpattfl>bei$^Mxil>iitcidt0tibecaTidla«bllfa|^ i/'-k"; . . - ',:; 

The PQStMto itoraMDih iliM|r dSl), ktjg# 

vertebral, backwards round the bp^ j^hr^ of w medril* 
between tbs of the vagus and accessory, neryei^.,Ov^|:^'.fM^]M£/' 
the. under sornsti^of the cerebellum, wh^ it dimes into, a ins^l 
branch. 11ie,nmdial Inanch runs backwards to wnot(^.b()tw^1ha 3 
the cerebellum, while the lateral ettpplieB yte uiidisr sut&CO O^f 'thb I 
as far as its lateral border, where it WMstomoses with the thtenor infi^ cere- 
bellm; and the superior cerebdlar Inatiches of the b^ajc artery. Bcaii^es from 
this artery supply the chorioid plexus of >1he fourth vmttricle. - 

The medtOary arteries are several mhmte vessels which sjuing from the laertebral 
and its branches, and are distributed to the medulla oblongata: 

The barilar artery (fig. 624), so named from its pmtaon at the base of the ekfill, 
is formed by the junction of the two vertebral arteries ; it estends ftgm the lower 
to the impra border of the pons, lying in a median groove, un^r cover t^ aidch- 
noid. It is placed between the two abducent nerves at the lower Ixnder of ^ 
p<nu; and between the two oculomotor nerves at the uppe)^ wherh it cinds 

by dividing into the two posterior cerebral arteries, ^ . 

Its branches, on either aide, are the foUowinU : 

Pontine. Anterior inf^or oeMbellas:, 

Internal auditory. ’ Superior cerebellar. 

Posterior cerebral. • 

Tbe pontine branebee are a number of small vessels which come df! at tight 
angles, from either side of the basilar artery, and supply the pons and adjacent parts 
of the brain. 

The internal auditory artery, a long slender branch, arises from near..^e middle 
of the basilar artery; it accompanies the aconstic nerve - through the internal 
acoustic meatus and is distributed to the intern^ ear. . 

The anterior infstfeg oerebeQu artery pasam backwards to the M^tonor part of 
the under surface of the cerebellum, and anastomoses with .^e ^ostomr inferior 
omebellar branch of tbe vertebral artery. ’ 

The egperior cerebellar artery arises near the teiminaticn'Of the basilar. It 
passes lateralwards immediately, below the dculomotpr nerye whkdk separate 
it from the posterior cerebral ariory, winds round the cerebral peduncle close to 
the trochlear nerve, and, arriving at thl upper surface of. the cSnbdlum* diodes 
into branches which lamily in the pi» mdfer and ana^mose .ydth those of 
inferior cerebellar arteries. Several branches ue .mvmi to the 'pineal, b^y, the 
anterior medullary velum, and tiA tela ehoHQideaj^'^ ^itd ventricli^ ^‘.^v 

The posterior cerebral artery (figs. 624, 626, 426) is Isrj^ thfn .the .snpe^r 
cerebellar artery, from which it is separated near its coigin by the oculomotor nervtr 
and on the side of the mesencephalon by the trocblem^perye. , ;^asBing'iate|^|^M^ 
.parallel to the superior cerebelfar arteiy, and rBBeivipfl'thft |wM^riAr 
branch hpm the internal carotid, it wis^ round the ccmbrid j^uho^and ypliii^ 
tentorial surface of the cerebrum, whm it Inseidn up intb^man^m 
of the tenoral and occipital lob<M. ' * • ’ , . f' 

The hranohes of the posterior cerebral Mtory ai|a:diy^|id^, 
ganglionic and cortical : . '« - ' . ^'-ci^vv 

( Postercoaedi^. iA]lterim'.te^«8iitil»ii^l^'^^ 

Posterior oh^oidal. 

Postm^tegi^ . 


The ^ 
axbslii^tdiich arise at 
bpa^dbes' 
T^ttbstaime, 





INTSBNAL MA2IHABY ARTBBY 609 

a^r it hasi turned ronnd the cerebral peduncle ; they supply a considerable portion 
of the thalamus. 

OortieoJI.— The cortical branches are : the anterior tenworal, distributed to 
the TOcuB and the anterior part of the fusiform gyrus; the posterior tempor^, 
to the fusiform and the inferior temporal gyri ; the calcarine, to the cuneus, gyrus 
Imgualis, and the nosterior part of the lateral surface of the occipital lobe ; and 
tto J^rieto-occipitm, to the cuneus and the prsecuneus. 

The internal mamtxiary artery arises from the under surface of the 
portion of the subclavian artery, opposite the thyreocervical trunk. It 
d%cends behind the cartilages of the upper six ribs at a distance of about 
te ^”^t tlm lateral border of the sternum, and at the level of the sixth 

Bdattons. — ^It runs at first downwaids, forwards, and medialwards behind 
the sternal end of the clavicle, the internal jugular and innominate veins, and 
the first costal cartilage. As the artery enters the thorax, the phrenic nerve crosses 
from its lateral to its medial side. Below the first costal cartilage it descends 
almost vertically to its point of bifurcation. It is covered in front by the Pectoralis 
major, the cartilages of the upper six ribs and the intervening Intercostales intemi 
and anterior intercostal membranes, and is crossed by the terminal portions of the 
upper six intercostd nerves. It is separated from the pleura, as far as the second 
or third costal cartilage, by a strong layer of fascia ; below this level, by the Trans- 
versus thoracis muscle. It is accompanied by a chain of lymph-glands and a 
pair of veins : the veins unite above to form a single vessel, which runs medially 
to the artery and ends in the corresponding innominate vein. 

The branches of the internal mammary artery arc : 


Pericardiacophrenic. 
Anterior mediastinal. 
Pericardial. 


Sternal. \ 

Intercostal. 

Perforating./ 


Musculophrenic. 
Superior epigastric. 


The pericardiacophrenic artery (a. comes nervi phrenici) is a long slender branch 
which accomp^niGs between, the .pleura and to the 

Diaphra^ ; it gives branch es to the jpjeura, pericardium and Piapl^agmr and^pnaste-, 
T^ses with the musculophrcmic andinierior phrenic aj:ierie$. 

The" anterior mediastinal arteries are small vessels, distributed to the areplar tissue 
and ]^ph-|^and|i in the anterior mediastinal cavity, and to the remains of the tbymus. 

The pericirdial branches supply the upper part of the. .^anterior surface of the 
pericardium. 

The sternal branches are distributed to the Transyersus thoracis muscle, and to the 
posterior surface of the^ sternum^^ ^ 

The ahtenor mediastinal, pericardial, and sternal branches, together with some twigs' 
from the pericardiacophrenic, anastomose with branches from the intercostal and 
bronchial (Berios, and form a sub pleural mediastinal plexus. 

The intercostal branches supply the upper five or six intercostal spaces. Two in 
number in each space, they pass lateralwards, one lying near the lower margin of the rib 
above, and the other near the upper margin of the rib below, and anastomose with the 
intercostal arteries from the aoria. They are at first situated between the pleura and 
the IntoroosteleS intemi, and then between the Intercostales intomi and extern! . They 
supply the Intercostales and sepd branches through the Intercostales extern! to the 
l^ectoralea and the mamma* 

The perforating branches emerge through the upper five or six intercostal spaces. 
They pierce the and curving lateralwards, ^iip pl y that muscle and the 

Those of Ihe secotidj teird, j-^d-fourtE spaces give brancneSIbo the mamma, and 


Tlw artwy is directed obliquely downwards and lateralwards, 

b «ltfaid"i3>a of the false rit e ; it perforates the Diaphragm at the eighth 

or Ijintnhcistal. cartilage an^ ends, considerably r^uced in size, opposite the last 
iaiienk){|^ ^aoe. ij toc os t al bimoh^ tp tl|.ei .ss7§nth, 

; these diminish in rise as the spaces decrease m length/ 
nlmmdBhaKihai^rsimilartotheintetcostalshcomtbeinteritalniftmT — 

Alan lartmui 'hvAnAltAa 
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Pgjforate the sheath of 

anil a small branch p^ses in front of the xiphoid process and aha ^ p yS B a ^witb 
the artery of tl^ opposite side. The superior epigastric arte^. s niP B 

twigs .to the XhapVagi^’ while from the artery pjf. the right sid^, 
extend into, the jftlciform ligament of the liy^r and anastomose with, thfi 
artery V' 

Applied Anatomy,— Thk^ internal niammary artery is liable to be wounded in stabs 
of the chest- wall mid in the operation of paracentesis pericardii (p. 558). It is most 
easily reached by a tratisv(*rse incision in the second intercostal space. 

3. The thyreocervical trunk Ctbyreoid .axis) (fig. 628), a short thick 
trunk, arises from the front of the first portion of the subclavian artery, close to- 
the medial border of the Scalenus anterior, and divides almost immediately 
into three branches, the inferior thyreoidy transverse scapular ^ and transverse 
cervical. 

The inferior thyreoid artery runs upwards in front of the vertebral artery and 
Longus colli ; it then turns medial wards behind the carotid sheath and its contents, 
aTid also behind the sympathetic trunk, the middle cervical ganglion of which 
rests upon the vessel ; it finally descends to the lower border of the lateral lobe 
of the thyreoid gland. The rccuiTent nerve runs upwards generally behind, but 
occasionally in front of, the artery. 

The branches of the inferior thyreoid are : 

Muscular. Inferior laryngeal. OEsophageal. 

Ascending cervical. Tracheal. Glandular. 

TIh' muscular branches supply the depressors of the hyoid bone, and the Longus 
colli, Scalenus anterior, and Constrictor pharyngis inferior. 

Tlio ascending cervical artery is a small branch which arises from the inferior 
thyreoid as that vessel is passing behind the carotid sheath ; it ascends on tho anterior 
tubercles of the transverse processes of tho cervical vertebrje in the interval between 
tho Scalenus anterior and Longus capitis. It gives twigs to the muscles of the neck, and 
Bends ono or two spinal branches into tho vertebral canal through the intorvertcbral 
foramina to be distributrul to luo medulla spinalis and its membranes, and to tho bodies 
of the vertebcic, in tho saino manner as the .spinal branches from ilie vertebral artery. 
It anastomoses with the vertebral, ascending pharyngeal and occipital arteries. 

The inferior laryngeal artery ascends upon the trachea in company with the recur- 
rent nerve; it outers tli«j larynx under the lower border of tho Constrictor pharyngis 
inferior, and supplies its irniscles ai.-’ mucous membrane, arastomoaing with tho artery 
frtan the opposite side, and with tho Hupe’ior laiyngenl branch of tlio superior thyreoid 
artery. 

Tile tracheal branches are distributed to the trachea, and anastomose below with tho 
bronchial arteries. 

IMu; oesophageal branches supply the oesophagus, and anastomose witli the oesophageal 
branches of tho thoracic aorta. 

The. glandular branches consist of an inferior and an ascending branch; they supply 
the posterior and inferior parts of the thyreoid gland, and anastomose with the superior 
thyreoid artery and with the opposite inferior thyreoid artery. 

The transverse scapular artery (suprascapular artery) passes at first downwards 
and latcralwards across the Scalenus anterior and phrenic nerve, under cover of 
the Sternocleidomastoideus ; it then crosses the subclavian artery and the brachial 
plexus, and runs behind and parallel with the clavicle and Subclavius, and beneath 
the inferior belly of the Omohyoideus, to the superior border of the scaptda ; it 
passes over the superior transverse ligament of the scapula, which separates it 
from the suprascapular ner^'^e, and enters the supraspinatous fossa ^g. 629). 
In this situation it lies close to the bone, and supplies branches to the Supra- 
spinatus. It then descends behind the neck of th^ scapula, through the great 
scapular notch and beneath the inferior transverse ligament, to reach the iiifira- 
spinatous fossa, where, under cover of the Infraspinatus, it anastomoses with the 
scapular circumflex artery and the descending branch of the transverse cervical 
artery. Besides distributing branches to the Sternocleidomastoideus, Subclavius, 
and neighbouring muscles, it gives off a suprasterml hramhy which crosses over 
tho sternal end of the clavicle to the skin of the upper part of the efaesi; and an 
acromial bmnoh, which pierces the Trapezius and supplies the sldn over the 
acromion, anastomosing with the thoraeo-acromiid artery, As tto transverse 
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papular artery passee over the superior transverse ligament of the scapula, 
it sends a branch into the subscapular fossa, where it ramifies ^neath 
the Subscapularis, and anastomoses with the subscapular artery and with the 
descending branch of the transverse cervical artery. The transverse scapular 
artery also sends articular branches to the acromioclavicular and shoulder-joints, 
and nutrient arteries to the clavicle and scapula. 

The transverse cervical artery (a. transversa colli) lies at a higher level than 
the transverse scapular ; it passes behind the Omohyoideus and runs transversely 
above the posterior belly of that muscle, to the anterior margin of the Levator 
scapula3, where it divides 

into an ascending and a Fig. 629 . — The scapular and circumflex arteries, 
descending branch. It 
crosses in front of the DcteendDighmveh 
phrenic nerve and the 
Scaleni, and in front of 
or between the divisions 
of the brachial plexus, 
and is covered by the 
Platysma and Sterno- 
cleidomastoideus. 

The dscendUig branch 
(superficial cervical artery) 
ascends beneath the an- 
terior paiii of the Trapezius, 
distributing branches to 
it and to the neighbour- 
ing muscles and lymph- 
glands in the neck, and 
anastomosing with the 
superficial branch of the 
descending ramus of the 
occipital artery. 

The descending branch 
(posterior scapular ar- 
tery) (fig. 629) passes ^ ^ j j 

beneath the Levator scapube to the medial angle of the scapula, and then desceims 
under cover of the Rhomboidei along the vertebral border of the scapula as lar 
as the inferior angle. It supplies the Rhomboidei, Latissimus dorsi and Trapezius, 
and anastomoses with the transverse scapular and subscapular arteries, and with 
the posterior branches of some of the intercostal arteries. 

rcculiariiies . — In a largo proportion of cases tlii* u.sccnding branch (siiperficial cervical 
artery) arises directly from the thyreocftrvical trunk, and the descending branch (posterior 
scapular artery) from tho third, more rarely from the second, part of tho subclavian. 

4. The costocervical artery (superior intercostal cytory) (fig. 621) arises 
from the posterior aspect of the second part of the subcla’nan artery on the 
right side, but from the first part of the artery on the left side. It Pa^es 
backwards above the cupola of the pleura to the neck of the first nb, and divides 
into the arteria intercostalis siiprema and the arteria cei-vicalis profunda. 

The arteria intercoetatis suprema descends behind the pleura m front of the 
necks of the first and second ribs, and anastomoses with the first aortic intercostal 
artery. As it crosses the neck of the first rib it lies medially to the anterior division 
of the first thoracic nerve, and laterally to the first thoracic ganglion of the syni- 
patbfttio trunk. In the first intercostal space, it gives off a branch whic^ is distri- 
buted in a manner similar to the distribution of the aortic intercostals. The branch 
for the second intercostal space usually joins with one from the first aortic intercostal 
artery ; this branch is not constant, but is more commonly found on the right 
side ’ when absent, its place is supplied by an intercostal branch from the aorta. 

The arteria oervi^lis profionda arises, in most cases, from the costocervical trunk, 
and is analogous to the poertorior branch of an aortic intercostal artery : occasionally 
it is a separate branch from the subclavian artery. Passing backwards above tbe 
eighth cervical nerve and between the transverse process of the seventh cervical 
vertebra and the neck of the first rib. it ascends on the back of the neck, between 
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the Semispinales capitis and colli, as high as the second cervical vertebra, supplying 
the adjacent muscles, and anastomosing with the deep division of the descending 
branch of the occipital artery, and with branches of the vertebral artery. It gives 
off a spinal twig which enters the vertebral canal through the foramen between 
the seventh cervical and first thoracic vertebrae. 



The axilla a pyramidal space, situated between the upper part of the 
lateral w'all of the chest and the medial side of the arm. 

Boundaries. — The apex, which is directed upwards towards the root of 
tho neck, corresponds to the interval between the outer border of the first rib, 
the superior ])order of the scapula, and the posterior surface of the clavicle ; 
through it the axillar}’’ vessels and nerves enter the space from the neck. The 
base, directed downwards, is broad at the chest but narrow and pointed at 
the arm ; it is formed by the skin and a thick layer of fascia, the axillary fascia, 
extending between the lower border of the Pcctoralis major in front, and the 
lower border of the Latissimus dorsi behind. The anterior wall is formed by 
tho Pectorales major and minor, the former covering the whole of this wall, 
fhc latter only its central part*. The space between the upper border of the 
Pectoralis minor and the clavicle is occupied by the coracoclavicular fascia 
(eostocoracoid membrane). The posterior wall is formed by the Subscapiilaris 
above, the Teres major and Latissimus dorsi below. On the medial side are 
the first four ribs with their corresponding Intercostales, and tho upper part 
of the Serratus anterior. On the lateral side, where the anterior and posterior 
walls converge, the space is narrow, and bounded by the humerus, tho Coraco- 
bracbialis, and the Biceps brachii. 

Contents. — ^It contains the axillary vessels, and tho infraclavicular part 
<.)f the brachial plexus of nerves, with their branches, some branches of the 
intercostal nerves, and a large number of lymph-glands, together with a quantity 
of fat and loose areolar tip ^uc. Tho axillary vessels and tho brachial plexus 
of nerves run from the apex to the base along tho lateral wall of the axilla ; 
they are placed nearer to the anterior than to the posterior waU, the axillary 
vein lying to the thoracic side of the axillary artery and partially concealing 
it. The thoracic branches of fhc axillar j artery are in contact with the Pecto- 
ralcs, and along the lo^'er margi i of the Pectoralis minor the lateral thoracic 
artery passes to the side of the the ?.tx. The subscapular vessels and nerves 
descend on the posterior waU in contact with the lower margin of the Sub- 
scapularis ; the scapular circumflex vessels wind round the lateral border 
of this muscle, and the posterior humeral circumflex vessels and tho axillary 
nerve curve backwards close to the neck of the humerus. No vessel of any 
importance exists along tho medial or thoracic side, tho upper part of tho 
space being crossed merely by a few small branches from the highest thoracic 
artery. The long thoracic nerve descends on the surface of the Serratus anterior, 
to which it is distributed ; and the intercostobrachial nerve perforates the 
upper and anterior part of this wall, and passes across the axilla to the medial 
side of the arm. 

The position and aiTangement of the lymph-glands are described on pp. 719, 
720. 

Applied Anatomy . — The axilla is a space of considerable surgical importance. Its 
vessels and nerves may be the seat of injury or disease : its lymph-glands may require 
removal; its loose connective and adipose tissue may be readily infiltrated %vith blood 
or inflammatory exudation; and tho space may be the' scat of rapidly growing tumours. 
Moreover, its base is covered by thin skin, which is well supplied with sebaceous and 
sweat glands, and is frequently the scat of small abscesses and boils. 

Penetrating wounds in the axilla arc sometimes accompanied by extensive hfismor- 
rbage, either from wound of the main vessels, or of one of the large branches of the axillary 
artery, e.g. the lateral thoracic or the subscapular. Where the blood cannot find an easy 
exit it coUects in the space and forms a large swelling which projects in the floor of the 
axilla and also bulges forwards the Pectoralis major. The treatment consists in freely 
opening up tho cavity, searching for and securing the bleeding vessel. 

When suppuration occurs in tho axilla, the arrangement of the fascise plays a very 
important part in the direction which the pus takes. As described on p. 488 , the ooraoo- 
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cla'vicular fascia, after covering the space between the clavicle and the upper border of 
tne Jrectorahs minor, splits to enclose this muscle, and at its lower border is incorporated 
axillary fascia at the anterior fold of the axilla. Suppuration may take place 
^ ^ beneath this layer of fascia; that is, either between the Pectorales 

or behind the Pectoralis ininor : in the former case, the abscess would point either at the 
border of the anterior axillary fold, or in the groove between the Deltoideua and the 
Pectoralis major ; in the latter, the pus would have a tendency to surround the vessels 
and nerves, and ascend into the neck, that being the direction in which there is least 
resistance. Its progress towards the surface is prevented by the axillary fascia; its 
progress backwards, by the insertion of the Serratus anterior; forwards, by the ccraco- 
clavicular fascia; medialwards, by the wall of the thorax; and lateralwards, by the upper 
limb. The pus in these cases, after extending into the neck, lias been known to spread 
through the superior opening of the thorax into the mediastinal cavity. Instances have 
been recorded where the pus found its way along the vessels into the arm. 

When opening an axillary abscess, the knife should be entered in the floor of the axilla, 
midway between the anterior and posterior margins and near the thoracic side of the 
space. After an incision has been made through the skin and fascia, it is well to use a 
director and dressing forc.eps in the manner directed by Hilton. 

The relations of the vessels and nerves in the several parts of the axilla are important, 
for it is the almost universal plan to remove the lymph-glands from the axilla in operating 
for cancer of the breast. In performing such an operation, it is necessary to proceed wdth 
much caution in the direction of the lateral W'all and apex of the space, as here the axillary 
vessels are in danger of being wounded. The siibscapular, scapular circumflex, and 
posterior humeral circumflex vessels on the posterior wall and the thoracic branches along 
the anterior wall must be avoided. In clearing out the axilla, the axillary vein should 
first bo defined and traced up to the apex of the space by means of a director. In order 
to do this the sternocostal portion of the Pectoralis major, together with the whole of the 
Pectoralis minor, must be divided and turned aside, by which means the surgeon is 
enabled to clear out the axillary, cavity more thoroughly. When the apex of the space is 
reached all the fat and the lymph-glands must bo carefully removed and the whole axilla 
cleared by separating the tissues from above downwards from the vessels, and from the 
medial and posiicrior walls, so that when the proceeding is completed the axilla is emptied 
of all its contents except the main vessels and nerves. 


(/Hillary Artery (fig. 030) 

The axillary artery, the contiauation of iho subclavian, commences 
at tho outer border of tne first rib, and ends at the lower border of tho tendon 
of the Teres major muscle, beyond which the artery takes tho name of brachial. 
Its direction v*aries with the position of the limb : thus the vessel is nearty 
straight when the arm is directed at right angles with the trunk, concave 
upwards wheli the arm is elevated above this, and convex upwards and lateral- 
wards when the arm lies by tho side of the trunk. The first part of the artery 
is deeply situated, but its" terminal part is superficial and is covered only by 
tlio skin and fasci 83 . The Pectoralis minor muscle crosses the vessel and divides 
it into three portions ; tho first pArt is proximal to, the second behind, and 
tho third distal to the muscle. 

The first portion of the axillary artery is covered anteriorUj by the clavicular 
portion of the Pectoralis major and by the coracoclavicular fascia, and is crossed 
by the lateral anterior thoracic nerve, and the thoraco-acroraial and cephalic veins ; 
posterior to it are the first intercostal space and Intercostalis extemns, the firat 
and second digitations of the Seiratus anterior, the long thoracic and media.) anterior 
thoracic nerves, and the medial cord of the brachial plexus ; on its lateral side are 
the lateral and posterior cords of the brachial plexus ; on its medial side is the 
axillary vein which overlaps tho artery. The artery is enclosed, together with 
the axillaiy vein and the brachial plexus, in a fibrous sheath, the axillary slieath, 
continuous above with the deep cervical fascia. 

The second portion of the axHlary artery is covered, anieriorly, by the 
Pectorales major and minor ; posterior to it are the posterior cord of the braclual 
plexus and some areolar tissue which intervene between it and the Subscapularis ; 
on the medial side is the axillary vein, separated from the artery by the medial cord 
of the brachial plexus and the medial anterior thoracic nerve ; on the lateral side 
is the lateral cord of the brachial plexus. The cords of the brachial plexus thus 
surround the artery on three sides, and separate it from direct contact with the 
vein and adjacent muscles. 

The third portion of the axillary artery extends from the lower holder of the 
Pectoralis minor to the lower border of the Teres major. In front, it is covered 
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by the lower part of the Pectoralis major above, but only by the integument and 
fascia below ; behind^ it is in relation wth the lower part of the Subscapmans 
and the tendons of the Latissimus dorsi and Teres major ; on its lakrod side is 
the Coracobrachialis, and on its medial side^ the axillary vein. The nerves of the 
brachial plexus bear the following relations to this part of the artery : on the lateral 
side are the lati^ral head and the trunk of the median, and, for a short distance, 
the musculocutfhieous ; on the medial side are the medial antibrachial cutaneous, 
ulnar, and medial brachial cutaneous nerves. The medial antibrachial cutaneous 
nerve lies between the artery and vein anteriorly, and the ulnar nerve between 
the artery and vein posteriorly ; the medial brachial cutaneous nerve is on the 
medial side of the vein ; in front is the medial head of the median, and behind^ 
the radial and axillary nerves, the latter only as far as the lower border of the 
Subscapularis. 

Fig. 030. — The axillary artery and its branches. 



Applied Anatomy , — Compression of the axillary artery may be required in the removal 
of tumours, or in amputation of the upper part of the arm. The only situation in which 
compression can be elfectually made is in the lower part of its course; by pressing the 
art^ against the humerus in this situation, the circulation may be effectually arrested. 

With the exception of the popliteal, the axillary artery is perhaps more frequently 
lacerated than any other arterj^ in the body by violent movements, particularly in those 
cases where its coats are diseased. It has occasionally ' been ruptured in attempts to 
reduce old dislocations of the shoulder .joint, especially where the artery has become fixed 
to the capsule of the joint. Aneurysm of the axillary artery sometimes occurs and is 
often traumatic in its origin. 

' Ligature of the axillary artery may be required in cases of aneurysm of the upper 
part or the brachial, or as a distal operation for aneurysm of the subclavian; and there 
are only two situations in which it can be secured, viz. in the first and in the third 
parts of its course; the second part of the artery is so deeply seated, and so closely 
surrounded with large nerve trunks, that the application of a ligature to it would be 
almost impracticable. 

Ligature of the third part is easy, and may be performed in the foUowIng maimer. 
The arm is separated from the side, with the hand supinated, and an incision about cm. 
long made through the skin forming the fioor of the axilla, a little nearer to the anterior 
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than to the posterior fold oi the axilla. After dissectius through the areolar tissue aud 
fascia, the median nerve and axillary vein are exposed; these are retracted and, the elbow 
being bent so as to relax the structures, the ligature is applied. This portion of the 
artery is occasionally crossed by a muscular slip, the axillary arch (p. 480). derived from 
the Latissimus dorsi. 

The first portion of the axillary artery may be tied in cases of aneurysm oncroaohiug 
so far upwards that a ligature cannot be applied to the lower part of tho artery. Its 
performance is attended with much difficulty and danger. The student will remark that, 
in this situation, it would be necessary to divide a thick muscle, and, after incising the 
coracoolavicular fascia, tho artery would be exposed at the bottom of a more or less deep 
space, Mdth the cephalic and axillary veins in such relation with it ns must render the 
application of a ligature to it particularly hazardous. Under such circumstances, it is an 
easier and, at the same time, a more advisable operation, to tie the third part of tho sub- 
clavian artery. The first part of the axillary artery can be best secured by a curved 
incision with the convexity downwards from a point 1*25 cm. lateral to the sterno- 
clavicular joint to a point 1*25 cm. on the medial aide of the coracoid process. The limb 
is to bo well abducted and the bend inclined to the opposite side, and the incision carried 
through the superficial structures, care being taken of the cephalic vein at the lateral end 
of the incision. The clavicular origin of the Pectoralis major is then divided in the whole 
extent of the wound. The arm is now brought to the side, and the upper edge of the 
Pectoralis minor defined and drawn downwards. The coracoclavicular fascia is divided, 
and the axillary sheath exposed ; this is to be opened with especial care on account of the 
vein overlapping the artery. The needle should bo passed from below, so as to avoid 
wounding the vein. 

Collateral Cu'culatio7i.—lt tho axillary artery be tied above the origin of tho thoraco- 
acromial artery, the collateral circulation will bo carried on by tho same branches as after 
the ligature of the third part of the subclavian (p. 606) ; if at a lower point, between the 
thoraco-aoroniial and the subscapular arteries, the latter vessel, by its free anastomoses 
with the transverse scapular and transverse cervical arteries, will become the chief agent 
in carrying on the circulation ; the lateral thoracic artery, if it be )>elow the ligature, will 
materially contribute by, its anastomoses with the intercostal and internal mammary 
urierics. If tho ligature be applied below tho origin of the subscapular artery, it will 
most probably also bo below the origins of the two humeral circumflex arteries: the* 
chief agents in restoring the circulation will then bn tho subscapular and the two huinernl 
circumflex arteries anastomosing with the arteria profunda brachii. 

The branches of the axillary artery are : 

From first part 1. Highest thoracic. From second part^y^ LatemHhora^ 

j'4. Subscapular. 

From third part\ 5. Anterior humeral circumflex. 

vG. Posterior humeral circumflex. 

1. The highest thoracic artery (superior thoracic artery) is a small vessel, which 
arises from the axillary artery near the lower border of the Subclavius muscle, but 
may take origin from the thoraco-aciomial artery, llunning forwards and medial- 
wards along the upper border of the Pectoralis minor, it passes between it and 
the Pectoralis major to the side of the chest. It supplies branches to these muscles, 
and to the thoracic wall, and anastomoses with the internal mammary and iiiter- 
costaLarteries* 

2. The thoraco-acromial artery (thoracic axis) is a short trunk, which arises 

from the front of the axillary artery, its origin being generally overlapped by the 
upper edge of the Pectoralis minor. Passing forwards at the upper border of this 
muscle, it pierces the coracoclavicular fascia and divides into four branches — 
pector^, acromial, clavicular, and deltoid. The pectoral branch descends between the 
two Pectorale?, and is distributed to them and to the mamma, anastomo.sing witli 
the intercostal branches of the internal mammary artery and with the lateral 
thoracic artery. The acromial branch runs lateralwards over the coracoid process 
and under the Deltoideus, to which it gives branches ; it then pierces that muscle 
and ends on the acromion in an arterial network formed by ^ranches from the 
transverse scapular, thoraco-acromial, and posterior humeral circumflex arteries. 
The clavicular branch runs upwards and meoialwards between the clavicular part 
of the Pectoralis major and the coracoclavicular fascia ; it gives branches to the 
sternoclavicular joint, and to the Subclavius. The deltoid (hmeral) offien 

arising with the acromial, crosses over the Pectoralis minor and runs with the eejllalic 
vein between the Pectoralis major and Deltoideus, giving branches to l>oth imisclas. 

3. The lateral tboiaoic aitm (long thoracic artery) follows the lower border 
of the Pectoralis minor to the side oi the chest, supplies the SerratTrs anterior and 
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the Pectoralos, and sends branches to the axillary lymph-glands, and to the Sub- 
Bcapulaiis ; it anastomoses with the internal mammary, subscapular, and intercostal 
arteries, and with the pectoral branch of the thoraco-acromial artery. In the 
female, the lateral thoracic artery is large, and gives off an external mammary branch 
which turns round the free edge of the Pectoralis major and supplies the mamma. 

1. The sCJScapolar artery, the largest brancli of the axillary artery, arises at 
the lower border of the Subscapiilaris, which it follows to the inferior angle of the 
scapula, where it anastomoses with the lateral thoracic and intercostal arteries 
and with the descending branch of the transverse cervical artery, and ends in the 
neighbouring muscles and adjacent part of the chest-wall. In the lower part 
of its course it is accompanied by the thoraco-dorsal nerve ; about 4 cm. from 
its origin it gives oil the scapular circumflex artery. 

The scapular circumflex artery (arteria dorsalis scapula?) is generally larger 
than the continuation of the subscapular. It curves round the axillary border 
of the scapula, traversing the triangular space between the Subscapularis above, 
the Teres major below, and the long head of the Triceps laterally (fig. 631) ; it enters 
the iiifrasj)iniitous fossa under cover of the Teres minor, and anastomoses with the 
transverse scapular artery and the descending branch of the transverae cervical 
ai-tery. It gives off two branches : one {infrascapuhr) enters the subscapular 

fossa beneath the Sub- 
scapularis, which it sup- 
plies, and anastomoses with 
the transverse scapular 
artery and the descend- 
ing branch of the trans- 
verse cervical artery ; the 
other is continued along 
the axillary border of the 
scapula, between the Teres 
major and the Teres minor, 
and at the dorsal surface 
of the inferior angle anas- 
toinosc - with the descend- 
ing branch of the trans- 
verse cervical artery. In 
addition to these, small 
branches are distributed 
to the posterior part of the 
Deltoideus and the long 
head of the Triceps brachii, 
anastomosing with an 
ascending branch of the 
arteria profunda brachii. 

D. The anterior humeral 
circumflex artery (fig. 631), 
a small artery, arises from 
the lateral side of the axillary artery at the lower border of the Subscapularis. It 
runs liorizontally, beneatli the Coracobrachialis and short head of the Biceps brachii, 
in front of the neck of the humerus. On reaching the inteitubercular sulcus, it 
gives off a brancli which ascends in the sulcus to supply the head of the humerus 
and the shoulder- joint. The trunk of the vessel is then continued onwards beneath 
the long head of the Biceps brachii and the Deltoideus, and anastomoses with the 
posterior humeral circumflex artery, 

6. The posterior humeral circumflex artery (fig. 631), considerably larger than 
the anterior, arises from the axillary artery at the lower border of the Subscapularis, 
and mns backwards with the axillary nerve through the quadrangular space bounded 
by the Subscapularis and Teres minor above, the Teres major below, the long head 
of the Triceps brachii medially, and the surgical neck of the humerus laterally. 
It winds round the neck of the humerus and is distributed to the Deltoideus and 
shoulder- joint, anastomosing v?ith the anterior humeral circumflex artery and 
arteria profunda brachii. 

PecidiaTiiies.— The branches, of the axillary artery vary considerably in different 
subjects. Occasionally the subscapular, humeral circumflex,’ and profunda arteries arise 


Fig. 631. — The scapular and circumflex arteries. 
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from a common trunk, and when this occurs the branches of the braciiial plexus surround 
this trunk instead of the main vessel. Sometimes the axillary artery divides into tin* 
radial and ulnar arteries, and occasionally it gives origin to the volar interosseous artery 
of the foreann. 


Fro. 632. — The brachial arterN. 


BKACinAL Auteey (fig. 632) 

The brachial artery commences at the distal margin of the tendon of the 
Teres major, runs straight down the arm, and ends about 1 cm. below the bend of 
the elbow by dividing into the 
radial and ulrmr arteries. At lirst 
it lies medially to the humerus ; 
but as it descends it gradually 
inclines to front of the bone, 
and at the bond of the elbow- 
lies midway between its two 
epicondyles. 

Relations. — The artery is super- 
ficial throughout its entire extent, 
being covered by the skin and 
the superficial and deep fascige ; 
the lacertus fibrosus (bicipital 
fascia) lies in front of it opposite 
the elbow and separates it from 
the median cubital vein ; the 
m(?diau nerve crasses from its 
lateral to its medial side opposite^ 
the insertion of the Coraco- 
bracliialis. Posteriorly, it is sepa- 
rated from the long head of the 
Triceps brachii by the radial nerve 
and arteria profunda brachii. It 
tlicn li(is upon the medial head of 
the Triceps brachii, next upon 
the insertion of the Coracobrachi • 
alls, and lastly ou the Brachialis. 

Laterally, it is in relation above 
with the median nerve and the 
Coracobrachial is, below with the 
Biceps brachii, the two muscles 
overlapping the artery to a con- 
siderable extent. Medially, its 
upper half is in relation with the 
medial antibrachial cutaneous 
and ulnar nerves, its lower half 
with the median nerve. The 
basilic vein lies on its medial side, 
but is separated from it in the 
lower part of the arm by the deep 
fascia. The artery is closely accom- 
panied by two vensB comitantes 
which are connected at intervals 
bv short transverse branches. 
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Cubital Fossa 

At the bend ef the elbow the bratihial artery winks deeply into a triangular 
interval, the cubital fossa. The base of the triangle is represented by a line 
connecting the two humeral epicondyles ; the sides are formed by the medial 
edge of the Brachioradialis and the lateral margin of the Pronator teres ; the 
fl<mr consists of the Brachialis and Supinator. This fossa contains the term^ 
part of the brachial artery, its accompanying veins, the radial and ulnar arteries, 
the median and radial nerves, and the tendon of the Biceps hracliii. The 
brachial artery occupies the middle of the fossa, and divides opposite the 
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neck of the radius into the radial and ulnar arteries ; it is covered, in front, 
by the skin, the superhcial fascia, and the median cubital vein, the last being 
separated from the artery by the lacertus fibrosus. Behind it is the Brachialis, 
which separates it from the elbow-joint. The median nerve lies close to the 
medial side of the artery above, but is separated from it below by the ulnar 
head of the j^nator teres. The tendon of the Biceps brachii is lateral to 
the artery ; the radial nerve rests upon the Supinator, and is concealed bj' the 
Braohioradialis. 

PeculiaritieH , — The brachiiil artery, accompanied by the median nerve, may leave the 
medial border of the Biceps brachii, and descend towards the medial cpicondyle of the 
humerus ; in such cases it usually passes behind the supracondylar process of the humerus, 
from which a fibrous arch is in most coses thrown over the artery ; it then runs beneath 
or through the substance of the Pronator teres, ‘to the bend of the elbow. This variation 
bears considerable analogy with the normal condition of the artery in soino of the carni- 
vora, and has been referred to in the description of the humerus (p. 277 *). Occasionally, 
the upper part of the artery splits into two trunks which reunite. Freqiiently it divides 
at a higher level than usual, and the vessels concerned in this high division are three : 
viz. radial, ulnar, and interosseous arteries. Most frequently the radial is given off high 
np, the other limb of the bifurcation consisting of the ulnar and interosseous; in some 
instances the ulnar originates above the ordinary level, and the radial and interosseous 
form the other limb of the division; occasionally the interosseous arises higli up. 

Sonu'.times long slcnrier vessels, termed vasa aherrantia, connect the brachial or the 
axillary artery 'with one or other of the arteries of the forearm. These vessels usually join 
the radial. 

The brachial artery is occasionally concealed in some part of its course, by luuscular 
or tendinous slips derived from the Coracobrachialis, Biceps brachii, Brachiali-?. or 
Pronator tores. 

Applied Anatomy . — In spite of the fact that the brachial arteiy is very superficial 
and but little protected by surrounding parts, it is seldom wounded. This, no doubt, is 
due to its sitiaation on the medial side of the arm, which is little exposed to injury. 

Compression of the brachial artery is required in cases of amputation and some other 
operations in the arm and forearm , and may be effcqted in almost any part of the course 
of the artery. If pressure bo made in the upper part of the arm, it sliould be directed 
lateralwards ; if in the lower part, backwards, as the artery lies cn the mcdifil side of 
the hufiK'rus above, and in front of it below. Tlie most favourable situation is about 
the middle of the arm, whore tlio artery lies on the tendon of the ('oracobracliialis on the 
medial surface of the humerus. 

Ligature of the brachial artery mpy be required in cases of wound of the vessel, and in 
some cases of wound of the volar arch. It is also sometimes necessary in cases of 
aneurysm of ih(v braoliial, r adial, ulnar, int'vosseous arteries. Tlie artery may be 
secured in any part of its course. Th(3 chief gindes in determining its position are the 
surface markings producea by the medial margins of the Coracobrachialis and Biceps 
brachii, and the known course oi the vessel; its pulsation should bo carefully felt for 
before any operation is performed, as the vessel occasionally deviates from its usual 
position. It is essential in applying a ligature to this vessel that the arm should be hold 
away from the side of the body, and supported only from the elbow, for if the arm be 
allowed to rest on any linn structure the Triceps brachii is pressed forwards and overlaps 
the vessel, thus making the opcjration much more difficult. 

In the upper third of the arm the brachial artery may be exposed in the following 
manner. The patient being placed supine, the limb should be raised from the side, and 
the hand supinated. An incision about 5 cm. in length is made on the medial side of the 
Coracobrachialis, and the subjacent fascia cautiously divided, so as to avoid wounding 
the medial antibrachial cutaneous nerve or basilic vein, as the latter sometimes runs on 
the surface of the artery as high as the axilla. The fascia having been divided, it should 
be remembered that the ulnar nerve and the medial antibrachial cutaneous nirvo lie on 
the medial side of the artery, the median nerve on the lateral side but occasionally super- 
ficial to the artery in this situation, and that the vense comitantes are also in relation with 
the vessel, one on either side. These being carefully separated, the aneurysm needle 
should be passed round the artery from the medial side. 

In the case of a liigh division, the two arteries are usually placed eido by side; and 
if they are exposed in an operation, the surgeon should endeavour to ascertain, by 
alternately pressing on each vessel, which is connected with the wound or aneurysm, 
when B ligature may be applied accordingly; if pulsation or hemorrhage ceases only when 
both vessels are compressed,. both must be tied. 

In the middle of the arm the brachial artery may be exposed by making an incision 
along the medial margin of the Biceps brachii. The forearm is then bent so as to relax 
this muscle which should be drawn aside, and the fascia carefully divided, when the 
median nerve will be exposed lying upon (sometimes behind) the artery ; the nerve being 
draivn medialwardS and the muscle lateralwards, the artery should be separated from its 
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-dcocmipan^'ing veins and secured. In this situation the superior ulnar collateral artery 
(mferior profunda art^y) may be mistaken for the main trunk, especially if enlarged from 
the collateral circulation having become established; this may be avoided by directing 
the incision towards the Biceps bracliii, rather than towards the Triceps brachii. 

The lower part of the brachial artery is of interest on account of the relation it bears 
to the veins most commonly opened in venesection. Of these vessels, the median cubital 
vein (median basilic vein) is the latest and moat prominent, and consequently one 
usually selected for the operation. This vein runs parallel with the brachial artery, from 
which it is separated by the lacertus librosus (bicipital fascia), and care should bi‘ taken, 
in opening the vein, not to carry the incision so deep as to endanger the artery. 

Collateral Circulation^ — x\fter the application of a ligature to the brachial aricry in the 
upper third of the arm, the circulation is carried on by branches from the humeral 
circumflex and subscapular arteries anastomosing with ascending branches from the 
arteria profunda brachii. If the artery be tied below the origins of the artcria profunda 
brachii and superior ulnar collateral artery, the circulation is maintained by the branches 
of these two arteries anastomosing with the inferior ulnar collateral artery, and u ith the. 
radial, the ulnar, and the interosseous recui-rent arteries. 

The branches of the brachial artery are : 

1. Arteria profunda brachii. 3. Superior ulnar collateral. 

2. Nutrient. 4. Inferior ulnar collateral. 

5. Muscular. 

r The arteria profunda brachii (superior profunda artery) is a large vessel 
which arises from the medial and posterior part of the brachial artery, just distal 
to the lower border of the Teres major. It follows closely the radial nerve, running 
at first backwards between the medial and lateral heads of the Triceps brachii, 
then along the sulcus for the radial nerve, where it is covered by the lateral head 
of the Triceps brachii, to the lateral side of the arm ; there it pierces the lateral 
intermuscular septum, and, descending between the Brachioradialis and the 
Brachialis to the front of the lateral ^icondylc of the humerus, ends by anastomosing 
with the radial recurrent artery. It gives branches to the Deltoideus and to the 
muscles between which it lies ; it supplies an occasional nutrient artery which enters 
the humerus behind the deltoid tuberosity. A branch ascends between the long 
and lateral heads of the Triceps brachii to anastomose with the posterior humeral 
circumflex artery ; a middle collateral branch descends in the medial head of the 
Triceps brachii with the nerve which supplies the Anconeeus muscle, and assists 
in forming the anastomosis above the olecranon ; and, lastly, a radial collateral 
branch (posterior branch of superior profunda) runs down behind the lateral inter- 
muscular septum to the back of the lateral epioondyle of the humerus, where it 
anastomoses with the interosseous recurrent and the inferior ulnar collateral 
arteries. 

2. The nutrient artery of the humerus arises about the middle of the atm aud 
enters the nutrient canal near the insertion of the Coracobrachialis. 

3. The superior ulnar collateral artery (inferior profunda artery), of small size, 
arises from the brachial a little below the middle of the arm ; it frequently springs 
from the upper part of the arteria profunda brachii. It accompanies the ulnar 
nerve, pierces the medial intermuscular septum, descends between the medial 
epicondyle and olccrauon, and ends under the Flexor carpi ulnaris by anastomosing 
with the posterior ulnar recurrent and inferior ulnar collateral arteries. It some- 
times sends a branch in front of the medial opicondyle, to anastomose \vith the 
anterior ulnar recurrent artery. 

4. The inferior ulnar collateral artery (arteria anastomotica magna) arises about 
5 cm. above the elbow. It passes medialwards upon the Bracliialis and, piercing 
the medial intermuscular septum, winds round the bock of the humerus oetween 
the Triceps brachii and the bone, forming, by its junction with the arteria profunda 
brachii, an arch above the olecranon fossa. As the vessel lies on the Brachialis, 
it gives off branches which ascend to join the superior ulnar collateral artery ; 
others descend in front of the medial epicondyle, to anastomose with the anterior 
ulnar recurrent arteiy. Behind the medial epicondyle a branch anastomoses with 
the superior idnar couateraland posterior ulnar recurrent arteries. 

5. The muioulat Wauclies, three or four in number, are distributed to the. 
Coracobrachialis, Bicops brachii, aud Brachialis. 

Ilia aaaatomoBis around ilie elbow-joint (fig. 633).— The vessels eugaged in this 
anastomosis may be conveniently divided into those situated m frani of, and ^oae 
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behind the medial and lateral epicondyles of the humerus. The branches anas- 
tomosing in front of the medial epicondyle are ; the anterior branches of the 
superior and inferior ulnar collateral arteries and the anterior ulnar recurrent 
artery. Those behind the medial epicondyle are : the superior and inferior ulnar 
collateral arteries and the posterior ulnar recurrent artery. The branches anasto- 
mosing in front otthe lateral epicondyle are : the terminal part of the arteria pro- 
funda brachii and the radial recurrent artery. Those behind the lateral epicondyle 


Fig. 633. — DiHgiain of tlio anastomosis around the elbow-joint. 
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are ; the radial collateral branch of the arteria profunda brachii, the inferior ulnar 
collateral, and interosseous recurrent arteries. There is also an arch of anastomosis 
above the olecranon, formed by the inferior ulnar collateral artery joining with the 
interosseous recurrent and the posterior ulnar recurrent arteries (fig. 636). 


Radial AnTJERy (tig, 634) 

The radial artery, though smaller than the ulnar, appears, from its direc- 
tion, to bo the continuation of the brachial artery. It begins at the bifurca- 
tion of the brachial, about 1 cm. below the bend of the elbow, and passes along 
the radial side of the forearm to the wrist. It then winds backwards, round 
the lateral side of the carpus, under cover of the tendons of the Abductor 
pollicis longus and Extensores pollwus brevis and longus to the upper end of 
the space between the first and second metacarpal bones where it passes forwards 
between the two head.s of the first Interosseus dorsalis, into the palm of the 
hand ; it crosses towards the ulnar side of the palm, and unites with the deep 
volar branch of the ulnar artery to form the deep volar arch. The radial 
artery is therefore divisible into three portions, one in the forearm, a second 
at the back of the wrist, and a third in the hand. 
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BelatiODS. — (a) In the /oream, the radial artery extends from the neck of the radius 
to the front part of its styloid process, being placed to the medial side of the body of 
the bone above, and in front 


of it below. Its upper part 
is overlapped by the fleshy 
belly of the Brachioradialis ; 
the rest of the arten is only 
covered by the skin, the 
superficial and deep fasciae. 

It lies successively upon 
the tendon of the Biceps 
brachii, the Supinator, the 
Pronator teres, the radial 
origin of the Flexor digit- 
OTum sublimis, the Flexor 
pollicis longus, the Pro 
nator quadratus, and the 
lower end of the radius. 
In the upper third of its 
course it is placed between 
the Brachioradialis and the 
Pronator teres ; in the lo\ver 
two-thirds, between the 
tendons of the Brachio- 
radialis and Flexor ca^i 
radialis. The superficial 
branch of the radial nerve 
is close to the lateral side of 
the artery in the middle 
third of "its course : and 
some filaments of the lateral 
antibrachial cutaneous nerve 
run along the lower part of 
the artery as it winds round 
the wiist. The artery is 
accompanied by a pair of 
ven® comitantes. 

(b) At the wristy the radial 
artery reaches the back of 
the carpus by passing 
between the radial collateral 
ligandent of the wrist and the 
tendons of the Abductor 
pollicis longus and Extensor 
pollicis brevis. It then 
descends on the navicular 
and greater multangular 
bones, and before disappear- 
ing between the heads of the 
first Interosseus dorsalis is 
crossed by the tendon of 
the Extensor pollicis longus. 
In the interval between the 
two Extensores pollicis^ it 
is crossed by the digital 
rami of the superficial 
branch of the radial nerve, 
which go to the thumb and 
index finger. 

(c) In the hmdy the radial 
artery passes from the upper 
end of the first interosseous 


Fig. 034. — Right radial and ulnar arteries. 
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Adductor poUicis, then runs between the oblique and transverse parts, or through 
the transverse part, of that muscle, and, at the base of the fifth metacarpal bone,, 
anastomoses with the deep volar branch from the ulnar artery, complying the 
deep vohr arch (fig. 636). 

Peculiaritie^- ''^^^ about 12 per cent, of cases the origin of the radial artery is higher 
than usual; it thl& arises more often from the axillary or uppfer part of the brachial than 
from the lower part of the latter vessel. In the forearm it deviates less frequently from 
its normal position tlian the ulnar artery. It sometimes lies on the deep fascia instead of 
beneath it, and on the surfaco of the Brachioradialis instead of under its medial border; 
in turning round the wrist, it occasionally lies on, instead of beneath, the extensor tendons 
of the thumb. 

Applied Anatomy , radial artery is muqh exposed to injury in its lower third,, 
and is frequently wounded ; the injury may be followed by a traumatic aneurysm. 

Ligature of the radial artery is required in cases of wounds either of its trunk, or of 
some of its branches, or for aneurysm. In the middle or distal third of the forearm it is 
easily reached; but in the proximal third, near the elbow, the operation is attended with 
some difficulty, owing to the greater depth of the vessel, and its being overlapped by the 
Brachioradialis. 

To tie the artery in the proximal third of the forearm, an incision 7 or 8 cm. long 
should be made through the skin, in a line drawn from the centre of the bond of the elbow-^ 
to the front of the styloid process of the radius, avoiding the branches of the medial 
antibrachial vein ; when the fascia of the arm is divided, and the Brachioradialis drawn 
aside, the artery will he exposed. The venm comitantes should be separated from the 
vessel and the ligature passed from the radial to the ulnar side. 

In the middle third of the forearm the artery may be exposed by making an incision 
of similar length on the medial border of the Brachioradialis. In this situation, the 
superficial part of the radial nerve lies in close relation with the lateral side of the artery, 
and shoxild be avoided. 

In the distal third, the artery is easily secured by dividing the skin and fascia between 
the tendons of the Brachioradialis and Flexor carpi radialis. Whon operating on the 
cadavei', students are apt to forget how near to the surface the artery is in this situation. 

The branches of the radial artery may be divided into tliree groups, corre- 
sponding with the three regions in which the vessel is situated. 

In the forearm. At the wrist. In the hand. 

Radial recurrent. Dorsal carpal. Princeps pollicis. 

Muscular. First dorsal metacarpal. Volaris indicia radialis. 

Volar carpal. 

Superficial volar. 

The radial recurrent artery arises immediately below the elbow. It ascends 
betw-een the branches of the radial nerve, lying on the Supinator and then between 
the Brachioradialis and Brachialis ; it supplies these muscles and the elbow-joint, 
and anastomoses with the terminal part of the arteria profunda brachii. 

The muscular branehes are distributed to the muscles on the radial side of 
the forearm. 

The volar carpal branch is a small vessel which arises near the lower border 
of the Pronator quadratus, and. running across the front of the carpus, anastomoses 
with the volar carpal branch of the ulnar artery. This anastomosis is joined by a 
branch from the volar interosseous artery, and by recurrent branches from the deep 
volar arch, thus forming a volar carpal network which supplies the articulations 
of the wTist and carpus. * , 

l^e superficial volar branch arises from the radial artery, just where this vessel 
is about to wind round the lateral side of the wrist. Running forwards, it pa^es 
through, occasionally over, the muscles of the ball of the thumb, which it supplies, 
and sometimes anastomoses with the terminal portion of the ulnar artery completing 
the superficial volar arch. This vessel varies considerably in sisje : usually it is 
very small, and ends in the muscles of the thumb ; sometimes it is as Is^^ge is the 
continuation of the radial. 

The dorsal carpal branch is a small vessel which arises beneath the Extensor 
tendons of the thumb ; crossing the back of the carpus transversely towai^ the 
medial border of the hand, it anastomoses with the dorsal c^al branch of the 
ulnar artery, and with tlie volar and dorsal interosseous arteiie,s..to forin a dorsal 
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eofrpal netwwk. Prom this network are given off three slender dcrrsal metacarpal 
arterieSf whioh descend on the second, third, and fourth Interossei dorsales and 
bihireate into dorsal digital branches for the supply of the adjacent sides of the 
middle, ring, and little fingers respectively ; they communicate with the proper 
volar ^gital branches of the superficial volar arch ; near their origins they anasto- 
mose with the de^ volar arch by the superior perforating arteries^ and near their 
points of bifurcation with the common volar digits! vessels of the superficial volar 
arch by the inferior' perforating arteries. 

The first dorsal . metacarpal artery arises just before the radial artery passes 
between the two heads of the first Interosseus dorsalis, and divides almost immedi- 
ately into two branches which supply the adjacent sides of the thumb and index 
finger ; the radial side of the thumb receives a branch directly from the radial artery. 

The arteria prinoeps iMolliciS arises from tlie radial artery just as it turns medial- 
wards to the deep j)art of the hand ; it descends between the first Interosseus 
dorsalis and the obhque part of the Adductor pollicis, along the medial side of the 
metacarpal bone of the thumb to the base of the first phalanx, where it lies beneath 
the tendon of the Flexor pollicis longus and divides into two branches. These 
make their appearance between the medial and lateral insertions of the oblique 
part of the Adductor pollicM, and run along the sides of the thumb, forming on 
the volar surface of the last phalanx an arch, from which branches are distributed 
to the integument and subcutaneous tissue of the thumb. 

The arteria volaris indicis radialis« frequently a branch of the proximal part 
of the arteria princeps pollicis, descends between the first Interosseus dorsalis 
and the transverse part of the Adductor pollicis, and runs along the lateral side 
of the index finger to its extremity, where it anastomoses with the proper digital 
artery supplying the medial side of the finger. At the lower border of the transverse 
part of the Adductor pollicis this vessel anastomoses with the arteria princeps 
pollicis, and gives a communicating branch to the superficial volar arch. 

The arteria princeps pollicis and arteria volaris indicis radialis may spring from 
a common trunk termed the first volar metacarpal artery. 

The deep volar aroh (deep palmar arch) (fig. 635) is formed by the anastomosis 
of the terminal part of the radial artery with the deep volar branch of the ulnar 
artery. It lies upon the proximal ends of the metacarpal bones and on the Interossei, 
and is covered by the oblique part of the Adductor pollicis, the flexor tendons 
of the fingors, and the Liimbricales. Alongside it, but running in the opposite 
direction — ^that is to say, towards the lateral side of the hand — is the deep branch 
of the ulnar nerve. 

The branches of the deep volar arch are : volar, metacarpal, perforating, and 
recurrent. 

Volar metacarpal arteries^ three in number, arise from the convexity of the 
deep volar arch ; they run distally upon the Interossei of the second, third, and 
fourth spaces, and anastomose at the clefts of the fingers with the common digital 
branches of the superficial volar arch. 

Perforating branches* three in number, pass backwards from the deep volar 
arch, through the second, third, and fourth interosseous spaces and between the 
hi^ads of the corresponding Interossei dorsales, to anastomose with the dorsal 
metacarpal arteries. 

Recurrent branches arise from the concavity of the deep volar arch ; they 
ascend in front of the wrist, supply the intei'carpal articulations and end in the 
volar carpal netwrork. 


Ulnar Artjbry (fig. 635) 

The ulnar artery, the larger of the two terminal branches of the brachial 
artery, begins about 1 cm. below the bend of the elbow, and, passing obliquely 
downwards, reaches the ulnar side of the forearm at a point about midway 
between the elbow and the wrist. It then runs along the ulnar border to the 
wrist, crosses the transverse carpal ligament on the radial side of the pisiform 
bone and immediately beyond this bone divides into two branches, which 
enter into the fc^'mation of the superficial and deep volar arches. 

BelatlQii%--(a) In the forekrm , — He upper half oi the vef^el is deeply seated, 
being covered by the Pronator teres, Flexor carpi radialis, Palmaris lonjt^s, and 
Flexor digitoriim sublimis ; it lies upon the Brachialis and Plexor digitoruin 
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profundus. The inodiaii nerve is in relation 
artery for about 2*5 cm. and then crosses’ the 
it by the ulnar head of the Pronator teres. 

Fui. 035. — Ri^bt rjidial and nlnnr arteries. 

- -9 Deep view. 
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with the medial side of the 
vessel, but is separated from 
The lower half lies upon the 
Flexor digitorum profundus ; 
it is covered by the skin, 
superficial and deep fasciee, 
and is placed between the 
Plexor carpi ulnaris and 
Flexor digitoi’um sublimis. 

It is accompanied by two 
venaj comitantes, and is over- 
lapped in its middle third by 
the Flexor carpi ulnaris ; the 
ulnar nerve lies on the medial 
side of the lower two-thirds 
of the artery, and the palmar 
cutaneous branch of the nerve 
descends on the lower part 
of the vessel to the palm of 
the hand. 

(6) At the wrist (fig. 034) 
the ulnar artery is covered by 
tbe integument and the volar 
(^arpal ligament, and lies upon 
the transverse caiyal liga- 
ment. On its medial side is 
the pisiform bone, and, 
somewhat behind the artery, 
the ulnar nerve. 

l*ccvliariticH, — TIjc iiliiiU* 
artery varies in its origin in 
about 8 per eniit. of cases; it 
frequently et rises above the 
elbow, the brachial being more 
often the source of origin than 
the axillary. When its origin is 
norjual, the course of the vessel 
is rarely changed. When ic 
arises high np, it is almost 
invariably superficial to the 
flexor muscles in the forearm, 
lying commonly beneath tin 
fascia, more rarely between the 
fascia and skin; the brachial 
artery then gives off the com- 
mon interosseous artery, and 
the latter, the anterior and pos- 
terior ulnar recurrent arteries. 
Occasionally it is subcutaneous 
ill the upper part of the fore- 
arm, and subaponeurotic in the 
lower part. 


Applied Anatomy , — Ligature 
,of the ulnar artery is required in 
cases of wound of the artery, or 
of its branches, or in consequence of aneurysm. Ligature of the artery in the upper half 
of the forearm is attended with some difiBculty as this part of the vessel is deeply seated 
beneath the superficial flexor muscles. An incision is to be made in the course of a line 
drawn from the front of the medial epicondyle of the humerus to the lateral side of the 
pisiform bone, so that tbe centre of the incision is three fingers* breadths below the medial 
epicondyle. The skin and superficial fascia having been divided, and the deep fascia 
exposed, the white line which separates the Flexor carpi ulnaris from the other flexor 
muscles is to be sought for, and the fascia incised in this line. The Ilexor carpi ulnaris is 
now to be carefully separated from tbe other muscles, when the ulnar nerve will be 
exposed lying on the Flexor digitorum profundus, and must be drawn aside> The artery, 
accompanied by its venae comitantes, liet to the lateral side of the nerve. In the middle 
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aaad lower thirdB cl the forearm, the artery may be easilv secured by making an inoision 
on the radial side of the tendon of the hlexor carj^i ulnaris : when the deep fascia is 
divided, and the tendon separated from the Flexor digitorum sublitnis, the vessel will be 
exposed, accompanied by its venie comitantes, the ulnar nerve lyitig on its medial side. 


The branches of the ulnar artery may be arranged in the following groups : 
fAnterior recurrent. f Volar cai-pal 


In the forearm 


Posterior recurrent. 
Common interosseous. 
iMuscular. 


In 


\ Dorsal carpal. 
the volar arch. 


The anterior ulnar recurrent artery arises immediately below the elbow-joint, 
runs upwards between the Brachialis and Pronator teres, supplies twigs to those 
muscles, and, in front of the medial epicondyle, anastomoses with the superior and 
inferior ulnar collateral arteries. 

The posterior ulnar recurrent artery is much larger, and arises somewhat lower 
than the preceding artery. It passes backwards and medialwards on the Flexor 
digitorum profundus, behind the Flexor digitorum sublimis, and ascends behind 
the medial epicondyle of the humerus. In the interval between this process and the 
olecranon, it lies beneath the Flexor carpi ulnaris, and ascends between the heads 
of this muscle, in relation with the ulnar nerve ; it supplies the neighbouring muscles 
and the elbow- joint, and anastomoses with the superior and inferior ulnar collateral 
and the interosseous recurrent arteries (fig. 636). 

The common interosseous artery (fig. 635), about 1 cm. in length, arises immedi- 
ately below the tuberosity of the radius, and, passing l)ackwards to the upper 
border of the antibrachial interosseous membrane, divides into two branches, the 
volar and dorsal inlerosseons arteries. 

The volar interosseous artery (fig. 635) descends on the volar surface of the 
antibrachial interosseous membrane, accompanied by the volar interosseous branch 
of the median nerve, and overlapped by the contiguous margins of the Flexor 
digitorum profundus and Flexor pollicis longus ; it gives off mmcular branches, and 
tlk* nutrient arteries of the radius and ulna. At the upper border of the Pronator 
quadratus it pierces the membrane and reaches the back of the forearm, whore 
it anastomoses with the dorsal interosseous artery and descends on the back of 
the wrist in the compartment of the dorsal carpal ligament containing the tendons 
of the Extensor digitorum communis and Extensor iridicis proprius, and joins 
the dorsal carpal network. The volar interosseous artery gives off a slender branch, 
the arlcria medianay whicli accompanies the median nerve, ainl sends offsets to 
its substance ; this artery is sometimes much enlarged, and runs with the median 
nerve into the palm of’ the hand. Before the volar interosseous artery pierces the 
antibrachial interosseous membrane, it sends a branch downwards fehind the 
Pronator quadratus to join the volar carpal nelavork. 

The dorsal interosseous artery (fig. 636), usually smaller tiian the volar inter- 
osseous artery, passes backwards between the oblique coni and the uj^per ]>order 
of the antibrachial interosseous membrane. It appears oti the back of the 
forearm between the contiguous borders of the Supinator and the Abductor 
pollicis longus, and descends between the superficial and deep layers of muscles, 
to both of which it distributes branches. As it lies upon the Abductor pollicis 
longus and the Extensor pollicis brevis, it is accompanied by the deep branch 
of the radial nerve. At the lower part of the forearm it anastomoses with the 
termination of the volar interosseous artery, and with the dorsal carpal network. 
It gives off, near its origin, the interosseous recurrent artery, which ascends to the 
interval between the lateral epicondyle and olecranon, on or through the fibres 
of the Supinator, but beneath the Anconssus, and anastomoses with the radial 
collateral branch of the arteria profunda brachii, the posterior ulnar recurrent, 
and the inferior ulnar collateral arteries. 

The muscular branches are distributed to the muscles along the ulnar side of 
the foreaipi. 

The volar carpal branch is a small vessel which crosses the front uf the caipua 
behind the tendons of the Flexor digitorum profundus ; it anastomoses with the 
volar carpal branch of the radial artery, and assists in forming the volar carpal 
network. 

The dorsal carpal hrmieh arises immediately above the pisiform bone, and 
winds backwards beneath the tendon of the Flexor carpi nlnans ; it passes across 

«.A. 2r 
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the doisal surface of the carpus under cover of the extensor tendons^ anastomosea 
with the dorsal cai^l branch of the radial artery, and assists in fonmng the dorsal 
carpal network, uoso to its origin it gives ofE a small branch, which runs along 


Fio. 030 . — Artcricbi of tlic back of the right forearm and hand. 



the ulnar side of the fifth metacarpal bone, and supplies the ulnar side of the dorsal 
surface of the little finger. 

The deep volar branch (fig. 635) passes between the Abductor digiti qiiinti and: 
Hexor digiti . quinti breris and through the origin of the Opponens ^giti quinti ; 
it anastomoses with the radial artery, and completes the deep volar arch. 
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The supeifidal vdar andi {superficial palmar arch) (fig. 634) is formed mainly 
by the iilnar artery, and is usually completed by a branch from the arteria volaris 
indicis radialis, but sometimes by the superficial volar artery or by a branch from the 
arteria piinceps pollicis of the radial artery. The arch passes across the palm, 
describing a curve, with its convexity downwards. 

Relations. — ^It is covered by the skin, the Palmaiis brevis, and the palmar 
aponeurosis. It lies upon the transverse carpal ligament, the Flexor digit! quinti 
brevis and Opponens mgiti quinti, the tendons of the Flexor digitorum sublimis, 
the Lumbricales, and the divisions of the median and ulnar nerves. 

Three common volar digital arteries (fig. 634) arise from the convexity of tlie 
superficial volar arch and proceed downwards on the second, third, and fourth 
Lumbricales. Each is join^ by the corresponding volar metacarpal artery, and 
then divides into a pair of proper volar digital arteries which run along the conti^ous 
sides of the index, middle, ring, and little fingers, behind the corresponding digital 
nerves ; they anastomose freely in the subcutaneous tissue of the finger tips and 
by smaller branches near the interphalangeal joints. Each gives off a couple of 
dorsal branches which anastomose with the dorsal digital arteries, and supply the 
soft parts on the back of the second and third phalanges, including the matrix 
of the finger-nail. The proper volar digital artery for the medial side of the little 
finger springs from the ulnar artery under cover of the Palmaris brevis. 

Applied Anatomy . — ^Wounds of the volar arches arc always difficult to deal with. 
When the superficial arch is involved it is generally possible (enlarging the wound when 
noccRsary) to secure the vessel and tie it on both aides of the bleeding point; or in c«'iscs 
where it is found impossible to encircle the vessel with a ligature, a pair of Wells’s artery 
clips, may bo applied and left on for twenty-four or forty-eight hours. Failing this, the 
wound may be plugged with gauze and an outside dressing carefully bandaged on. The 
plug should be allowed to remain untouched for three or four da>s. It is useless in those 
cases to ligature one of the arteries of the forearm alone, and indeed simultaneous ligatures 
of both radial and ulnar arteries above the wrist is often unsuceessfnJ, on aeeoiiiit of the 
anastomosis carried on by the carpal arches. Therefore, upon the failure of pi*ossurf3 to 
arrest hteuiorrhage, it is expedient to apply a ligature to the brachial artery. 

When an incision for deep-seated suppmation in the tcjidori-slioath is required, tlie 
situation of the superficial arch must alwayi bo borne in mind, and the incisions placed 
either above or below it. The position of the common digital branches of the artery 
must also be reniomborcd, and the Incisions made in front of the beads of the metacarpal 
l)ones and not bet\V(‘en them. 


ARTERIES OF THE TRUNK 
l)EgcBJNi>iNG Aorta 

The descending^ aorta is dividend into two portions, the thoracic and 
abdominal, in correspondence with the two great cavities in which it is situated. 


Thoracic Aorta (fig. 637) 

The thoracic aorta is contained in the iDosterior mediastinal cavity. 
It begins at the lower border of the fourth thoracic vertebra where it is con- 
tinuous with the aortic arch, and ends in front of the lower border of the twelfth 
thoracic vertebra at the aortic hiatus in the Diaphragm. At its commencement, 
it is situated on the left of the vertebral column ; it approaches the median line 
as it descends, and at its termination lies in front of the column. 

Relaticnui. — It is in relation, anteriorly, from above downwards, with the root 
of the left lung, the pericardium, the oesophagus, and the Diaphragm ; posteriorly, 
with the vertebral column, the hemiazygos and accessory hemiazygos veuis ; on 
the right side, with the azygos vein and thoracic duct ; on the left side, with the 
left pleura and lung. The ODsophagus, with its accompanying plexus of nerves 
lies on the ri^t side of the aorta above ; but at the lower part of the thorax it is 
placed in front of the aorta, and, close to the Diaphragm, is situated on its left side. 

Peculiarities ’. — The lumen of the aorta is occasionally found to be partly oi* complptefy 
obliterated, either at the^rtic isthmus, or close to the point where tno ductus arteriosus 




the aorta immediately below the stenosis by means of the following vessels— Firstly, the 
internal mammary, anastomosing with the intercostal arteries, with the inferior phrenic 
of the abdominal aorta by means of the musculophrenic and pericardiacophrenic, and 
largely with the inferior epigastric. Secondly, the costooervical trunk, anastomosing 
anteriorly by moans qi a large branch with the first aortic intercostal, and posteriorly 
with the posterior branch of the same artery. Thirdly, the inferior thyreoid, by means of 
a branch about the size of an ordinary radial, forming a communication with the first 
aortic intercostal. Fourthly, the transverse cervical, by means of very large communica- 
tions with the posterior branches of the intercostals. Fifthly, the branches (of the sub- 
clavian and BxiUATy) going to the side of the chest enlarge, and anastomose freely with the 
lateral branches of the intercostals. In a second case Wood describes the anastomoses 





THORACIC AORTA 


in a somewhat similar maimer, adding the remark ^ that * the blood which was brought 
into the aorta through the anastomoses of the intercostal arteries appeared to bo expended 
principally in supplying the abdomen and pelvis while tho supply to the lower extremi- 
ties had passed through the internal mammary and epigastrics.’ 

Applied Anatomy , — The effects likely to be produced by aneurysm of tho thoracic- 
aorta, a disease of common occurrence, must now be considered. When the great depth 
of the vessel from the surface, and the number of important structures which surround 
it, are remembered, it may easily bo conceived what a variety of obscure symptoms are 
likely to arise from disease of this vessel, and how they may be mistaken for those of other 
affections. Aneurysm of the thoracic aorta most usually extends backwards, along the 
left side of the vertebral column, producing absorption of tho bodies of the vertebree, with 
curvature of the column ; while the irritation or pressure on the medulla spinalis will give 
rise to pain, either in tho chest, back, or loins, with radiating pain in the left upper inter- 
costal spaces, from pressure on tho intercostal nerves; at tho same time tho aneurysm 
may project backwards on either side of tho vertebral column, beneath tho skin, as a 
pulsating swelling, simulating abscess connected with diseased bone; or it may displace 
the oesophagus, or compress tlii^ lung on one or the other side. If the aneurysm extend 
forward, it may press upon and displace tho heart, giving rise to palpitation and other 
symptoms of disease of that organ ; it may displace or compress the msophagus, causing 
pain and difficulty of swallowing; and ultimately oven open into it by .ulceration, 
producing fatal haemorrhage. If the aneurysm extend to the riglit wich?, it may press upon 
the thoracic duct; or it may burst into the plournl cavity, or into the trachea or lung; 
and, lastly, it may open into the posterior mediastinal cavity. Pressure on one of the 
bronchi, usually the left, w’ill cause cough, and in time set up bronchiectasis; pr(?ssuro 
on the left pulmonary plexus has been said to give rise to asthmatic attacks. Of late 
years, tho diagnosis of thoracic aneurysm has been much facilitated by tho employment 
of the ac-rays, by means of which tho outline of the sac may be demo)jstrati?d. 


Brajiches of the Thoracic Aorta 


Visceral 


fPericardial. 

Bronchial. 

[G5sophageal, 


l^iriotal 


Mediastinal, 
Superior phrenic. 
Intercostal. 
.Subcostal. 


The pericardial branches consist of a few small vessels which are distributed 
to the posterior surface of the pericardium. 

The bronchial arteries vary in number, size, and origin. There is as a rule 
one right bronchial artery, which arises from the first aortic intercostal artery, or 
from the upper left bronchial artery. The left bronchial arteries are usually two 
in number and arise from the thoracic aorta. The upper loft bronchial artery arises 
opposite tho fifth thoracic vertebra, the lower just below the level of the left bronchus. 
Each vessel runs on the posterior surface of its bronchus, dividing and subdividing 
along the bronchial tubes, supplying them, the areolar tissue of the lungs, the 
bronchial lymph-glands, and the oesophagiLs. 

The (esophageal arteries, four or five in number, arise from tlie front of the 
aorta, and pass obliquely downwards to the oesophagus ; on this they form a vascular 
chain which anastomoses with the oesophageal branches of the inferior thyreoid 
arteries above, and with ascending branches from the left inferior phrenic and left 
gastric arteries below. 

The mediastinal branches arc numerous small vessels which supply the lymph- 
glands and loose areolar tissue in the posterior mediastinal cavity, 

'The superior phrenic branches are small, and arise from the lower part of the 
thoracic aorta ; they are distributed to the posterior part of the upper surface of 
the Diaphragm, and anastomose with the miisculophrcnic and pericardiacophrenic 
arteries. 

Intercostal arteries. — ^There are usually nine pairs of aortic intercostal arteries. 
They arise from the back of tho aorta, and are distributed to the lower nine inter- 
cost^ spaces, the first and second spaces being supplied by the arteria intercostalis 
suprema, a branch of the costocervical trunk of the subclavian artery. The right 
aortic intercostal arteries are longer than the left, on account of the position of the 
aorta on the left aide of the vertebral column ; they cross the bodies of the vertebree 
behind the oasophagos, tbtu^io duct, and vena azygos, and are covered by the 
right lung and pleura. aortic intercostal arteries run backwards on the 

sides of the vertebra and ar^ covered by the left lung and pleura ; the upper two 
vessels ate crossed by the left superior intercostal vein, the lower vessels by the 
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hemiazygos and accessory hemiazygos veins. The further course of the intercostal 
arteries is practically the same' on noth sides. Opposite the heads of the ribs the 
sympathetic trunk passes downwards in front of them, and the splanchnic nerves 
also descend in fr6nt of the lower arteries. Each artery then divides into an anterior 
and aj^sterior ramus. 

Tnc anterior ramus crosses the corresponding intercostal space obliquely towards 
the angle of the upper rib, and thence is continued forward in the costm groove. It 
is placed at first between the pleura and the posterior intercostal membrane ; it 
then pierces this membrane, and lies between it and the Intercostalis externus as far as 
the angle of the rib ; from this onward it runs between the Intercostales extcmus and 
internus, and anastomoses in front with the intercostal branch of the internal 
mammary or musculophrenic artery. Each artery is accompanied by a vein and 
a nerve, the former being above and the latter below the artery, except in the upper 
spaces, where the nerve is at first above the artery. The first aortic intercostal 
artery anastomoses with the arteria intercostalis suprema, and may form the chief 
supply of the second intercostal space. The lower two intercostal arteries are 
continued anteriorly from the intercostal spaces into the abdominal wall, and 
anastomose with the subcostal, superior epigastric, and lumbar arteries. 

Each anterior ramus gives off the following branches : 

Collateral intercostal. Lateral cutaneous. 

Muscular. Mammary. 

Tliti coU^UiTal ititcTcostal branch comes olf the anterior ramus of the intorcosial 
artery near the angle of the rib, and descends to the upper border of the rib below, along 
which it courses to anastomose ^vith an intercostal branch of the internal mammary 
or musculophrenic artery. 

Myscular branches ani gi\eji to tlio intercostalos and rectoralos,and to the Serratus 
untorior; they anastomose with the highest and lateral thoracic branches of the axillary 
artery. 

The hiicral cutaneouft hranclia accompany the lateral cutaneous brunches of the 
thoracic nerves. 

Mammary branches ro given off by tlie vessels in tbc third, fonrtii, and fifth spaces; 
tliey inereaso eonsidoranly in size during the period of Jactation. 

Each jmteriw minus runs backwards through a space which is bounded above 
and below by the necks of the ribs, medially by the body of a vertebra, and laterally 
by an anterior costotransverse ligament. It gives off a spiw-ul bmnch which enters 
the vertebral canal through the intervertebral foramen and is distributed to the 
medulla spinalis and its membran<!S and the veitebrje, anastomosing witji the spinal 
iirteries ab<)vo and below and with the artery of the opposite side. It then coTirses 
over the transverse procc'^s with the Msterior division of the thoracic nerve, supplies 
branches to the muscles of the back, and a cutaneous branch which accompanies 
the cutaneous branch of the posterior division of the corresponding nerve. 

Applied Anatomy . — The position of the anterior rami of the intercostal vessels should 
1 , mind in performing the operation of paracentesis thoracis. ITie puncture 

snouW never bo made nearer the middle line posteriorly than the angle of the rib, as the 
artery crosses tlie space medially to this point. In the lateral portion of the chest, where 
the puncture is usually made, the artery lies at the upper part of the Intercostal space, 
aiMl therefore the puncture should bo made just above the upper border of the rib forminv 
tJie lower boundary of the space. * ® 


The sabcoBtal arteries, so named because they lie below the last ribs, are in 
senes with the intercostal arteries. Each passes along the lower border of the 
twelfth nb Iwhind the kidney and in front of the Quadratus lumborum muscle, and 
IS accompanied by the twelfth thoracic nerve. It then pierces the posterior apo- 
nent^ of the Transversus abdominis, and, passing forward between this Tn""cle 
and the Obhqnus intemiu, anastomoses with rive superior epigastric, lower ^ter- 
eiMtm, and ^mbar arteiies.^ Each subcostal artery gives oS a posterior branch 
which has a distribution similar to the posterior lamue of an intercostal artery. 


A small aborroBf arteni is sometimes found arisiag from the i^t ride' of tdie 
aorta near the ongm of the right bronchial. It passes u^etds ^ to the right 
the trachea and the asophagus, end may anastontOseLy^Bie right Arteria 
suprema. It represents the remains of the rigUrd^«y|&^ (p. lSa», ^ in a 
proportion of cases is enlarged to form the first partm^a'^^p sub^vianart^i 
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Abdominal Aorta (fig. 638) 

The abdominal aorta begins at the aortic hiatus of the Diaphragm, in 
front of the lower border of the body of the last thoracic vertebra, and, 
descending in front of the vertebral ooluinh, ends on the body of the fourth 
lu«QLb^. vertebra, a little to the left of the middle line, by dividing into the two 
common iliac arteries. It diminishes rapidly in size, in consequence of the largo 
branches which arise from it. 


Pig. 63ft. — The abdominal aorta and its brsnehes. 


^iAPHRAQm Inferior phrenic aricncs 



BelatiooBt^The abdominal aorta is covered, anteriorly^ by the omental bursa 
and stomachy behind which are the branches of the cceliac artery and the ccelwc 
plexus of nery^ ; below these, by the lienal vein, the pancreas, the left renal vein, 
the inferior part of the duodenum, the root of the mesentery, and aortic plexus of 
nerves. Posteriorly^ it is separated from the lumbar vertebra) and intervertebral 
fibrpcartilages by the anterior longitudinal ligament and left lumbai’ veins. On the 
fight side it isi;n,|^tki^ nbove with the cisterna ohyli, , thoracic duct, azjfgos vein, 
and the ri^t. critiM of — the last separating it from the upper part 

of the in&rior vena tbe right coeuac ganglion ; the inferior vena 

cava is in contact below the level of mo second lumbar vertebra^j 
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On the left side axe the left crus of the Diaphiagm, the left oceliac ganglion, the 
ascending part of the duodenum, some coils of the small intestine, the left sym* 
pathetic trunk, inferioi mesenteric and left testicular vessels, and the left ureter. 

Applied Anatomy » — The abdominal aorta may be the seat of an aneurysm either at 
its upper ^rt, close to and often involving the coeliac ai-tcry, or at its lower part, near the 
bifurcation. Occasionally aneurysms are met with on some of the branches of the aorta, 
e.g., the mesenteric orlienal arteries, 

Wlien an aiieur^'sm is connected with the posterior part of the abdominal aorta, it 
usually produces absorption of the bodies of the vertebrse. Pain is invariably present, 
and is usually of two kinds — a fixed and constant pain in the back, caused by the tumour 
pressing on or displacing the branches of tho coeliac plexus and splanchnic nerves; and 
a sharp lancinating pain, radiating along those branches of the lumbar nerves which arc 
pressed on by the tumour; hence the pain in the loins, the testes, the hypogastrium, and 
in the lower limb (generally of the left side). This form of aneurysm usually bursts into 
or behind the peritoncail cavity. 

When an ancurysm is connected with the front of the aorta near the coeliac artery, it 
forms a pulsating tumour in the left hypochondriac or epigastric regions, usually attended 
with symptoms of disturbance of tho digestive tube, as sickness, dyspepsia, or constipa- 
tion, and accompanied by pain, which is constant, but nearly always fixed, in the loins, 
epigastrium, or some part of tho abdomen; the radiating pain being rare, as the lumbar 
nerves are seldom implicated. This form of aneurysm may burst into the peritoneal 
cavity, behind tho peritoneum, between the layer? of the niesentery, or, more rarely, 
into the duodenum; it rarely extends backwards so as to affect the vertebral column. 

Occlusion of tli(3 abdominal aorta by tlirombosis or embolism is rare, but produces 
vory severe symptoms whem it docs occur. The patient complains of intense pain in the 
legs; pallor of the legs, followed by coldness, lividity, paresis, paralysis, and finally 
gangrene are likely to succeed, death usually supervening within a fortnight. 

Tho abdominal aorta has been tied in several cases, and although none of the patients 
permanently recovered, still, as one case lived forty-eight days, the possibility of the 
^‘.establishment of tho circulation may be considered to bo proved. 

Collateral CircuhiHon , — The collateral circulation would bo carried on by the 
anaslomos(3S between the internal mammary and tlie inferior epigastric arteries; by the 
free communication between tlic superior and inferior mesenteric arteries, if the ligature 
were plru'ed botweeji tV.ese vessels; or by the anastomosis between the inferior mesen- 
teric and the internal pude' lal arteries, when (as is more common) tho point of ligature 
is below the origin of the inferior mesenteric artery; and possible by the anfistomoses of 
thr‘ Inin bar nrteriGs with the branehe ^ of the hypogastric artery. 


Bbanc^if.s of the Abdominal Aokta 


Tho branches of the abdominal 
visceral, parietal, and terminal. 

Visceral bra nines, 
Cceliae. 

Superior mesenteric. 
Inferior meson tcrie. 
Middle suprarenal. 

Renal. 

• Testicidar (in the male). 

. Ovarian (in the female). 


aorta may be divided into three sets : 

Parietal branches. 

Inferior phrenic. 

Lumbar. 

Middle sacral. ' 


Terminal branches. 
Common iliac. 


Of the visceral branches, tho eoBliac artery and tho superior and inferior 
mesenteric arteries are unpaiied ; tho suprarenal, renal, testicular, and ovarian 
arteries are paired. Of the parietal branches, the middle sacral artery is 
unpaired ; the inferior phrenic and lumbar arteries are paired. The terminal 
branches aro paired. 


CiELiAC Artery (figs. 639, 640) 

^The coeliac artery is a thick tnmk, about 1*2S cm. long, which arises 
from the front of the aorta, just below the aortic hiatus of the Diaphragm, 
it passes nearly horizontally forwards, and divides into three large branches, 
(1) left gastric, (2) hepatic, and (3) lienal or splenic ; it occaaionwy' gives off 
one of the inferior phrenic arteries. 

Belations. — ^The coBliac artery is covered by tie omental bursa and sur- 
rounded by the coelian plexus of nerves. On its tigU die are the right coeliac 
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-ganglion and the caudate process of the liver, on its left side the left cooliac 
ganglion and the cardiac end of the stomach. Behw it are the upper border of 
the pancreas and the lienal vein. 

1. The left gastric artery (coronary artery), tho sniallest branch of the 
ccnliao artery, passes upwards and to the left,^ behind the omental bursa, to 
the cardiac orifice of the stomach. Here it gives off branches which ascend 
on the oesophagus, and anastomose with the aortic oesophageal arteries ; others 
supply the cardiac part of the stomach, and anastomose wth branches of tho 
lienal artery. Tho artery then runs from left to right, along the lesser curvature 

Fig, 689. — The cceliac artery aud its branches; the liver 1ms boon raised, and tln‘ 
lesser omentum and anterior layer of tho greater omentum removed. 



of the stomach to the pylorus, between the layers of tho l(»sser omen tu in ; 
it gives branches to both surfaces of the stomach and anastomoses with the 
right gastric artery. 

2. The hepatic artery is intermediate iii size between the left gastric and 
lienal. It is mst directed forwards and to the right, to tho upper margin of the 
superior port of the duodenum, forming the lower boundary of tho epiploic 
foramen (foramen of Winslow). It then crosses the portal vein anteriorly, and 
ascends between tho layers of tho lesser omoBium, and in front of tlie epiploic 
foramen, to the porta hepatis, where it divides into a right and a left branch, 
w'hich supply the corresponding lobes of tho liver, accomi>anying the ramifica- 
tions of the portal vein and hepatic ducts. The hepatic artery, in its course 
along the light border of the lesser omentum, is m relation Avith the common 
bile-duct and portal vein, tho duct* lying to the right of tho artory, and the 
vein behind* The distribution of the hepatic artery is described with the 
anatomy of the liver, in the section on Splanchnology. 
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Its branches are : 

Right gastric. 

^ , /Right gastro-epiploits. 

Gastroduodenal |gup0rior pancreaticoduodenal. 

Cystic. 

The right gastric artery (pjloric artery) arises from ,*he hepatic, above the 
pylorus, descends to the pyloric end of the stomach, and ^ses from nght to 
along its lesser curvature, supplying it with branches, and anastomosing with 

artery (fig. 640 ) is a short but large branch, which d^cends, 
near the pylorus, between the superior part of the duodenum and the neck of the 


Fio, 610.— The foiliac artery and its branches; the stomach has hcen raised 
and the peritoneum removed. 

Branches to greater omentum 



panci-eas, aud divides at tlu^ lower border of the duodenum iAto two Tiranches, 
the right gastro-epiplow and the sup&ior pancre(dicodmienal art^ri^. Previous 
to its division it gives off two or three small branches to the pyloric end of the 
stomach aud to the pancreas. 

The right gastro-epiploic artery runs from right to left dbng the greater curvat^ 
of the stomach, between the layers of the greater omentum, anastomoring with 
the left gastro-epiploic branch of the lienal artery. Except' at the pylorus, where 
it is in contact with the stomach, it lies about a fingei^s breadth from the greater 
curvature. This vessel gives off numerous branchtt, some of which a^eud to 
supply both> surfaces of the stomach, while others des^i^ia the diiiienttun 

and anastomoa© with branches of the middle colic . ’ 
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-- The snperidr panoreatlcodiiodeiial artery descends between the duodenum 
and the head of the pancreas. It supplies both these organs, and anastomoses 
with the inferior pancreaticoduodenal branch of the superior mesenteric artery, 
t and with the pancreatic branches of the lienal artery. 

Th«^,fiyatic artary..ifig. 639), usually a branch of the right hepatic artery, passes 
downwards and forwards along the neck of the gall-bladder, and divides into twr) 
branehes, one of which ramifies on the free surface, the other on the attached surface 
of the gall-bladder . 

3. tee iienal or splenic artery, the largest branch of the coeliac artery, is 
reiwrkable for the tortuosity of its course, Accomi)anicd by the lienal vein 
which lies below it, it passes horizontally to the left, behind the stomach and 
the omental bursa of the peritoneum, and along the upper border of the 
pancreas ; it then crosses in front of the upper pfirt of the left kidney, and, 
on arriving near the spleen, divides into branches ; some of these enter the liiluin 
of the spleen between the two layers of the phrcnicolienal ligament ; some are 
given to the pancreas, while others pass to the greater curvature of the stomach 
between the layers of the gastrolienal ligament. Its branches arc : 

Pancreatic. Short gastric. 

Left gastro-epiploic. 

The pancreatic branches are numerous small vessels supplying the body and tail 
of the pancreas ; they are derived from the lienal artery as it runs behind the upper 
border of the pancreas. One branch, larger than the rest, is sometimes given off 
near the tail of the pancreas ; it runs from left to right near the posterior surface 
of the gland, follomng the course of the pancreatic duct, and is called the arteria 
pancreatica magna. These vessels anastomose with the pancreatic braiielies of 
the superior and inferior pancreaticoduodenal arteries. 

The short gastric arteries ( vasa brevia) consist of from live to seven small branches 
which arise from the end of the lienal artery, and from its terminal divisions. They 
pass from left to right, between the layers of the gastrolienal ligament, and are 
distributed to the greater curvature of the stomach, anastomosing with branches 
of the left gastric and left gastro-epiploic arteries. 

The left gastro-epiploic artery? the largest branch of the lienal, runs from lolt to 
right about a finger’s breadth or more from the greater curvature of the stomach, 
between the layers of the greater omentum, and anastomoses with the right gastro- 
epiploic artery, ft dLstributes several ascending branches to both surfaces of 
the stomtach ; others descend to supply the greater omentum and anastomose 
with branches of the middle colic artery. 

Applied Anatomy , — Kmbolism of branclios of tho lienal artery is tolerably common 
in heart disease, the embolus corning from Ihe left side of the heait. It is eliaracterised 
by the ocourrenee of a sudden sharp pain or ‘ stitch ’ in the splenic region, with .-ubso- 
qiiont local enhirgemeiit of tho spleen from tin* formation of an infarct in its substaneo. 


SUPKUIOB Mbsewtkbic Artkry (fig. 641) 

The superior mesenteric artery supplies the whole of the small intest ine 
except the superior part of the duodenum; it also supplies the caecum and 
the ascending colon and about one-half of the transverse colon. It arises 
from the front of tho aorta about 1‘25 cm. below the coeliac artery, and is 
crossed at its origin by the lienal vein and the neck of the pancreas. It passes 
downwards and forwards, anterior to the processus uncinatus of the head of 
the pancreas and the inferior part of the duodenum, and descends between the 
layers of the mesentery to the right iliac fossa, where, Considerably diminished 
in size, it anfstomoses with one of its own branches, viz. the ileocolic artery. 
In its course it crosses in fropt of the inferior vena cava, the right ureter, and 
Psoas major, and forms an arch, the convexity of which is directed forwards 
and do^wards, to the left side. It is accompanied by the superior mesenteric 
vein, which lies to its right side, and is surrounded by the superior mesenteric 
plexud of nerves. Its branches are : 

Inferior pancreaticoduodenal. Ileocolic. 

Jejunal aad iieal.' Right colic, 

V Middle colic. 
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The inferior panoreaticodiiodenal artery springs from the superior mei^nteriG 
artery or from its first jejunal branch, opposite the upper border of the inferior 
part of the duodenum. It courses to the right between the head of the pancreas 
and duodenum, and then ascends to anastomose with the superior pancreatico- 
duodenal artery. It distributes branches to the head of the pancreas and to the 
descending and inferior parts of the duodenum. 

The and ileal arteries (vasa intestini tenuis) arise from the left side 

of the superior mesenteric artery. They are usually from twelve to fifteen in 


Fig, G41.--Tho superior mesenteric artery and its branches. 



number, and are distril)uted to the jejunum and ileum. They run nearly parallel 
with one another between the layers of the mesentery, each vessel dividing into 
two branches, which unite with adjacent branches, forming a series of arches, the 
convexities of which arc directed towards the intestine (fig. 642). From this first 
set of arches branches arise, which unite with similar branches from above and 
below, and thus a second series of arches is formed ; from the lower branches of the 
artery^ a third, a fourth, and even a fifth series of arches may be formed, diminishing 
in size the nearer they approach the intestine. In the short, upper part of the 
mesentery only one set of arches exists, but as the depth of the mesentery increases, 
second, third, fourth, and even fifth groups are developed. From the terminal arches 
numerous small straight vessels arise which encircle the intestine and are distributed 
to it. From the jejunal and ileal arteries small branches are given off to the lymph- 
glands and other structures between the layers of the mesentery. 
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The ileooolio artery b the lowest branch arising from the concavity of the superior 
mesenteric artery. It passes downwards and to the right behind the periton6um> 
towards the right iliac fossa^ where it divides into a superior and an inferior branch ; 
the superior branch anastomoses with the right colic artery, the inferior with the 
end of the superior mesenteric artery. 

The iiilerior branch of tbo ileocolic runs towards the upper border of the ileocolic 
junction and supplies the following branches (fig. 643) ; (a) cotic^ which pass upwards on 
the ascending colon ; (b) anterior and posterior cacal^ which are distributed to ^the front 
and back of the csecum ; (c) an appendicular artery, which descends behind the termina- 
tion of the ileum and enters the rnesenteriole of the vermiform process ; it runs near the 
free margin of this jnosenteriole and ends in branches which supply the vermiform 
process ; and (d) ilealy which runs upwards and to the left on the lower part of the ileum, 
and anastomose with the lerraination of the superior mesenteric artery. 

The right colic artery arises from about the middle of the concavity of the 
superior mesenteric artery, or from a stem common to it and the ileocolic. It 
passes to the right behind the peritoneum, and in front of the right testicular (or 
ovarian) artery and vein, the right ureter, and the Psoas major, towards the middle 
of the ascending colon ; sometimes the vessel lies at a higher level, and crossea 
the descending part of the duodenum and the lower end of the right kidney. At the 
colon it divides into a descending branch, which anastomoses with the ileocolic 
artery, and an ascending branch, which anastomoses with the middle colic artery. 
These branches form arches, from the convexity of which vessels are distributed 
to the ascending colon. 

The middle colic artery arises from the superior mesenteric artery just below the 
pancreas and, passing downwards and forwards l)etween the layers of the transverse 
mesocolon, divides into a right and a left branch ; the former anastomoses with 
the right colic artery ; the latter with the left colic artery, a branch of the inferior 
mesenteric artery. The arches thus formed are placed about two fingers’ breadth 
from the transverse colon, to wliich they distribute branches. 


Inferiou Mesenteric Artery (fig, 644) 

Tho inferior mesenteric artery supplies the? left half of the transverse 
colon, the whole of tho descending colon, tho sigmoid colon, and the greater 
part of the rcc*um. Ii ',s smaller than the superior mesenteric, and arises 
from the aorta, about 3 or 4 cm. above its division into the common iliacs, 
and close to the lowT.r border of the inferior part of the duodenum. It descends 
behind the peritoneum, ^ lying at fijst anteriorly to, and then on the left side 
of, the aorta. It crosses the left common iliac artery on the medial aide of 
tho left ureter, and is continued into the lesser pelvis as the sv^erior hamor- 
rhoidal arte.ry, between the two layers of tho sigmoid mesocolon, and ends on 
the upper part of the rectum. Its branches are ; 

Left colic. SigmouL Superior hasmorrhoidal. 

The left colic artery runs to the left behind the peritoneum and in front of the 
Psoas major, and, after a short but variable course, divides into an ascending and 
a descending branch ; the trunk or the branches of the artery cross the left ureter 
and left testicular vessels. The ascending branch passes in front of the left kidney 
and between the two layers of the transverse mesocolon where it ends by, anasto- 
mosing with the middle colic artery ; the descending branch anastomoses with 
the highest sigmoid artery. From the arches formed by these anastomoses branches 
are distributed to the descending colon and the left half of the transverse colon. 

The sigmoid arteries (fig. 645), two or three in number, run obliquely downwaida 
and to the left behind the peritoneum and in front of the Psoas majot, ureter, 
and testicular i^ssels. Their branches supply the lower part of the descending 
colon and the sigmoid colon, anastomosing aoove with the left colic artery, and 
below with the superior hsemorrhoidal artery. 

The superior hismorrlioidal artery (fig. $46), the contmuation of the inferior 
mesenterio artel^,^ descends into the pelvis between the layers of the sigmoid meso- 
colon, crossing, in its .course, the left conunon iliac vessels. It divides, opposite 
the third sacral veriebra, two branches ; these ckscend one on either side of the 
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rebium, and supply its mucous membraue as far as tho anal canal, and the upper 
X>art of its muscutitf coat ; about 10 or 12 cm. from the anus the two arteries break 
up into several small branches. These pierce the muscular coat of the bowel and 
run downwards, as straight vessels placed at regular intervals from each other, in the 
wall of the gut between its muscular and mucoua coats, to the level of the Sphincter 
ani intemus here they form a series of loops around tho lower end of the rectum, 
and communicate with the middle hfiemorrhoidal branches of the hypogastric artery, 
and with the inferior hsemorrhoidal branches of the internal pudendal artery. 


Fig. 644. — Tho inferior mesenteric artery and its branches. 



Applied natow 7/ -Embolism of the mesenteric arteries produces a<*utc and severe 
symptoms, of which the chief are abdominal pain and tenderness, iiuusoa and vomiting, 
diarrhoea or constipation; blood is found in the stools of n(*arly half the patients. In 
many cases the symptoms closely resemble those of intestinal obstruction. 


Middle Suprarenal Arteries 

'^rhe middle siiprarfElldl surterie^ are two small vessels which arise, one 
from either i»de of the aorta, opposite the superior mesenltoric artery. Each, 
passes lateral wards and slightly upwards, over the crus of the Diaphrs^m, 
to the supmenal glandi where it anastomoses with suprarenal branches of 
the inferior phiienio j^d renal, arteries. 
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Renal Aetebies (fig. 638) 

The renal arteries are two large trunks, which arise from the sides of 
the aorta, immediately below the superior mesenteric artery. Each is directed 
across the crus of the Diaphragm, so as to form nearly a right an^e with the 
aorta. ' ine right is longer than the left, on account of the position of the 
aorta ; it passes behind the inferior vena cava, the right renal vein, the head 
of the pancreas, and the descending part of the duodenum. The left is a little 
higher than the right ; it lies behind the left renal vein, the body of the pancreas 


Fig. 045. — Sigmoid colon and rectum, showing distribution of branches of 
inferior mesenteric artery, and their anastomoses. (From a preparation 
by Hamilton Drummond.) 



I’ropared in same maimer os Fig. 042. 


and the lieinil ^'oin, and is crossed by the inferior mesenteric vein. Before 
reaching the hiluin of the kidney, each artery divides into four or five branches ; 
most of these lie between the renal vein and ureter, the vein being in front, 
the ureter beliind, but one or more branches are usually situated behind the 
ureter. Each vessel gives off some small iTjfs^rior^sji^raT^iuil branches to the 
suprarenal gland, and supplies twigs to the ureter and the surrounding cellular 
tissue and muscles. 

One or two acegssory renal arteries are frequently found, more especially on the 
left side ; they usually arise from the aorta, and may come off above or below the main 
artery, the former being the more common position. Instead of entering the kidney 
at the hilum, they usually pierce the upper or lower part of the kidney. 



INTERIOR PHRENIC ARTERIES 
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Testicular Arteries (fig. 038) 

The testicular arteries are two long slender vessels which arise from the 
front of the aorta a little below' the renal arteries. Each passes obliquely 
downwards and lateralwards behind the peritoneum, resting on the Psoas 
major ; the right artery lies in front of the inferior vena cava and l)ehind 
the middle colic and ileocolic arteries and the terminal ]>art of tlie ileum ; 
the left artery passes behind the loft colic and sigmoid arteries, and the iliac 
part of the descending colon. Each artery crosses obliquely over the ureter 
and the lower part of the external iliac artery to reach the abdominal inguinal 
ring, through which, accompanied by the other constituents of the spermatic 
cord, it enters the inguinal canal and passes to the scrotum, where it becomes 
tortuous and divides into several branches. Two or three of these accompany 
the ductus deferens, and supply the epididymis, anastomosing with the artery 
of the ductus deferens ; others pierce the back part of the t unica albuginea, 
and supply the substance of the testis. The testicular artery supplies one or 
two small branches to the ureter, and in the inguinal canal gives one or two 
twigs to the Cremaster muscle. 


Ovarian Arteriks 

The ovarian arteries in the female correspond to the testicular arteries 
in the male. They supply the ovaries, arc shorter than the testicular arteries, 
and end in the pelvic cavity. The origin and course of the first ]^art of each 
arter3?' are the same as those of the testicular artery, but on arriving at the 
upper opening of the lesser pelvis the artery passes medialwards between 
the two layers of the broad ligament of the uterus Ixdow the uterine tube. 
x\t the level of the ovary it runs backwards in the mesovarium and bre^aks 
up into branches which arc distributed to the ovaiy. Small branches two 
given to the ureter and the uterine tube, and one passes on to the side of the 
uterus, and unites with the uterine artery. Other offsets are continued on 
the round ligament of the uterus, through the inguinal (ranal, to tlio skin (^f 
Ihe labium majus and groin. 

At an early period of foetal life, when the testes or ovaries lie by the side 
of the vertebral column, below' the kidntys, the testicular and ovarian arteries 
arc short ; but with the descent of the testicles into tho scrotum, and of the 
ovaries into tho pelvis, the arteries arc gradually lengthened. 


Tnferiqk Phrenic Arteries (lig. 038) 

The inferior phrenic arteries are two small vessels which supply, the 
I^aphragm. They present much variety in their origins ; they may arise 
separately from the front of the aorta, immediately above the coeliac artcrj', 
or by a common trunk, which may spring either from the aorta or from the 
coeliac artery ; sometimes one artery is dcrivctl from the aorta, and the other 
from one of the renal arteries. They diverge from one another across the 
crura of the Diaphragm, and then run obliquely upw'ards and lateralwards upon 
its under surface. The left phrenic passes behind the oesophagus, and runs 
forwards on the left side of the oesophageal hiatus. The right phrenic passes 
behind the inferior vena cava, and along tho right side of the foramen which 
transmits that vein. Near the posterior part of the central tendon of the 
Diaphragm each vessel divides into a medial and a lateral branch. Tho medial 
branch curves forwards, and anastomoses with its fellow of the opposite side, 
and with the musculophrenic and pericardiacophrenic arteries. The lateral 
branch passes towards tho side of the thorax, and anastomoses with the lower 
intercostal arteries, and with the musculophrenic artery. Tho lateral branch 
of the right a^ery gives, off a few twigs to the inferior vena cava ; and the left 
artery sends some branches to the oesophagus. Each vessel gives off superior 
brawhea ..to the..auprarenal gland of its own side. Tho liver and tho spleen 
also receive a few twugs from the right and left vessels respectively. 

fl.A. ‘is 
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Litmbab Abtsbies 

The lumbar arteries are in series with the intercostals. They are usually 
four in nulii:i^er,oQ either side, and arise from the back of the aortaj, opposi^ 
the bodies of Imp upper four lumbar vertebra. A fifth pair, small in size, is 
occasionally present : it arises from the middle sacral artery. Th^ run 
lateralwards and backwards on the bodies of the lumbar vertebrse, behind the 
sympathetic trunk, to the intervals between the adjacent transverse process^, 
and are then continued into the abdominal wall. The arteries of the right side 
pass behind the inferior vena cava, and the upper two on either side run behind 
the corresponding crus of the Diaphragm. The arteries of both sides pass 
beneath the tendinous arches which give origin to the Psoas major, and are 
continued behind tiiis muscle and the lumbar plexus. They then cross the 
Quadrates lumborum, the ui)per three arteries running behind, the last usually 
in front of it. At the lateral border of the Quadratus lumborum they pierce 
the posterior aponeurosis of the Transversus abdominis, and are carried forwards 
between this muscle and the Obliquus intemus. They anastomose with 
one anothiT and with the lower intercostal, subcostal, iliolumbar, deep iliac 
circumflex, and inferior epigastric asptcries. 


Brunches.- liunljAr artftrv gives cff a posterior minus wliifli passus backwards 

botwoon llio transverse processes, is distributed to the. muscles and skin of the back, and 
furnislies a spinal branch wliicli enters tbo vertebral canal and supplies its contents, 
anastoniosiiig with tbo arteries above and below it, and w'itb tbo artery of tlic opposite 
side. J.lranelies nro also given by tlio lumbar arteries and their pfwterior rami to the 
1 ici glilx )U ring n i useh'^s . 


JliDULK Saobat. Artery (lig. 6IW) 

The middle sacral auery is a small vessel, which arises from the back 
of the aorta, a little above its bifurcation. It descends in the juiddle lino in 
front of the fourth and fifth lumbar vertebrae, the sacrum and ctxjeyx, and ends 
in the glomus ooccygeuin (coccygeal gland) ; it is crossed by the left common 
iliac vein. Minute braiiches are said to pass from it to the posterior surface 
of the rccttini. On the last lumbar vertebra it anastomoses with the lumbar 
branch of the iliolumbar ?Ttery ; in front o! the sacrum it anastomoses with the 
lateral sacral ai-teries, and sends offsets inlo the anterior sacral forarainsr. 


COMMON Iliac Arteries (figs. 638, 646) 

The abdominal aorta divides, on the left side of the body of the fourth 
lumbar vertebra, into the two common iliac arteries which diverge from the 
termination of the aorta, pass downwards and lateralwards, and divide opposite 
the intervertebral fibrocartilage between the last lumbar vertebra and the 
sacrum, into two branches, the external iliac and hypogastric arteries : the 
former supplies the greater part of the lower extremity ; the latter, the viscera 
and parietes of the pelvis, and the glutoal region. 

The right common iliac artery (fig. 646), about 6 cm. long, passes 
obliquely across the hotly of the last lumbar vertebra. ■ In front of it are the 
peritoneum, the small intestine, branches of the sympathetic nerves, and, at 
its point of division, the ureter. Behind, it is separate fromethe bodies of 
the fourth and fifth lumbar vertebrie, and the intervening fibrocartilage 
by the terminations of the two common iliac veins and the commencement of 
the inferior vena cava. laterally, it is in relation, above, with the inferior 
veifa cava and the right common iliac vein; below, with the Psoail major. 
Medial to it, above, is the left common iliac vein. 

The left common iliac artery, about 4 cm. long, |s in relation, in front, 
with the peritoneum, the small intestine, branches. of.th6 sympathetic nerves, 
and the superior haamorrhoidal artery, and is crossed at its point of tnKfuroation 
by the ureter. It rests on the bodies of the fourth and fifw iiimhar vertebrse, 
and the intervenii^ fibrocartilage. The left coming i^ae per^y 
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medUil to, and partly behind, the artery : laterally, the artery is in relation with 
the Psoa^s major. 

Branches. — ^The common iliac ^ij^ries give off small branches to the 
peritoneum, Psoas major, ureters, and the surrounding areolar tissue, and 
occasionally give origin to the iliolumbar or to accessory renal arteries. 

Peculiarities , — Tlie point of origin of the common iliac arteries varies according to the 
bifurcation of the aorta, which in most cases occurs cither upon the fourth lumbar 
vertebra, or upon the fibroeartilago between it and the fifth. 


Fig. 646. — The arteries of the pelvis. Right sid 



The common iliac arteries may divide above or below the usual level. 

The length of tho arteries varies from iPo to 7*5 era. Jn rare instances, the right 
common iliac has been found wanting, the extcTiial iliac ami liypogastric arteries arising 
d irec tly from the aorta . 

Applied Anatomy . — The application of a ligature to the corninon iliac arti rv mn^ l)e 
required on account of aneurysm or hemorrhage, implicating th(i external ilia(' or hypo- 
gastric arteries. The easiest and best method of tying the artery is by a transperitoneal 
route. The abdomen is opened, the intestines are drawn aside and tho peritoneum 
covering the artery divided : the sheath is then opened and the needle p issed from the 
medial to the lateral aide. On tho right side great care must bo lixorcised in passing tho 
needle, since both the common iliac veins lie behind the artery. Aftei- the vessel has 
been tied, the incision in the peritoneum over the artery should be sutured. 

Collateral Circulation . — The principal agents in carrying on the «Kdlateral circulation 
after, implmation of a ligature to the common iliac are : the anastomoses of the 
hcemorrhoidal ' branches of the hypogastric artery with the siipermr luemorrhoidai 
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branches from the inferior mesenteric artery; of the uterine, ovarian, and vesical arteries 
of the opposite sides; of the lateral sacral arteries with the middle sacral artery; of the 
inferior epigastric artery with the internal mammary, lower intercostal, and lumbar 
arteries; of deep iliac circumflex artery with the lumbar arteries; of the iliolumbar 
artery with the last lumbar artery ; of the obturator artery, by means of its pubic branch, 
with the vessel of the opposite side and wuth the inferior epigastric artery. 


Hypogastric Artery (fig. 646) 

The hypogastric or internal iliac artery, about 4 cm. long, arises 
at the bifurcation of the common iliac, opposite the lumbosacral articulation,; 
it descends to the upper margin of the greater sciatic; foramen where it divides 
into an anterior and a 2*osterior trunk. 

Relations. — It is in relation injront with the ureter ; behind^ with the internal 
iliac vein, tlie lumbosacral nerve- trunk, and the Piriformis muscles ; laterally, near 
its origin, with the external iliac vein, which lies between it and the Psoas major 
museJe, ; lower down, with the obturator nerve. 

In the foetus, the hypogastric artery is twice as large; as the external iliac 
artery, and is the direct continuation of the common iliac artery. It ascends on 
the back of the anterior wall of the abdomen to the umbilicus, converging 
towards its fellow of the opposite side. Having passed through the umbilical 
opening, the two arteries, now termed umbilical, enter the umbilical cord, \\'liero 
they are coiled round the umbilical vein, and ultimately ramify in the placenta. 

At birth, when the placental circulation ceases, the pelvic portion only of 
the artery remains patent and constitutes the hy])ogastric artery and the first 
partr of the superior vc'sical artery of the adult ; ilie remainder of the vessel is 
converted into a solid fibrous cord, the lateral umbilical ligament (obliterated 
hypogastric artery), which extends from the pelvis to the umbilicus. 

PeculiariticH, — The Icngtl . of the lij^pogastric nud couiiiiuii lli;\e arteri'*^ Ik'sii' mii 
inv(*rsrs proportion to ('iicli oilior. 

Tho pliice of division of the liyj)og:isiric varies b('t\vi‘on the upper Tnurgiu ( t tlie, 
MUJriun and tli(Mipprr border of the greater seiatie foraiin'n. 

Applied AnaloiiLy.—'Dui application (/f j. ligature to the hypogastric avtcv\ )iia.y Ini 
n‘<[uireil in cases of ani;r'’y.sTn or h* inorrhago aJTecting one <>f its brauehes. The vessel 
is best secured by an abdominal sectict in tbo modhiu liuo, the vessel bcijjg reached 
through the peritoneal cavity. It shoiiM he, remembered that the vidn Ih^s behind, and, 
on the right side, a litth*, lu^'^ral to the. artery; the ureter lies in front of it. 

Collate ral Cin ulalion . — The circulation after ligature of the hypogastric artery is 
carried on by the anastoTnosos of tlie uterine and ovarian arteries; of the vesical arteries 
of the two sides; t)f tlu'. liiernoiTlioidal branches of the, hxpogastric artery with those from 
the inferior mesenteric artery; of the pubic branch of the obturator artery with the, 
viissel of the opposite .side, and with the inferior epigastric and medial femoral circumflex 
arteries; t)f the cioMimflex and perforatijig branches of the artoria profunda femoris with 
the inferior glutical artery; of the superior glutscal artery with the posterior branches of 
the lateral sacral arteries; of the ilioluinhar with the last lumbar artery; of the middle 
saeval arteries with tlie lateral saeral artery; and of the iliac circumflex with the ilio- 
lumbar and supeiior glntical arteries.'*' 

The branclies of the hypogastric 
From the A?itcrior Trunk, 

Superior vesical. 

Inferior vesical. 

Middle hajinorrhoidal. 

Obturator. 

Internal pudendal. 

Inferior glutoal. 

The superior vesical artery supplies numerous branches to the upper part of 
the bladder. From one of these a slender vessel, the artery to (he ductus d^erens^ 

* For a description of a case in which Owen made a dissection ten years afto ligature of 
he hypogastrio artery, see Jfal-OWr. Trane. voL xvi. 


artery are : 

From the Posterior Trunk, 
Hiohunbar. 

Lateral sacral. 

Superior glutseal. 
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takes oiigin and accompanies the ductus deferens in its course to the testis, where 
it anastomoses with the testicular artery. Other branches supply the ureter. 
The first part of the superior vesical artery is the proximal, pervious portion of the 
fcetal hypogastric artery. 

The inferior vesical artery frequently arises in common witli the middle hiemor- 
rhoidal artery, and is distributed to the fundus of the bladder, the prostate, the 
vesiculae seminales and the lower part of the ureter. The branches to the prostaet 
communicate with the corresponding vessels of the opposite side. 

The middle heemorrhoidal artery usually arises with the preceding vessel. Il 
is distributed to the muscular coats of the rectum, anastomosing with the inferior 
vesical artery and with tlie superior and inferior hscmorrhoidal arteries. It gives 
offsets to the vesicula; seminales and prostate. 


Fig. 017. — Tho rtrtcvi» '< (,.f tho iutonial organs of generation of the female 
s<'on from behind. (After 


JiranehfR tn tubr 


Braiiclivs tofu^uht 



The uterine artery (fig. 647) runs medialwards on the Levator ani and tuwaids 
the cervix uteri ; about 2 cm. from tlic cervix it crosses above and in front of the 
ureter, to which it supplies a small branch. Reaching the .'.ide of the uterus it 
ascends in a tortuous manner between the two layers of the broad ligament to the 
junction of the uterine tui>e and uterus. It then runs lateralwards towards the 
hilum of the ovary, and ends by joining with the ovarian artery. It supplies 
brnnch(?s to the cervix uteri and others which descend on the vagina ; the latter 
anastomose with branches of the vaginal arteries and form witli them two iri<?dian 
longitudinal vessels — the azygos arteries of the vagina --own of which descends in 
front of, and the other behind, the vagina. It supplies numerous branches to (he 
body of the uterus, and from its terminal 2)ortion twdgs ar<‘ distributed to the uterine 
tube and the round ligament of the uterus. 

The vaginal artery usually corresponds to the iuferu)r vesical in the male ; it 
descends upon the vagina, supplying its mucous membrane, and spends luanches 
to the bulb of the vestibule, the fundus of the bladder, and tho contiguous part, 
of the rectum. It assists in forming the azygfjs arierios of the vagina, and i« 
freouently represented by two or tbreo branches. 

The obturator artery passes forward’s and dow7iwardt» on the lateral wall of 
the i>elvis, to the upper, part of the obturator foramen, and, escaping from the 
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pelvic cavity through the obturator canal, it divides into an anterior and a posterior 
branch/ In the pelvic cavity this vessel is in relation, laterally, with the obturator 
fascia which separates it from the Obturator internus muscle ; medially, with the 
ureter, duct?^ deferens, and peritoneum ; the obturator nerve is above it and the 
obturator vein ielow it. 

Branches. — Inside the pelvis, the obturator artery cives ofi (a) iliofi branches to the 
iliac fossa; these supply the bone ami the Iliacus, and anasT^omose with the iliolumbar 
artery; (b) a vesical branch which runs mcdialwards to the bladder; and (c) a jjubic 
hraftch which springs from the vessel just before it leaves the pelvic cavity; this branch 
ascends upon the back of the os pubis and communicates with the coiresponding vessel 
of the opposite side, and with the pubic branch of the inferior epigastric artery. 

Outside the pelvis, the obturator artery divides at the upper margin of the obturator 
foramen, into an anterior and a posterior branch which encircle the forainen under cover 
of the Obturator externus. 

The anterior branch runs forwai’ds on the outer surface of the obturator membrane 
and then curves downwards along the anterior margin of the foramen. It distributea 
branches to the Obtunitnr extornua, Peetineus, Addiictorcs, and Gracilis, and anastomoses 
with the posterior branch, and with the medial femoral eireiimflcx artery. 

The posterior branch hdJows the posterior margin of the foramen and turns forwards 
on the inferior rarniis of tljc ischiinri whore it anastomost's with the anterior brancli. It 
gives twigs to the muscles attached to the isehifU tuberosity and anastomoses with the 
inferior gluta^al artery. It also supplies an articular branch which enters the hip-jc'int 
through the acetabular notch, ramifies in the fat at the bottom of the acctabnlimi and 
sends a twig along the ligainentum tort‘s to the head^of the femur. 


Ftu. f34S. — -Variations in the origin and course of obturator artery. 



Vccnliariiics . — In about 28 per cont.vof cases the obturator artery springs from tho 
inferior epigastric and descends almost vertically to the upper part of the obturator 
ioramen. The artery in this c.oiii'jc usually lies in contact with the external iliac vciP, 
and on the latijral side of the femoral ring (figi 648 a); in such cases it would not be 
endangered in the operation for strangulated femoral hernia. Occasionally, how'ever, it 
curves along the free margin of the lacunar ligament (fig. 648b), and if in such circum- 
stances a femoral hernia occurred, tlie vessel would almost completely encircle the neck 
of the hernial sac, and would bo in great danger of being wounded if an operation were 
performed for strangulation. It sometimes arises from the main stem or from the 
posterior trunk of the hypogastric artery, or it may spring from the superior glutaeal 
artery; occasionally it arisi's from the external iliac artery. 

T]he internal pudendal artery, the smaller of the two terminal branches of the 
anterior trunk of the hyjK)gastric artery, supplies the external organs of generation. 
Though the course of the artery is the same in the two sexes, the vessel is smaller 
in the female than in the male, and the distribution of its branches somewhat 
differe^. The description of its arrangement in the male will first be given, and 
subsj^ehtly the differences which it presents in the female will be mentioned. 

iQtmal pudendal artery in the nude passes downwards and lateralwards 
fif the lower border of the greater sciatic foramen, and emerges from the j^lvis 
between the Piriformis and Coccygeus ; it then crosses the ischial spine, and enters 
the perinieum through the lesser sciatic foramen. The artery now crosses the 
Obturator internus, along tlie lateral wall of the ischiorectal fossa, being situated 
about 4 cm. above the lower mar^n of the ischial tuWoSity. graduiffly 
approaches the margin of the inferior ramus of the ischium and passes forwards 
between the two layers of the fascia of the urogenital diaphragm ; it then runs 
forwards along the medial margin of the inferior ramus of the os pubis, md at a 
distance of about 1*20 cm. behind the pubic arcuate ligament it piemes tbe inferior 
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f^cia of the urogenital diaphragm and divides into the doisal and deep arteries 

of the perns, 

Rdatioiis«‘-*'-Withiti the pelvis, it lies in front of the Piriformis muscle, the 
sacral plexus of nerves, and the inferior glutaeal artery. As it crosses the ischial 
spine, it is covered by the Qlutieus m^imus and overlapped by the sacrotubeious 
Here the pudendal nerve lies to the medial side, and the nerve to the 
Obturator internus to the lateral side, of the vessel. In the perinieum it lies on 
the lateral wall of the ischiorectal fossa in a canal {Alcock's canal) formed by the 
splitting« of the obturator fascia ; it is accompaiiied by a pair of venro coiuitantes 
and the pudendal nerve. 

Branches. — The branches of the internal pudendal artery (figs. 649, 650) are : 

. Muscular. . \ Artery of the urethral bulb. ^ . 

\ f Inferior hsemurrhoidal. \^rethral. 

V Perinaeal, jOeep artery of the penis. 

Dorsal artery of the penis. 

The ttiusciilar branches consist of two sets : omi given olf in the pelvis; the other, as 
the vessel crosses tho ischial spine. The first sot consists of several small offsets which 
supply the tevator^aui, the Obturator intornus, the Piiiforinis, and the Coccygous. Tlio 
branches of the second set are distributed to the tlluticus maxiinus and oxtemfft' rotator 
uiuacleS; they anastomose with branches of tho inferior glutieal artery. 

The inferior ha>morrhoidal artery arises from the internal pudendal as it pusses above 
the ischial tuberosity. Piercing the wall of Alcock’s canal it divides into two or three 
branches which crofes the ischiorectal fossa, and are distributed to tho muscles and intt^u- 
mont of .tfie anal region, and send offshoots ro\jnd tho lower edge «d ilio Glutseus niaxunus 
to the skin of the bjifcfcock.^ They anastomose with the cf)ri*esponding vessels of the 
opposite side, with tue superior .and middle haeniorrhoiflal arterii's, and with the pi*rinjeai 
artery. 

The pcrhural artery arises from the internal puilendal artery, in front of tho preceding 
hrauehea, and turns upwards, crossing cither over or under tho Tr/insversus periuiei 
supcrficialis, and runs for\yards, parallel to the pubic arcl), in the intrrspuce between tho 
Bulbocavernoausiand lachioCHVorjiosiis, both of which it supplies, and finally divides into 
several posterior scTofal branches which arc distributed to jbhe skin ouddurtos tunic ol tin; 
scrotuui.^ As it crosses the Transver.sus pcriiuei supcrHcialis it gives off thi* Irauitcerttr 
pcmimal artery which runs transversely on the* cutaneous surface of the nuiscl<\ and 
jiuastoinoscs with the corresponding vessel of tin- opposite side and with the periiurni and 
inferior hromorrhoidal arteries. Tt supplies the Trans versus perinaei superficijilis and the 
structures between the anu.s and the urethral bulb. 

The artery of the vrethral bulb is a short vessel of relatively large calibre winch arises 
from the internal pudendal artery between tho two layers of fascia of the urogenital 
diaphragm; it passes medial wards, pierces the inferior fascia of the urogenital diaphragm, 
and gives off branches which ramify in the bulb of the. urethra and in the posterior ]iart 
of the corpus cavemosuin urctlirte. R- supplies a binall branch to the bulbo-urethral 
gland. 

The urethral artery arises a short distance in front (»f the artery of tluv urctVirul bulb. 
It runs fonvards and inedialwards, pierces the inferior fascia of the urogenital diaphragm 
and enters the corpus cavernosum iirethne, in which it is continued forwards to the 
gkns ^enis. 

The Ifcep artery of the penin (artery of the corpus eaveriKJsum penis), uin; of tho 
terminal branches of the internal pudendal artery, arises from that vessel ivliile it is 
situated between the two fascia* of tho urogenital diaphragm; it pierct.s the inferior 
fascia, and, entering the crus penis obliquely, nms forwards in the centre of tl^?. 
ciiy^nosum penis ^ to whicli its branches are distributed. 

Tho dorsal artery of the penis ascends between the crus penis and the pubic symphysis, 
and, piercing the inferior fascia of the urogenital diaphragm, passes lietweeii the two 
layers of tho suspensory ligament of tho penis, and runs forwards on the dorsum of the 
penis to tho glans, where it divides into two branches, which supply the glans and 
prepuce. On the penis, it lies .bot,ween the dorsal nerve and deep dorsal vein, the former 
being on its lateral side, ft supplii^B the skin and the fibrous sheath of the corpus 
cay£irnp3um penis, sending branches through the sheath to anastomose with the deep 
artery of the penis. 

The intemid poden^ arteiy in the female is smaller than in the male. Its 
erigin and course are similar, and there is considerable analogy in the distribution 
of its brandies. The perineal artery supplies the labia pudendi ; the artery of 
the bulb is distributed to theibtil.bus vestiDuli and the erectile tissue of the vagina ; 
the deep, artery pf thO cUtom, supplies the corpus cavernosum clitoridis ; the dorsal 
artery of the branches to the dorsum .of that organ, and en^ ip. the 

l^ns and 
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Fu;. OiO. — The suptH’ficifll brjinc'lics of the iiitoruftl pudendal artery. 
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Peculiarities. — Tho interual pudendal artery* is somotirnos volntivoly small, or fails 
xo off one or two of its usual branches; in such cases tho deficieu'^y is supplied by 
branches derived from an additional vessel, the accessory pudendal, which generally 
arises from the internal pude4dal artery before its exit from the greater sciatic foramen. 
It passes forwards along the lower part of the bladder and across tho side of tho prostate 
to tho root of the penis, where it perforates the urogenital diaphragm, and gives off 
the branches usiMlly derived from the internal pudendal artery. Tlie deticit'uey most 
frequently met with is that in whicli the internal pudendal artery ends as the artery of tin' 
urethral bulb, the dorsal and deep arteries of the i>cins being derived from the- accessorv 
pudendal artery. The internal pudendal artery may also end as the periineal, the artery 
of the urethral bulb being derived, witli the other two branches, from tlie accessory vessel. 
Occasionally the accessory pudendal artery is derived from duo of tlie other hranclu"; of 
the hypogastric artery, most frequently tlui inferior vesical or the obturator. 

The inferior glutaeal artery (sciatic artery) (fig. 651), tlio larger of the two tei iniiial 
branches of tlu* anteiior trunk of the hypogastric artery, is distnlmted chiefly 
to the buttock and back of the thigh. It passe.s down on the sacral ])lcxus of nerves 
and the Piriformis, behind the internal pudendal artery, to the lower part of (he 
greater sciatic foraTuen, through which it escapes from the pelvis between the 
Piriformis and Coccygeus. It then descends in tlie interval between the greater 
trochanter of the femur and the tulierosity of tho iscJiinm, accompanied by the sciaticj 
and posterior femoral cutaneous nerves, and covered by flu* (rlutrous maximus ; it 
is continued down tlie back of the thigh, supplying the skin, aii<l anastomosinu 
witli brane.hes of the piufo rating arteries. 

Inside the pelvis it distributes (a) branches to the Piriformis, roccygciis, and 
Levator ani ; (6) branches which supply the fat around the rectum, and occasionally 
take the place of the middle liaomorrhoidal artery ; and (c) v(*sical branches to tho 
fundus of the bladder. vesiculaB seminales, and prostate. 

Outside the pelvis it gives off the following branches : 

Muscular branches supply the Glutieus maximus, tlx* extoruMl rotators of tho thigh, 
and tho muscles attached to the tuberosity of the ischium; they anastomose with tho 
superior glutaeal, internal pudemlal, obtunitor aud medial fenawal circumflox arteries. 

Coccygeal branches run mcdialwards, lucree the sac rotn herons ligament, and supply 
the Glutanis maxitnns and the structures on the baek of tho o-occyx. 

Tlie arlcria comitans nervi ischiadici, a loug '^louder vessel, aeeompanios the sciatic 
nerve for a short distance; it then ponctrstes it, miwI runs in its snhstanr^e to the lower 
part of the thigh. 

All anaslomoiic branch is directed obliquely downwards across the external rotator 
muscles of tho thigh, and assists in forming tin' .‘Ho-callod ciiicial anaslotnosis by joining 
with tho first perforating and the m(‘dialarid lateral foinonil circumflex arteries. 

An articular branch, generally derived from tlx- ;uiastr)Mx>tie, is distributed In tlx? 
capsule of the hip-joint. 

(Uitaneous branches are distrihub'd to tlx- skin of the- buttock aiui h;x*k of the thigh. 

The iliolumbar artery, a bruncli of the posterior trunk of the hypoi£a.stric, artery 
turns upwards behind the obturator nerve and the external iliac- vessels, to tho 
medial border of the Psoas major, boliind which it divides into a lumbar aixl an 
iliac branch. 

The lumbar branch supplies the Psoas major and Qnadraliis lumlxuum, aiitistomoses 
with the fourth lumbar artery, and sends a small spinal branch lliro'igh llx- intorv('rtebral 
foramen between tho fifth Inmbar verb'hra ond Ihc base oi tin- sacrum, into the vortehral 
canal to supply the cauda equina. 

The iliac branch supplies the Jliacus; some offsets nm hc-iw ci u tlx- umsek’ and tho 
boat? and anastomose with the iliac branches of the obturator artery; one of tliese enters 
an oblique canal to supply the bone, while others run along the emvt of the ilium, 
di.stribnting branches to tho gluta;al and abdominal mu-icles, and anastomosing in their 
course with the superior glutical, iliac circumflex, and lateral femoral circumflex arteries. 

The lateral sacral arteries (ftg- 046) arise from tlie posterior division of the 
hypogastric artery ; there are usually two, a superior and an inferior. The superior 
and larger passes luedialwards. and. after anastomosing with branches from the 
middle sacral artery, enters the fir.st or second anteiior sacral foramen, supplies 
branches to the contents of the sacral canal, and, escaping by the corresponding 
posterior sacral foramen, is distributed to the skin and muscles on the dorsum of the 
sacrum, anastomosing with the superior gluta3al. The inferior runs obliquely iicrosa 
the front of the Piriformis and the sacral nerves, to the medial side of the auteVior 
sacral foramina, descends on the front of the sacrum, and anastomoses over the 
coccyx with the middle sacral arteiy and the opposite lateral sacral arteries. 
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Branches of it enter the anterior sacral jforamina, and^ after supplying the contents 
of the sacral canal, escape by the posterior sacral foramina, and are distributed 
tojtlie muscles and skin on the dorsal surface of the sacrum, anastomosing vrith 
the dutteal arteries. 


Fig. — Thi* arthM’i«\«< ut th»* ghittenl aud posterior feiufjral regions. 



The superior gluteeal artery (flg. 651 ) is the largest branch of the hypogastric 
artery, aiui appears to be the continuation of the posterior division of that vossel. 
It is a short artery which runs backwards between the lumbosacral trunk and 
the first sacral nerve, and, passing out of the pelvis above the upper border of the 
Piriformis, immediately divides into a superficial and a deep hrmuA, Within 
the pelvis it ^ves off a few’ branches to the Iliacus^ Piriformis, and OHtu*ator 
internus, and just previous to quitting the pehus, a nutrient artery to the ilium. 

The superjicial branch enters the deep surface of the Glutssus maxinuis^ and 
, divides into numerous branches ; some of these supj^y the muscle and anastomose 
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with thfi infeiiox glutseal, while others perforate the tendinous origin of the muscle, 
supply the skin covering the posterior surface of the sacrum, and anastomose with 
the posterior branches of the lateral sacral arteries. 

The deep branch lies under the GlutsBUs medius and almost immediately sub- 
divides into two. Of these, the superior division passes along the upper border 
of the Glutffius minimus to the anterior superior spine of the ilium, anastomosing 
vdth the deep iliac circumflex artery and the ascending brancli of the lateral femoral 
circumflex artery. The inferior division crosses the Glutaems Jiiinimus obliquely 
to the greater trochanter, distributes branches to the Glutaei, and anastomoses 
with the lateral femoral circumflex artery ; some branches pierce the Glutfcus 
minimus and supply the hip-joint. 

Applied Anatomy . — pjither of the gliitfeal arteries may require to be ligatured for ii 
wound, or for aneurysm, which is generally traumatic. The :tuperioT yluUcal artery is 
ligatured by turning the patient two- thirds over otj to his face and maldng an inedsion 
from the posterior superior spine of <he ilium to the upper and posterior angle of the 
greater trochanter. Tliis exposes the Glutceus maximiis, and its fibres are to bo separated 
through the whole thickness of the muscle and pulled apart with retractors. Tlie 
contiguous margins of the Gluta^us medius and Piriformis are novv to bo separated froJti 
each other, and the artery will be exposed emerging from the greater sciatic foramen. In 
ligature of the inferior tjlufrml artery, the incision should he made paralh?! with that for 
ligature of the superior gluta-nl but 4 cm. hjwcr down. After the fibres of the Glutjeiis 
maximua have been separated, the vessel is to be sought at the lower border of the 
Piriformis: the sciatic nerve, which lies just above it, forms the chief guide to the arti rv. 


Extern AT. Iliac Artery (fig. 646) 

The external iliac artery is larger than the h3^pogastric artery, and runs 
obliquely downwards and lateralwards, along the medial border of the Psoas 
major, from the bifurcation of the common iliac artery to a point beneath 
the inguinal ligament, midway between the anterior superior iliac spine and 
the symphysis pubis, where it enters the tliigh and becomes the femoral art(M\\ \ 

Relations. — In front and medially the artery is in relation with the peiituncum 
and subpeiitoneal areolar tissue which separate the right artery from the termina- 
tion of the ileum and frequently the vermiform }>roceHa, and the left artery from 
the sigmoid colon and some coils of the small intestine. The beginning of the arteiT 
may be crossed by the ureter ; in the female it is crossed by the ovarian vessels. 
The testicular vessels lie for some distance upon it near its termination, and it is 
crossed in this situation by the external spermatic branch of the genitofemoral 
nerve, the deep iliac circumflex vein, the ductus deferens in the male, and the 
round ligament of the uterus in the female. Posteriorly, it is separated from the 
medial border of the Psoas major by the iliac fascia. The external iliac vein lies 
partly behind the upper part of the artery, but is on the medial side of its lower 
part. Lateral to it is the Psoas major, from which it is separated by the iliac fascia. 
Numerous lymphatic vessels and lymph-glands lie on the front and sides of Ihe 
vessel. 

Applied Anatomy . — The application of a ligature to tlio «‘xtL*rual iliac rnny be reqiiin'rl 
in cases of iliofemoral aneurysm (i.e. at tho point where, the er^ovy pa^^ses beneath the 
inguinal ligament), or for an aneurysm or a wound of the fnnoral art«n*y itself. The 
vessel may bo secured in anj' part of its coiir.se, excepting near its upper end, winch i-; to 
be avoided on account of the proximity of the hypogastric artery, and near its InWcr < nd, 
which should also be avoided on account of the proximity of its infcrioi- epigastric and 
deep iliac circumflex branches. The operation may be performed by opening the 
abdomen and incising the peritoneum over the artery {traneperikmeal ) ; or by an incision 
in the iliac region, dividing all the structures down to tlio peritoneum, which is then 
separated unopened from tho iliac fossa until tho artery is roachod (retroperitoneal). 

Tlie transperitoneal ligature is essentially similar to that described on p.* G4o h)r 
the common iliac artery. Tho advantages of this operation arc : (1 ) if it hv fcaiiul 
necessary, the common iliac artery can bo ligatured instead of the external iliac uithoni 
extension or modifleation of the incision; and (2) the vessel can be ligatured without in 
any way interfering with the sac of an aneurysm. 

The retroperitoneal ligature may be performed by an incision above an<l parallel to 
the lateral half of the inguinld ligament. The abdominal miiscles and transvcrsalis fascia 
having been cautiously divided, tho peritoneum should be separated from tho iliac fossa 
X and raised towards the pelvis; apd on introducing tho finger to the bottom of the wound, 
Nhe artery may be felt pulsating along the medial border of the Psoas major. The 



652 


ANGIOLOGY 


external iliuc vein, generally found on the medial side of the artery, must be cautiously 
separated from it, and the aneurysm needle introduced on the medial side, between the 
artery and vein. 

CoUatvTal Circulation . — The principal anastomoses by which the collateral circulation 
is established, after ligatnro of the external iliac artery, are: the iliolumbar with the 
iliac circumflex arteries; the superior glutseal with the lateral femoral circumflex artery; 
the obturator with the medial femoral circumflesx artery; the inferior glutieal with the 
circujnflex-''^l first perforating branches of the arteria profunda 1‘cmoris ; and the internal 
pudendal with the external pudendal artery. When the obturator artery arises from the 
inferior epigastric artery, it is supplied with blood by branches from either the hypo- 
gastric, the lateral saeral, or the internal pudendal arteries. The inferior epigastric 
artery receives its supply from the internal mammary and lower intercostal arteries, and 
from the hypogastrie artery hy the anastomoses of its branches with the obturator 
artery.* 

Branches.— Besides supplying several small branches to the Psoas major 
and tile neighbouring lynnph-glands, the external iliac artery gives off the 
inferior epigastric aiul deep circumflex iliac branches. 

.. The inferior epigastric artery (deep epigastric artery) (fig. 651) arises from the 
external iliac artery, imrnculiatcJy above the inguinal ligament. It curves forwards 
ill the subperitoneal tissue, and then ascends obliquely along the medial margin of 
the abdominal inguinal ring ; continuing its upward course, it pierces the trans- 
versalis fascia, passes in front of the linea scmicirciilaris, and ascends between 
the llectus abdominis and the posterior lamella of its sheath. It finally divides 
into numerous branches, which anastomose, above the umbilicus, with tlie superior 
epigastric brancli of the internal mammary artery and with the*, lower intercostal 
arteriOvS. As tlu', inferior ejngastric artery passes obliquely upwards from its origin 
it lies along the lower and medial margins of the abdominal inguinal ring, and behind 
the commencement of the sp(u‘matic cord. In the male the ductus deferens, and 
in the female the round ligament of the uterus, winds round the lateral and posteiior 
aspects of the artery. It supplies the following branches : 

T1i(5 crlenial spermatic arterp (crcniasteric artery) accompanies the spermatic cord, 
supplies the Oreinastcr and other coverings of the cord, and anastomoses with the testi- 
cular artery, in the female tlic'. oxtonial sporn.atic artery is very small and accompanies 
the round ligament of the iitt': is. 

A pubic branch dcsceiidb along the medial margin of tho femoral ring to the back of 
the ns pubis, and there anastomoses with die pubic brancli of the obturator aitery. 

Branches are distributed to tlie abdominal muscles and peritoneum, and anastomose 
with the iliac cinninillex and lumbar arteries. 

Cutaneous branches perforat* Mie tendon of the Obliquiis cxtermis, supply tho skin 
and anastomose w'itli bra iches of tiio superficial epigastric artery, 

Pcriiliaritirs . — 'Ibc oiigi.i of the inl'crior epigastric artery may take place from any 
part of tho external iliac artery between tho inguinal ligament and a point C cm. above 
it; or it may arise below this ligament, from the femoral artery. Tt frequently springs 
from the* external ilhx; artery, by a common trunk wdth the obturator artery. Sometimes 
it arises from tho obturator artery, tho latter vessel being furnished by the hypogastric 
artery, or it may be formed of two branches, one derived from tho external iliai; artery, 
tho other from the hypogastric artei’y. 

AppJicil Anafoniij~-Thi} inforu)r epigastrh*. artery has important surgical relations, 
and is one of the princ.ipal means, through its anastomosis with tho intovual mammary, 
of establishiug the cnllateval circulation after ligature of cither the. common or external 
iliac arteries. It lies close to the abdominal inguinal ring, and is therefore medial to an 
oblique inguinal heriiia, but lateral to a direct inguinal hernia, as tlu\sc emerge from the 
abdomen. It forms tho lateral boundary of llesselboch’s triangle, and is in close relation- 
ship with the spcrinatic cord, wldch lies in front of it in the inguinal canah separated only 
by die transvorsalis fascia. Tlu* ductus deferens hooks round its lateral side. 

Tho deep iliac circumflex artery arises from the lateral side of the external 
iliac ncaiTy op]i)osite Iho iufmior epigastric artery. It ascends obliquely behind 
tho inguinal ligament, in a sheath formed by the junction of the transversalis and 
iliac fasciio, to the anterior superior iliac spine, whore it anastomo.ses with the 
ascending branch of the lateral femoral circumflex artery. It then pierces the 
p;aiisvorsalis fascia and passes along the inner lip of the crest of the ilium to about 
its middle, where it poidorates the Trunsversus abdominis and runs backwards 

* Sir Astley Cooper describes in vol, i. of the Guy's Hospital Reports tho dissection of a limb 
eighteen years after successful ligature of tho external iliac arter)'. 
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t>®tween that muscle and the Obliquus internus, to anastomose with the iliolumbar 
?!ad. superior glutoal arteries. Opposite the anterior superior iliac spine it gives off 
a large branch, which ascends between the Obliquus internus and Transversus 
muscles, supplying them, and anastomosing with the lumbar and inferior epigastric 
arteries. 


ARTERIES OP THE LOWER EXTREMITY 

The chief artery of the lower extremity is a direct continuation of the ext-ernal 
iliac. It extends from the level of the inguinal ligament to the lower border 
of the PopUteiis, where it divides into the anterior and posterior tibial artorit's. 
Its upper part is named the femoral artery, its lower the popliteal artery. 


Femoral .\rtery (tigs. (>55, 056) 

The femoral artery begins immediately behind the inguinal ligament, 
midway between the anterior superior spine of the ilium and the symphysis 
[Jiibis, and passes down the front and medial side of the thigh. It ends at the 

Fro. OiTi. -Ff moral JsJu uth Initl oj)ou to ^1 h)\\ Ihri-o comparimonls. 



junction of the middle and lower thirds of the thigh Avhere it pas»ses through 
an opening in the Adductor inagnus to become the popliteal artery, l^he first 
3 cm. or 4 cm. of the vessel arc enclosed, together with the femoral vein, in the 
femoral sheath. The upper part of the femoral artery is contained in the femoral 
triangle (Scarpa’s triangle), the lower part in the adductor canal (Hunter’s canal). 

The femoral sheath (figs. 652, 653) is formed by a prolongation down- 
w^ards, behind the inguinal ligament, of the fasciae which line the abdomen, the 
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transvcrsalis fasciar being continued down in front of the femoral vessels and 
the iliopectineal fascia behind them. The sheath assumes the form of a short 
funnel, the wide end of which is directed upwards, wbde the lower, narrow end 
fuses with the fascial investment of the vessels, about 3 or 4 cm. below the 
inguinal ligament. The lateral wall of the sheath is vertical and is perforated 
by the lumbo-inguinal nerve ; the medial wall is directed obliquely downwards 
and lateralwards, and is pierced by the great saphenous vein and by some 
lymphatic' Vessels. The shcatli is divided by two vertical partitions which 
stretch betw^h its anterior and posterior walls. The lateral compartment 
contains the femoral artery, and the intermediate the femoral vein ; the medial 
and smallest compartment is named the hrnoral cqwli and contains some 
lymphatic vessels and a lymph-gland, imbedded in a small amount of areolar 


Tro. — Structures passing behind the inguinal ligaiuGut. 



tissue. The femoral canal is conical and measures about 1*25 cm. in length ; 
its base, directed ujjwards and named tho femoral ring, is oval in form, its long 
diameter being directed transversely and measuring about 1*25 cm. The 
femoral ring (tigs. 653, 654) is bounded in front by the inguinal ligament, behind 
by the Pectineiis (jovered by its fascia, medially by the crescentic base of 
the lacunar ligament, and laterally bv the femor^ vein. The sj^ermatic cord 
in the male, and the round ligament of the uterus in the female, lie immediately 
above the anterior juargin of the ring, while the inferior epigastric vessels 
are close to its upper and lateral angle.' The femoral ring is closed by a somewhat 
condensed portion of the extraperitoneal connective tissue, named the septum 
femorale (crural septum), the abdominal surface of which supports a small 
lymph-gland and is covered by the parietal layer of the peritoneum. The 
septum femorale is incrced by numerous lymphatic vessels passing from the 
p inguinal to the oxternul iliac lymph-glands, and the parietal peritoneum 
lediately above it presents a slight depression named the femoral fossa. 
The femoral triangle (triangle of Scai'pa) (fig. 665), corresponds tq the 
dex)ression seen immediately below the fold of the groin. Its apex is directed 
downwards, and the sides are formed laterally by the medial margin of the 
Sartorins, medially by the medial margin of the Adductor longus, above by 
the inguinal ligament. The floor of the triangle is formed from its lateral to its 
medial side by the Iliacus, Psoas major, Pectineus, and Adductor longus; 
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and it w divided into two nearly equal parts by the femoral vessels, which 
extend irom near the middle of its base to its apex* On the lateral side of 
the femoral artery is the femoral nerve dividing into its branches. ' Besides the 
vessels and nerves, this triangle contains some fat and lymphatics. 

• adductor canal (Hunter’s canal) is an aponenrotic tunnel in the 
middle tniid of thfc thigh, extending from the apex of the femoral triangle to 
the opening in the Adductor magnus. It is bounded, in front and laterally, 
by tho Vastus medialis ; behind, by the Adductor longus and Adductor magnus ; 
and is covered in by a strong aponeurosis which extends from these muscles, 
across the femoral vessels, to the Vastus medialis ; l3’'ing on tho aponeurosis 
is the Sartorius muscle. The canal contains the femoral artery and vein, 
nerve, and the nerve to the Vastus medialis. 


Fig. G54. — The reltvtiona ol the femoral uiul abdominal inj'iiiiial ling 
seen from within the. abdomen. Bight side. 



Relations of the femoral artery.— In the femmal triangle (fig. <>55) the artery 
is covered by the skin and superficial fascia, the superficial aubinguinal lymph- 
glands, the superficial iliac circumflex vein, the superficial layer of tlie fascia lata, 
and the anterior part of the femoral sheath. The hi mbo- inguinal nerve courses 
for a allort distance within the lateral compartment of the femoral sheath, and lies at 
first in front of and then lateral to the artery. Near the apex of the femoral triangle 
the medial branch of the anterior femoral cutaneous nerve cro.sses the artery from 
its lateral to its medial side. 

Behind ^th.e artery are the posterior part of the femoral sheath, the pectineal 
fascia, the tendon of the Psoas major, the Pectineus and the Adductor longus. 
The artery is separated from the capsule of the hip-joint by tho tendon of the Psoas 
major, from the Pectineus by the femoral vein and profunda vessels, and from the 
Adductor longus by the femoral vein. The nerv«». to the Pectineus passes medial- 
wards behind the artery. On the lateral side of the artery, is the femoral nerve. 
The femoral vein is medial to' the artery in the upper part of the femoral triangle, 
and posterior to the artery in the lower part. 

In the adductor canal (fig, 656) the femoral artery is more deeply situated, being 
covered by the skin, the superficial and deep fasciae, the Sartorius, and the fibrous 
roof of the canal ; the saphenous nerve crosses it anteriorly from its lateral to its 
medial side. Behind the artery are the Adductor longus and Adductor magnus ; in 
front and lateral to it is the Vastus medialis. The femoral vein lies posterior to 
the upper, and- lateral to the lower, part of the artery. 
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l\*cuUarilirs. —Several eases arc rec^nnlcil where the femoral artery divided, be’c he 
origin of the profntida, into two trunks, which reunited near tho opening in the Adductor 
rnagniis. A fow' cases have been reported where the femoral artery was absent, its } \aca 
being supplied by tho inferior gluta^al artery which accompanied the sciatic nerve to the 
popliteal fossa; in these oases the external iliac artery was small, and terminated ns the 
artoria profnnda femoris. The femoral vein is occasionally placed along the medial side 
of tlie artery throughout tho (‘ntire extent of the femoral triangle; or it may be duplicated 
so that a large vein is plnecd on cither side of tho artery for a greater or lesser distance. 


Fui. -Tin* left femoral tnang^^ 



Applied .{iniliiin ij. - Coiiipres.viou of the IV.inorul artci*\, which is constantly recpiisite 
in rtin]>utations and other opf rations ou tlie lower limb, is most effectually made immedi- 
ately h^‘lo^y the ingninal ligjijneiit. fn this situation the artery is superfieial, and is 
separated froiu the superior ramus i>1* the os pubis by the Psoas major; hero digital 
compression will olfcetiiaJly c'ontrol the cireulatiou through it, Tlie vessel may also bo 
controlled in tho middle third of the thigh by a tonrniqiict, which presses trie vessel 
against the medial side of the femur. 

The superficial position of tlie lenunal artery in the femoral triangle renders it 
particularly liable to be injured in wounds, stabs, or gunshot injuries in the groin. On 
account of the close relationship bctw'cen the femoral artery and vein, the latter vessel is 
also liable to be wounded in these injuries. In such cases, the artery having been 
compressed as it^ crosses the ramus of the os pubis, the skin wound should be enlarged 
and the wonnd in the vessel sought for, and a ligature applied above and below' the 
bleeding point. 

Ligature of the femoral artery may bi' required in cases of wound or aneurysm of the 
femoral or popliteal arteries or of the arteries of the leg; and the vessel may be exposed 
and tied in any part of its course*. The most favourable situation is at the apex of the 
femoral triangle. An incision 7 cm. long should be made in the course of the vessel, the 
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pfi-tj" ■jftjlying in the recumbent position, with the limb slightly flexed and abducted, and 
rotated outwards. A large vein is frequently met with, passing in the course of the 
artefy to join the great saphenous vein, and must be avoided. The fascia lata having 
been cautiously divided, and tho Sartorius displayed, that muscle must be drawti lateral- 
awards in order to expose fully the sheath of the vessels. The finger having been intro- 
duced into the wound, and tlic pulsation of the artery felt, the sheath is ononed on the 
' lateral side of the vessel to a sufficient extent to allow of the introduction of the aneurysm 
needle. In this part of the operation the saphenous nerve and the nerve to tho Vastus 
modialis, which are in close relation with the sheath, should he avoided. Tlio aneurysm 
needle must be kept close to the artery, to avoid the femoral vein, which lies bch’nd the 
vessel in this part of its course, and is very closely bound up with it. 

To expose the artery in the adductor canal, an incision 7 cm. in length should bo made 
a finger *8 breadth medial to tho lino of the artery, the centre of the incision being in tho 
middle of the thigh — ^i.e, midway between the groin and the knee. The fascia lata having 
been divided, and tho lateral border of the Sar&rius exposed, this muscle should be drawn 
modialwards, when tho strong fascia which is stretched across from tho Adductors to the 
Vastus medialis will be observed, and must be freely divided; the sheath of the vessels 
is now seen, and must be opened, and the artery secured by passing the aneurysm needle 
between it and the vein, from the lateral to tho medial side of the artery. In this situa- 
tion the femoral vein lies lateral to, and the saphenous nerve in front of the artery. 

Collateral Circulation , — After ligature of the femoral artery, the main ehamiels for 
carrying on the circulation are the following anastomoses : — (1) the superior and inferior 
gluta^al branches of the hypogastric artery with the medial aiul lateral femoral circumflex 
and first perforating branches of the arteria profunda feinoria; (2) tho obtnratt>r branch of 
tho hypogastric artery with the medial lemoral eircumflox of the arteria profunda 
femoris; (3) the internal pudendal branch of the hypogastric artery with the superficial 
and deep external pudendal branches of the femoral artery; (4) the deep iliac circumflex 
branch of the external iliac artery with the lateral femoral eireniratlex hrancdi of the arteria 
profunda femoris and the superficial iliac circumflex brnnclx of the femoral artery; and 
(Cl) the inferior glutieal branch of the hypogastric artery with tho pe rforating hranclios of 
the arteria. profunda femoris. 


Branches. — ^The branches of the femoral artery are : 

1. Superficial epigastric, 4. Deep external pudendal. 

2. Superficial iliac circumflex. 5. Muscular. 

3. Superficial external pudendal. 6. Profunda femoris. 

7. Highest geniculnr, 

1. The superficial epigastric artery arises from the front of the femoral artery 
about 1 era. below the inguinal ligament, and, piercing the femoral sheath and 
the fascia cribrosa, ascends in front. o£ the inguinal ligament, «and }>ctwocii the 
two layeis of the superficial fascia of the abdominal wall nearly as far as the uinhi- 
licus. It - distributes branches to the superficial .subingiiinal lymph-glands, the 
superficial fascia, and the skin ; it anastomosc's with branches c){ tJie inferior 
epigastric artery, and with its fellow of the opposite side. 

2. The superficial iliac circumflex artery, the smallest of the supcrlicial branches, 
arises close to tho preceding, and, piercing the fascia lata, runs lateralwards, parallel 
with the inguinal ligament, as far as the crest of the ilium ; it gives bfcanches to 
the skin, superficial fascia, and superficial subinguinal lymph-glands, and anasto- 
moses with the deep iliac circumflex, the superior glutmal and the lateral ffunoral 
circumflex arteries. 

3. The superficial external pudendal artery arises froin the medial side of the 
femoral artery, close to the preceding vessels, and, after piercing the femoral sheath 
and fascia cribrosa, courses medialwards, across the spermatic cord (or round 
ligament of the uterus in the female), to be distributed to the skin on the low’cr 
part of the abdomen, the penis and scrotum in tlie male, and the labium majus 
in the female, anastomosing with branches of the internal pudendal artery. 

4. The deep external pudendal artery passes medialwards across the Pectincus 
and the Adductor longiis ; it is covered hy the fascia lata, which it pierces at the 
medial side of the thigh, and is distributee^^ in the male, to the skin of the scrotum 
and perinseum, in the female to the labium majus ; its branches anastomose with 
the scrotal (or labial) branches of the perinseal artery. 

5. Muscular branches are supplied by the femoral artery to the Sartorius, 
Vastus medialis, and Adductores. 

n.A. 


2t 
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6. The arteria profunda femoris (fig. 656) is a large vessel ariste from 
the lateral sid^ of uxe femoral artery, about 3*5 cm. below the ingumd lig^ 
ineut. At first it lies lateral to the femoral artery, and then runs behind it 
and the femoral vein to the medial side of the femur ; it is continued downwards 
behind the Adductor longus, and ends at the lower third of the thigh in a small 
branch which pierces the Adductor magnus and anastomoses with the superior 
muscular branches of the popliteal artery. The terminal part of the profunda 
is sometimetT named tho fourth perforating artery, 

Kelations. — Behind it, from above downwards, are the Iliaous, Pcctineus, 
Adductor brevis, and Addiictor magnus. In frmt, it is separated from the femoral 
artery by the femoral and profunda veins above, and oy the Adductor longus 
below. Laterally, the origin of the Vastus medialis intervenes between it and the 
femur. 


Peculiarities . — This vnsscl sometimes arises from the medial side, more rarely from 
the back of the femoral artery. In must cases it arises between 2*25 cm. and 5 cm, below 
the inguinal ligament; in a few cases the distance is less than 2*25 ern. ; more rarcl;y it 
arises opposite the ligament. Occasionally the distance between the origin of the vessel 
and tho inguinal ligament exceeds 5 cm. 


The arteria profunda femoriii gives off the following branches : 

Lateral femoral circumflex. Perforating. 

Medial femoral cinuimflex. Muscular. 

The lateral femoral circumflex artery (external circumflex artery) arises from 
the lateral side of the profunda, nasses latcralwards between the divisions of the 
femoral nerve and behind the Sartorius and Rectus femoris, and divides into 
ascending, transverse, and dcscenciing branches. 

The ascending branch passes upwards beneath the Tensor fasciae latae to the 
lateral parf of the hip, and anastomoses with the terminal branches of the superior 
glutceal and deep iliac circumflex arteries. 

The descending branch runs downwards, *>eliind the Rectus femoris, upon the 
Vastus lateralis, to which it gi' cs offsets ; one long branch descends in the muscle 
as far as the knee, and anasU luoses with the superior lateral g^-.iicular branch of 
the popliteal artery. It is accompanied by the nerve to the Vastus lateralis. 

The transverse branch, tlie smallest, passes lateralwards over the Vastus inter- 
medius, pierces the Vastus lateralis, and winds round the femur, just below the 
greater trochanter, anastomosing ot* tho back of the thigh with tho medial femoral 
circumflex, inferior ghitseal, and first per^c'*’ating arteries. 

The medial femoral circuniflex artery (internal circumflex artery) usually arises 
from the posteromedial aspect of the profunda, but may spring from the femoral. 
It winds round the medial side or the femur, passing first between the Pectiueus 
and Psoas major, and then between the Obturator externus and Adductor brevis. 
At the upper border of the Adductor brevis it gives off two branches ; one is distri- 
buted to the Adductores, the Gracilis, and Obturator externus, and anastomoses 
^vith the obturator artery ; the other descends behind the Adductor brevis to 
supply it and the Adductor magnus ; the continuation of the vessel passes back- 
wards and divides into superficial, deep, and acetabular branches. The superficial 
branch appears between the Quadratus femoris and upper border of the Adductor 
magnus, and anastomoses with the infeiior glutaeal, lateral femoral circumflex,, 
and first perforating arteries (crucial anastomosis). The deep branch runs obliquely 
upwards upon the tendon of the Obturator externus and in front of the Quadratus 
femoris towards the trochanteric fossa, where it anastomoses with twigs from 
the glutseal arteries. The ucetalmlar bramh arises opmsite the acetabidar notch 
and enters the hip-joint beneath the transverse acetalbular ligament in company 
with an articular brancli from the obturator artery ; it supplies the fat in the 
bottom of the acetabulum, and is continued along the round ligament to the head 
of the femur. 

The perforating arteries (fig. 651), usually three in number, are so named because 
they perforate the insertion of the Adductor magnus to reach the back of the thigh. 
They pass backwards close to the linea aspera of the femur under cover of small 
tendinous arches in the muscle. The first is given off above the Adductor htevis,. 
the second in front of that muscle, and the third immediately below it. . 
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The^st pt^foratiyig artery passes backwards betwccMn the Fectineus and Adductor 
brevis (sometimes it perforates the latter muscle) ; it then pierces th Adductor 
magnus close to the linea aspera. It gives branches to the Adductor brevis, 


Fig. 656, — The right femoral artery. 
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Adductor magnus, Biceps femoris, and Glutasus maxiinus, and anastomoses with the 
inferior glutflsal, medial and lateral femoral circumflex, and second perforating 
arteries. 

The^ second perforating a^rt&rUy larger than the first, but frequently aiising in 
common with it, pierces the tendons of the Adductor brevis and Adductor magnus, 
and divides into ascending and descending branches which supply the posterior 
femoral muscles, anastomosing with the first and third perforating. The nutnmt 
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artery of the femur is usually given ofE from this artery ; when two nutrient arteries 
exist, they usually spring from the first and third perforating vessels. 

The third perforating artery is given ofiE below the Adductor brevis ; it pierces 
the Adductor magnus and divides into branches which supply the posterior femoral 
muscles, and anastomose above with the higher perforating arteries, and below 
with the ter;9i^nation of the profunda and the muscular branches of the popliteal. 
The nutrienl'artory of the femur may arise from this branch. 

The termination of the profunda artery, already described, is sometimes called 
ihe fourth perforating artery. 

Numerous muscular branches arise from the profunda ; some of these end 
in the Adductores, others pierce the Adductor magnus, give branches to the ham- 
strings, and anastomose with the medial femoral circumflex artery and with the 
superior muscular branches of the popliteal. 

7. The highest genicular artery (arteria anastomotica magna) (fig. 656) arises 
from the femoral just before it passes through the opening in the tendon of 
the Adductor magnus, and immediately divides into a saphenous and a musculo- 
articular branch. 

The saphenous branch pierces the aponeurotic covering of the adductor canal, 
ani accompanies the saphenous nerve to the medial side of the knee. It passes 
between the Sartorius and Gracilis, and is distributed to the skin of the 
upper and medial part of the leg, anastomosing with the medial inferior genicular 
artery. 

The musculo-articular branch descends in the substance of the Vastus medialis, 
and in front of the tendon of the Adductor magnus, to the medial side of the knee, 
where it anastomoses with the medial superior genicular and anterior recurrent 
tibial arteries, A branch from this vessel crosses above the patellar surface of the 
femur, forming an anastomotic arch with the lateral superior genicular artery, 
and supplying branches to the knej>j<!nnt. 


Popliteal Possa (fig. 657) 

Boundaries. — The popliteal fossa or space is a lozenge-shaped space, 
at the back of the knee-joint. Laterally it is boimded by the Biceps feinoris 
above, and by the Plantaris and the lateral head of the Gastrocnemius below ; 
medially it is limited by tho Semitendinosus and Semimembranosus above, 
and by the medial head of tho Gastrocnemius below. The floor is formed 
by the popliteal surface of the femur, the oblique popliteal ligament of the 
knee-joint, tho back of the upper end of the tibia, and the fascia covering 
the Popliteus ; the fossa is covered in by the fascia lata. 

Contents. — ^The popliteal fossa contains the popliteal vessels, tho tibial 
and the common peronsoal nerves, the termination of the small saphenous vein, 
the lower part of the posterior femoral cutaneous nerve, the articular brancli 
from the obturator nerve, a few small lymph-glands, and a considerable quantity 
of fat. Tho tibial nerve descends through the middle of the fossa, lying under 
the deep fascia, and crossing the vessels posteriorly from the lateral tq the medial 
side. The common peronaeal nerve descends on the lateral side of the upper 
part of the fossa, close to the tendon of the Biceps femoris. On tho floor of 
the fossa are the i)opliteal vessels, the vein being superficial to the artery and 
united to it by dense areolar tissue ; tho vein is a tMck-walled vessel, and lies 
at flirst lateral to the artery, and then crosses it posteriorly to gain its medial 
side below ; sometimes it is double, the artery lying between tho two veins, 
which are usually connected by short transverse branches. The articular 
branch from tho obturator nerve descends upon the artery to the knee-joint. 
The popliteal lymph-glands, six or seven in number, are imbedded in the fat ; 
one hes beneath the popliteal fascia near the termination of the external 
saphenous vein, another between the popliteal artery and the back of the knee- 
joint, while the others are placed at the sides of the popliteal vessels. 
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POPLITIBAL ABTEEY (fig. 657) 

The popliteal artery the continuation of the femoral artery, and courses 
through the popliteal fossa. It extends from the opening in the Adductor 
magnus, at the junction of the middle with the lower third of the thigh, downwards 
and lateralwards to the intercondyioid fossa of the femur, and then vertically 
downwards to the lower border of the Popliteus, where it divides into anterior 
and posterior tibial arteries. 

— ^In front of the artery, from above downwards, are the popliteal 
surface of the femur (separated from the vessel by some fat), the back of the knee- 
joint, and the fascia covering the Popliteus. Behind, it is overlapped by the Semi- 
membranosus above, and is covered by the Gastrocnemius and Plantaris below. 
In the middle part of its course the artery is separated from the skin and fascise 
by a quantity of fat, and is crossed from the lateral to the medial side by the 
tibial nerve and the popliteal vein, the vein being between the nerve and the arter}' 
and closely adherent to the latter. On its lateral side, above, are the Biceps femoris, 
the tibial nerve, the popliteal vein, and* the lateral condyle of the femur ; below, 
the Plantaris and the lateral head of the Gastrocnemius. On its medial side, 
above, are the Semimembranosus and the medial condyle of the femur ; below, 
the tibial nerve, the popliteal vein, and the medial head of the Gastrocnemius. 
The relations of the popliteal lymph-glands to the artery arc described^oii 
the previous page. 

Peculiarities . — Occasionally the popliteal artery divides into its tenriinal branches 
opposite the knee-joint ; ' when this occurs the anterior tibial artery usually descends in 
front of the Popliteus. The popliteal artery sometimes divides into the anterior tibial 
and peronteal arteries, the posterior tibial artery being wanting, or rudimentary; 
occasionally it divides into three branches, the anterior and posterior tibial. and peronneal 
arteries. 

Applied Anatomy . — The popliteal artery is not infrequently the scat of injury. It 
may be torn by direct violence, as by the passage of a cart-w^ocl over the knee, or by 
hyperextension of the knee. It may also be lacerated by fracture of the lower part of 
the femur, or by anteroposterior dislocation of the knee-joint. It has been torn in break- 
ing down adhesions in cases of fibrous ankylosis of the knee, and is in danger of being 
wounded in performing Macewen’s operation of osteotomy of the low^cr end of the femur 
for genu valgum. It is more frequently the seat of aneurysm than any other arterj' 
except the thoracic aorta. No doubt this is due in a groat measure to the amount of 
movement to which it is subjected, and to the fact that it is supported by loose and lax 
tissue only, and not by muscles, as is the case with most arteries. When the knee is 
acutely flexed, the popliteal artery becomes bent on itscU in such an extent as entirely to 
arrest the circulation through it. 

Ligature of the popliteal artery is required in casi*s of wound of the vessel, but for 
auourysm it is preferable to tie the femoral. The, popliteal may be tied in the upper or 
lower part of ite course; in the middle of the popliteal fossa the operation is attended 
with considerable difiioulty, from the great depth of the vessel, and from the extreme 
degree of tension of the lateral and medial boundaries of th(3 fossa. 

In order to expose the upper part of the vessel, the patient should bo placed in the 
supine position, with the knee flexed and the thigh abducteil ami rotated outwards so that 
it rests aa its lateral surface; an incision 7 cm. or 8 cm. ni length, beginning at the 
junction of tlie middle with the lower third of the thigh, is to be made parallel to and 
immediately behind the tendon of the Adductor magnus, and the skin, superficial and 
deep fasciaj divided. The tendon of tlie muscle is thus exposed, and is to be drawn 
forwards, and the hamstring tendons backwards. A quantity of fatty tissue will now 
be opened up, in which the artery null bo felt pulsating. This tissue is to bo separated 
with the point of a director until the artery is exposed. The vein and nerve will not be 
seen, as they lie to the lateral sido of the artery. The sheatli is to be opened, and the 
aneurysm needle passed from before backwards, keeping its point close to thp^' artery for 
fear of injuring the vein. The only structure to avoid in the superficial incision is the 
great saphenous vein. 

To expose the vessel in tho lower part of its course, where ij, lies between the two 
heads of tho Gastrocnemius, the patient should be placed in the prone position with 
the limb extended. An incision should then be made through the skin in the middle line, 
commencing opposite the bond of the knee-joint, care being .taken to avoid the small 
saphenous vein and the medial sural cutaneous nerve. After dividing the deep fascia, 
and separating some dense cellular tissue, the artery, vein, and nerve will be exposed 
between the two heads of the Gastrocnemius. Some muscular branches of the artery 
should be avoided if possible, or, if divided, tied immediately. The leg being now flexed, 
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in order the more eS^tually to separate the tivo beads of the Gastroonemiue, the nerve 
should be drawn medialwards and the vein lateralwards, and the aneurysm needle passed 
between the artery and vein from the lateral to the medial side. 


Fia. 657. — The popliteal, postei'ior tibial, 
ftn^j^routeal arteries. 


Branches.— The 
popliteal artery are : 

Cutaneous. 
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The cutaneous branches arise either 
from the popliteal artery or from some of 
its branches ; they descend between the 
two heads of the Gastrocnemius, and, 
piercing the deep fascia, are distributed 
to the skin of the back of the leg ; one 
usually accompanies the small saphenous 
vein. 

The superior muscular branches, two 

or three in number, arise from the upper 
part of the artery, and pass to the Adduc- 
tor majnus and the hamstring muscles, 
anastomosing with the terminal part of 
the aiteria profunda femoris. 

The sural arteries are two large 
branches which arise opposite the knee- 
jomt and are distributed to the (rastro- 
i -emius, Soleus. and Plantaris. 

The superior genicular arteries 
(suoerior articular arteries) (figs. 657, 
658), two in number, arise one on either 
side of the popliteal artery, and wind 
round the femur immediately above its 
condyles to the front of the knee-joint. 
The medial mperior genicular artery runs 
in front of the Semimembranosus and 
Semitendinosus, above the medial head 
of the Gastrocnemius, and passes beneath 
the tendon of the Adductor magnus. It 
divides into two branches, one of which 
supplies the Vastus medialis and 
anastomoses with the highest genicular 
and medial inferior genicular arteries ; 
the other ramifies close to the surface 
of the femur, and anastomoses with 
the lateral superior genicular artery. 
The size of the medial superior genicular 
artery varies inversely with that of 
the highest genicular. The lai(fral i^pfrior 
genicular ^ery passes beneath the t^don 
of the Biceps femoris, and (Jivides into 
a supcii^cial and a deep branch; the 
superficial branch supplies the Vastus 
lateralis, and anastopoLoses with the 
descending branch of the lateral femoml 
circumflex artery and with tifcie lateral 
inferior geukukr artery ; the deep branch 
auastoiqosieB with the inferior 



POPLITEAL ARTERY 663 

genicular artery, and forms an arch across the front of the bone with the highest 
genicidar artery. 

The middle genicular artery (azygos articular artery), a small branch, arises 
from^ the popliteal artery opposite the back of the knee-joint ; it pierces the oblique 
popliteal ligament, and supplies the cruciate ligaments and the synovial stratum of 
the articular capsule. 

The inferiw genicular arteries (inferior articular arteries) (figs. 657, 658), two 
in number, arise from the popliteal artery beneath the Gastrocnemius. The medial 
inferior genicular artery descends along the upper margin of the Popliteus, to which 
it gives branches ; it then passes below the medial condyle of the tibia and beneath 
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Fig. 658. — Anastomosis around the knee-joint. 
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the tibial collateral ligament ; at the anterior border of this ligament it ascends 
to the front and medial side of the joint, supplies the joint and the upper end of the 
tibia and anastomoses with the lateral inferior and medial superior genicular arteries. 
The lateral inferior genicular artery runs lateralwards above the head of the fibula 
to the froRt of the knee-joint, passing in its course beneath the lateral head of 
the Gjwtrocnemius, the fibular collateral ligament, and the tendon of the fiic^ 
fcgll&is. It divides into branches which anastomose with the medial inferior 
gpicular, lateral superior genicular, and anterior recurrent tibial arteries. \ 

The auastomocis around the tmee-joint (fig. 668)*— Around and alx)ve the 
patella, and on the contiguous ends of the femur and tibia, is an intricate arterial 
anastomosis forming a superficial’ and a deep network. The superficial network is 
situated between the fascia and skin round about the patella, and forms thr(*e well- 
defined arches ; one above the patella in the loose connective tissue over the Quad- 
riceps femoris, and two below the patella in the fat behind the ligamentum patellro. 
The deepnetworhlios on the lower end of the femur and upper end of the tibia aroimd 
their articular surfac^s^ and sends numerous ofifeets into the interior of the joint* 
The aeries wlrieh form tlie anastomosis are the two medial and the two lateral 
I of the jfppfiteah, the highest g^Tcid^, the descending branch of 
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Fig. 6r»9. — ^Anterior tibial and dorsalis 
pedis arteries. 
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i Anterior^ Tibl^ Artery 

G^he anterior tibial artery 
begins at the bifurcation of the 
popliteal artery, at the lower border 
of the Popliteus, passes forwards 
^fer^r between the two beads of the 
genicular Tibialis posterior and through the 
upper part of the crural interosseous 
membrane, to the front of the 
leg : it here lies close to the medial 
side of the neck of the fibula. It 
descends on the anterior surface 
of the crural interosseous mem- 
brane, graduaUy approaching the 
tibia : at the lower part of the 
leg it lies on tliis bone, and then on 
the front of the ankle-joint midway 
between the two malleoli, where it 
becomes the dorsalis pedis artery. 

Relations. — In the upper two- 
thirds of its extent, the anterior tibial 
artery rests upon tlic crural interos- 
seous membrane ; in the lower third, 
upon the front of the tibia and th(' 
anterior ligament of the ankle-joint. 
Ill the upper third of its course, it 
lies between th<' Tibialis anterior and 
Extensor digitorum longus ; in the 
middle third between the Tibialis 
anterior and Extensor hallucis lon- 
gue. At the ankle it is crossed from 
the lateral to the medial side by the 
tendon of the Extensor hallucLs 
longus, and lies between it and the 
tendon of the Extensor digitorum 
longus. Its upper two-thirds are 
covered by the muscles which lie on 
either side of it, and by the deep 
fascia ; its lower third, by the .skin 
and fascia, and the transverse and 
cruciate crural ligaments. 

A pair of venro comitantes lie one 
on either side of the artery. The 
Detp ^^cp peronaeal nerve, coursing round 
vinntar the lateral side of the neck of. the 
fibula, comes into relation with the 
lateral side of the aiteiy shortly 
after it has reached the front of the 
leg ; about the middle of the leg 
the nerve is in front of the artery ; 
at the lower part it is generally on 
the lateral side again. 

Peculiarities , — This vessel may be 
smaller than usual, or may be absent, 
its place being supplied by perforating 
branches from the posterior tibial. or by the perforating branch of the poronaeal artery. 

. The artery occasionally deviates towards the fibular side of the leg, regaining its usual 
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position at the front of the ankle. Very occasionally it approaches the surface at the leg, 
and is covered merely by the skin and fascia below that point. 

Applied Anatomy , anterior tibial artery is liable to be injured in fractures of the 
lower third of the tibia, on account of its close proximity to the bone. The application 
of a ligature to the vessel is rarely required, except in cases of wound or traumatic 
aneurysm. The operation in the upper half of the leg is difficult on account of the 
depth of the vessel from the surface. An incision about 10 cm. in length is made 
3 cm. lateral to the anterior border of the tibia. The akin and superficial structures 
having been divided and the deep fascia exposed, the white line separating the Tibialis 
anterior from the Extensor digitorum longus is sought. Whim this has been clearly 
defined, the deep fascia is to be divided in this line, and the Tibialis anterior separated 
from adjacent muscles until the interosseous membrane is reached. The foot is to be 
fiexed in order to relax the muscles, and upon drawing them apart the artery will be 
foimd lying on the interosseous membrane with the nerve lateral or superficial to it. The 
nerve should be drawn lateral wards, the ven® comitantes separated from the artery and 
the needle passed around it. 

To tie the vessel in the lower third of the leg, an incision about 7 cm. in length should 
be made through the skin between the tendons of the Tibialis anterior and Extensor 
hallucis longus, the deep fascia being divided to the same extent. The tendon on either 
side should be retracted, when the vessel, accompanied by the venro comitantes, will be 
seen lying upon the tibia, with the nerve on the lateral side. 

Branches. — ^The branches of the anterior tibial artery are : 

, ;/ Posterior tibial recuiTont. Anterior medial malleolar. 

Anterior tibial recurrent. Anterior lateral malleolar. 

Muscular. 

The posterior tibial recurrent artery^ an inconstant branch, is given oil from 
the anterior tibial artery before that vessel reaches the front of the leg. It cascends 
in front of the Poplitous, anastomoses with the inferior genicular branches of the 
popliteal artery, arid gives an offset to the tibiofibular joint. 

The anterior tibial recurrent artery arises from the anterior tibial artery , as 
soon as that vessel has reached the front of the limb ; it ascends in the Tibialis 
anterior, ramifies on the front j.nd sides of the knee-joint, and assists in the formation 
of the patellar network by anastomosing with the genicular branches of the popliteal 
artery, and with the highest genicular artery. 

The muscular branches arc numerous and are distributed to the muscles which 
lie on either side of the vessel ; some pierce the deep fascia to supply the skin, 
others pass through the crural interosseous membrane, and anastomose with branches 
of the posterior tibial and peronseal arteries. 

The anterior medial malleolar artery (internal malleolar artery) arises al)out 
5 (im. above the ankle-joint, and passes behind the tendons of the Extensor hallucis 
longus and Tibialis anterior, to the medial side of the ankle, where it anastomoses 
with l)ranchcs of the posterior tibial and medial plantar arteries. 

The anterior lateral malleolar artery (external malleolar artery) passes beneath 
the tendons of the Extensor digitorum longus and Peronaous tertius ; it supplies 
the lateral side of the anlde and anastomoses with the perforating branch of thes 
peronaeal artery and with ascending twigs from the lateral tarsal artery. 

The aiteries around the ankle-joint anastomose freely with one another and 
form networks below the corresponding malleoli. The m&Ual mdleolar network 
is formed by the anterior medial malleolar branch of tluj anterior tibial artery, the 
medial tarsal branches of the dorsalis pedis ai-tery, the posterior medial malleolar 
and medial ealc/aneal branches of the posterior tibial artery, and branches from the 
medial plantar artery. The lateral malleolar network is formed by the anterior 
lateral malleolar branch of the anterior tibial artery, the lateral tarsal branch of 
the dorsalis pedis artery, the perforating and the lateral calcaneal branches of the 
peronaeal artery, and twigs from the lateral plantar artery. 


Aetbeja Doesalis Pedis (fig. 059) 

Tho arteria dorsalis pedis, the contiiiucation of the anterior tibial artery, 

J )asse8 forwai-^ from the ankle-joint along tho tibial side of the domum of the 
oot to the pro!Kimal part of tho first intermetatarsal space, when? it divides into 
the first dorsal metatarsal and the deep plantar arteries. 
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BelaiiooLS* — ^The arteria dorsalis pedis is acoomx>aniod by two yems» and lies 
successively upon the 'front of the articular capsule of the ankle-joint, the talus, 
navicular, and second cuneiform bones, and the ligaments connecting them. It is 
covered by the skin, fascia, and cruciate crural ligament, and crossed near its 
termination by the first tendon of the Extensor digitorum brevis. On its itbiail 
side is the t<?*?don of the Extensor hallucis longus ; on it&fbular side, the first tendon 
of the Extenscaf^'digitorum longus, and the termination of the deep peronseal nerve* 

Feculiaritiea . — The artciia dorsalis pedis may be larger than usual, to compensate 
for a deficient plantar artery; its branches to the toes may be absent, the toes then being 
supplied by the medial plantar ; or its placo may be taken altogether by a large perforating 
branch of the perouiral artery. It frequently curves lateralwards, lying lateral to the line 
between the middle of the ankle and the proximal part of the first interosseous space. 

Applied Anatomy . — The arteria dorsalis pedis may be tied, by making an incision 
5 cm. in length, through the skin on the fibular side of the tc?ndon of the Extensor hallucis 
longus, in the interval between it and the medial border of the Extensor digitorum brevis. 
The incision should not extend farther forwards than the proximal part of the first inter- 
metatarsal space, as the artery divides in that situation. When the deep fascia has been 
divided the artery will bo exposed, with the deep pcroiueal nerve lying lateral to it. 

^/Branches. — The branches of the arteria dorsalis pedis are : 

Lateral tarsal. Arcuate. 

Medial tarsal. First dorsal metatarsal. 

Deep plantar. 

The lateral tarsal artery arises from the arteria dorsalis pedis as the latter crosses 
tie navicular bone ; it passes lateralwards and forms an arch upon the tarsal 
bones, being covered by tlie Extensor digitorum brevis ; it supplies this miiscje 
and the articulations of the tarsus, and anastojuoses with branches of the arcuate, 
anterior lateral malleolar, and lateral plantar arteries, and with the perforating 
branch of the peronseal artery. 

The medial tarsal arteri s are two or three small branches; they ramify on 
the medial border of tlie foot and join the medial malleolar network. 

The arcuate artery (metatarsal artery) arises a little anterior to the lateral 
tarsal artery ; it passes lateralwards over the bases of the metatarsal bones beneath 
the tendons of the Extensor digitorum brevis, and anastomoses with the lateral 
tarsal and lateral plantar arteriL.< It gives off the seco7idy third, and fourth dorsal 
fnetatarsal arteries, which run forwards 'ipon the corresponding Interossei dorsales ; 
in the clefts between the toes each divides into two dorsal digital branches for the 
adjoining toes. At the proximal parts of the interosseous spaces the dorsal meta- 
tarsal arteries receive the posterior perforating branches from the plantar arch, 
and at the distal parts of the spaces they are joined by the anterior perforating 
branches from the plantar metatarsal arteries. The fourth dorsal metatarsal artery 
gives off a branch which supplies the lateral side of the fifth toe. 

The first dorsal metatarsi artery (arteria dorsalis hallucis) runs forward on the 
first Interosseus dorsalis, and at the cleft between the first and second toes <fivides 
into two branches, one of which passes beneath the tendon of the Extensor hallucis 
longus, and is distributed to the medial border of the great toe ; the other bifurcates 
to supply the adjoining sides of the great and second toes. 

The deep plantar artery (communicating artery) descends into the sole of the 
foot, between the two heads of the first Interosseus dorsalis, and completes the 
plantar arch by uniting with the termination of the lateral plantar' artery; At 
its junction with the lateral plantar artery it gi^es off the first fitemtar meUOa/rsal 
arle/ry (p. 669). 


PosTBEiOB Tibial Artbry (fig. 657) 

jrfie posterior tibial artery be^ns at the lower border of the 
opposite the interval between the tibia and fibula, and passes downwards and 
medialwards on the back of the leg. In the lower part 6! its course it is situated 
midway between the medial malleolus and the medial process of the baleitneal 
tuberosity. It divides beneat|i the origin of the Abductor hallucis intb the 
rtMial and lateral plantar artenes* 
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Itekijoiiis, — The poBterior tibial attery lies successively upon^ the Tibialis 
posterior; the Flexor digitorum longus, the tibia, and the back of the ankle-joint. 
Its uppermost part is covered by the Gastrocnemius and Soleus and the deep trans- 
verae fascia of the leg, its terminal part by the Abductor hallucis. In the lower 
third of the leg, it is more superficial, and is covered only by the skin and fascia, 
and runs parallel with the medial border of the tendo calcaneus. It is accompanied 
by two veins, and by the tibial nerve which lies at first to its medial side, but soon 
crosses it posteriorly, and is, in the greater part of its course, on its lateral side. 

Behifid the medial malleolus, the structures which pass under cover of the laciniate i 
ligament are arranged in the following order from the medial to the lateral side ; i 
first, the tendons of the Tibialis posterior and Flexor digitorum longus l 5 dng ini 
the same groove behind the malleolus, the former being the more medial ; then 
the posterior tibial artery, with a vein on either side of it ; lateral to the tibialj 
vessels is the tibial nerve ; and about 1*25 cm. nearer the heel is the tendon of thei 
Flexor hallucis longus. ^ ' 


Peculiarities, — The*, posterior tibial artery may bo small or absent, its place being 
supplied by a largo peronyeal artery, which cither joins Iho small posterior tibial artery, 
or continues alone to the sole of the foot. 


Applied Anatomy , — Ligature of the posterior tibial artcuy may be required in cases 
of wound of tho sole of the foot, attended with great haemorrhage; the vessel should then 
bo tied at the ankle. Tn cases of wound of the posterior tibial, it will be necessary to 
enlarge tho opening so as to expose the vessel at the wounded point, excepting where the 
vess(d is injured by a punctured wound from the front of the leg. In cases of aneurysm 
from wound of the artery low dow'n, the vessel shouLl be tied in the middle of the leg. 

'lo tie the posterior tibial artery at the ankle, a curved incision, about 6 cm. long, and 
with its convexity directed backwards, should bo made through the skin, midway between 
the heel and the medial malleolus, or a little nearer the latter. The subcutaneous tissue 
having been divided, the laciniate (internal annular) ligament is seen. This is divided, 
and the sheath of t)ie vessels exposed and opened, when the artery is seen with one of 
the vensB comitantes on cither side. The aneurysm needle should bo passed round the 
vessel from the heel towards the ankle, in order to avoid the tibial nerve, care at the saiue 
time being taken not to include the venaj comitantes. 

The vessel may also be tied in the lower third of the leg by making an incision about 
8 cm. long, parallel with the medial border of the tendo calcaneus. The great saphenous 
vein must be avoided, and tho two layers of fascia dividend upon a director, when the 
artery is exposed along the lateral margin of the hloxor digitorum longus, with one of its 
venoe comitantes on either side, and the nerve lying lateral to it. 

Ligature of the posterior tibial in the middle of the leg is a very difficult operation, 
on account of the great depth of the vessel from the surface. The patient being placed 
in the recumbent position, the injured limb should rest on its fibiilar side, the knee being 
partially bent, and the foot extended, so as to relax tin* muscles of the calf. An incision 
about 10 cm. in length should then be made through the skin, a finger's breadth behind 
the medial margin of the tibia, care being taken to avoid tho great saphenous vein. Tho 
deep fascia having been divided, the margin of the Gastrocnemius is exposed, and drawn 
aside, and the tibial attachment of the Soleus divided. Tho artery may now bo felt 
pulsating beneath the deep transverse fascia, about 2 '5 cm. from the margin of the tibia. 
This fascia having been divided, and the limb placed in such a position as will relax tho 
muscles of the calf as much as possible ^ the veins should be separated from the artery 
and the aneurysm i^oedlo passed round the vessel from the lateral to the medial side, so 
as to avoid wounding the tibial nerve. t 


Branches. — The branches of the posterior tibial artery arc : 


1. Tlbular. 

2. Pieron»aI. 

3. Nutrient. 

4. Muscular. 

6. Communicating. 


6. Posterior medial malleolar; 

7. Medial calcaneal. 

8. Medial plantar. 

9. Latoral plantar. 


1. The flbular artery^ sometimes a branch of tho anterior tibial artery, passes 
lateraiwards round the neck of the fibula, through the Soleus, and anastomoses 
with lateral inferior genicular artery. 

2. The artery arises from the posterior tibial, about 2*5 cm. below 

the lower border of the PopUteus. It passes obliquely towards the fibula, arid, 
descends aIo;^g the medial ride of that bone, contained in a fibrous caxu^l ; 

the Tibialis |M)ateric»r and the Flexor hallucis longus, or in t^e 8td>BMnqe 
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latter muscle. It then runs behind the inferior tibiofibular joint, and divides into 
lateral calcaneal branches which ramify on the lateral and posterior surfaces of 
the calcaneus. 

It is covered, in the u^pper part of its course, by the Soleus and deep transverse 
fascia of the leg ; in the hnoer part, by the Flexor hallucis longus. 

PecuHanixe^^ThQ peronteal artery may arise 7 or 8 cm. below the Popliteus, or from 
the posterior tibial high up, or even from the popliteal. It is more frequently increased 
than diminished in size ; and then it cither joins and reinforces the posterior tibial artery, 
or takes the place of that artery in the lower ^art of the leg and foot. When the peronroal 
artery is smaller than usual, a branch from the posterior tibial artery supplies its place; 
and a branch from tlio anterior tibial artery compensates for the diminished perforating 
artery. 

The peronieal artery gives off the following branches : 

Muscular branches are supplied to the Soleus, Tibialis posterior, Flexor hallucis 
longus, and Peronoji. 

A nutrient artery supplies the fibula, and is directed downwards. 

A perforating branch pierces the crural interosseous membrane, about 5 cm. above the 
lateral malleolus, and reaches the front of the leg, where it anastomoses with tho anterior 
lateral malleolar; it then passes down in front of the inferior tibiofibular joint, gives 
branches to the tarsus, and anastomoses with the lateral tarsal artery. The perforating 
branch is soTnetimes enlarged, and may take the place of the dorsalis pedis artery. 

A ronununicating branch arises from tho perona?al artery about 5 cm. above the 
lower end of the tibia, and joins tho communicating branch of the posterior tibial artery. 

Lateral calcaneal or terminal branches of the pcronieal artery pass to the lateral aide of 
tho heel, and communicate with tho anterior lateral malleolar artery and, on tho back 
nf the liocl, with the medial calcaneal arteries. 

3. The nutrient artery of the tibia arises from the posterior tibial artery near its 
origin, and, after supplying a few minute muscular branches, enters the nutrient 
canal in the bone ; this canal is situated immediately below the popliteal line and 
is directed downwards. 

4. Muscular branches are distributed to the Soleus and to the deep muscles 
on the back of the log. 

5. The communicating htanch inns transversely across the back of tho tibia 
about 5 cm. above its lower end, beneath the Flexor hallucis longus, and joins the 
communicating branch of the peronseal artery. 

6. The posterior medial malleolar artery is a small branch which winds round 
the tibial malleolus and ends in the media’ malleolar network. 

7. Tlic medial calcaneal braiifhes are several large arteries which arise from 
the posterior tibial just before its div^s’on ; they pierce tho laciniate ligament and 
are distributed to the fat and akin beliind the tendo calcaneus and about the heel, 
and to the muscles on the tibial side of the sole, anastomosing with the peronaeal 
and medial malleolar arteries, and, on the back of the heel, with the lateral calcaneal 
arteries. 

8. The medial plantar artery (internal plantar artery) (figs. 660, 661), the smaller 
of the terminal branches of the posterior tibial artery, jpasses forwards along the 
medial side of the foot. It is at first situated above the Abductor hallucis, and 
then between it and the Flexor digitorum brevis, both of which it supplies. At 
the base of the first metatarsal bone, where it is much diminished in size, it passes 
along the medial border of the first toe and anastomoses with the first dorsal meta- 
tarsal artery. Three small superficial digital branches accompany the digital 
branches of thci medial plantar nerve and join the first, second and third plantar 
metatarsal arteries. 

9. The lateral plantar artery (external plantar artery) (fig. 661), the larger of tho 
terminal branches of the posterior tibial artery, passes at first obliquely lateralwards 
and forwards to the base of the fifth metatarsal bone ia company with the lateral 
plantar nerve. It then turns medialwards with the deep branch of the nerve, to 
the interval between the bases of the first and second metatarsal bones, where 
it unites with the deep plantar branch of the dorsalis pedis artery, thus completing 
the plantar arch. As this artery passes lateralwards, it is first placed between the 
calcaneus and Abductor hallucis, and then between the Flexor digitorum brevis 
and Quadiatus plant* ; as it runs forwards to the base of the fifth metatarsal bope 
it lies between the Flexor di^torum brevis and Abductor digiti quinti, and is covered 
by the plantar aponeurosis superficial fascia and skin. The remainder of the 
vessel is deeply situated ; it extends from the base of the fifth metatarsal bone to 
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the proximal part of the first interosseous space, and forms the plantar arch ; it 
18 convex forwards, lies below the bases of the second, third, and fourth metatarsal 
bones and the corresponding Interossei and upon the oblique part of the Adductor 
hallucis. 

Branches. — The plantar arch distributes numerous twigs to the skin, fascioe and 
muscles in the sole, and gives off the following branches : 

(a) Perforating branches, throe in number, ascend through the proximal part 
of the second, third, and fourth interosseous spaces, between the heads of the 
Interossei dorsales, and anastomose with the dorsal metatarsal arteries. 


Fig. 660 . — The plantar arteries. 
Superficial view. 



Fig. 661. — The plantar arteries, 
Deep view. 



(6) Plantar metatarsal arteries (fig. 6G1), four in num)>er, run forwards between 
the metatarsal bones and in contact with the Interossei. Each divides into a ]>air 
of plantar distal arteries which supply the adjacent sides of the toes. Near their 
points of division each sends upwards an anterior pcrforaling branch to join tlie 
corresponding dorsal metatorsal artery. The first plantar metatarsal artery 
(arteria magna hallucis) springs from the junction between the lateral and deep 
plantar arteries (p. 666), and sends a digital branch to the medial side of the 
first toe. The digital branch for the lateral side of the fifth toe arises from the 
lateral plantar artery near the base of the fifth metatarsal l)one. 

Applied Anatomy , — Wounds of the plantar arcli are always serious, on account of the 
depth of the vessel and the important structures which must be interfered with in an 
attempt to ligature it. They must be treated on similar lines to those of wounds of tlio 
volar arches (p. 627). Fressure locally, combined with elevation of the limb, may 
in some cases be sufficient to arrest the bleeding, but if this fails, an attempt should be 
made to find the bleeding point and ligature it. Hhould this prove unsuccessful, it may 
bo necessary to ligature the femoral artery below the origin of the arteria profunda 
fomoris, as "ligature of the anterior and posterior tibial arteries may not be sufficient 
to control the bwmorrhage, and it is safer and quicker to tie the femoral under the 
circumstances. 
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THE VEINS 

The veins convey the blood from the capillaries of the different parts of the 
body to the heart. They consist of two sets, pulmonary and systemic. 

llie pi2l.^naiy veins, unlike other veins, contain arterial blood, which 
they return fern the lungs to the left atrium of the heart. 

The S3rstemic veins return the venous blood from the body generally, to 
the right atrium of the heart. 

Tho portal vein, an appendage to the systemic venous system, is confined 
to the abdominal cavity, and convoys the venous blood from tho spleen and 
the viscera of digestion to the liver, where it breaks up into a network of capillary- 
like vessels, from which the blood is drained by the hepatic veins to tho inferior 
vena cava. 

The veins receive the blood from the capillaries, and unite with one another 
to form larger vessels which, in their passage towards the heart, increase in 
size as they receive tributaries, or join other veins. The veins are larger and 
more numerous than tho arteries ; hence, the capacity of the veins is greater 
than that of the arteries ; the capacity of tho pulmonary veins, however, 
only slightly exceeds that of the pulmonary arteries. The veins are cylindrical 
like tho arteries ; t&eir walls, however, are thin and they collapse when the 
vessels arc empty, and the uniformity of their surfaces is interrupted at intervals 
by slight constrictions, which indicate the existence of valves in their interior 
(p. 550). They communicate very freelj^ with one another, especially in 
certain regions of the body. Thus, between the venous sinuses of the cranium, 
and between the veins of the neck, where obstruction would be attended with 
imminent danger to the cerebral circulation, large and frequent anastomoses 
aro found. Free communications also exist between the veins of the vertebral 
canal, and between the veins composing tho various venous plexuses in tho 
abdomen and pelvis. 

Tho systemic venous channels aro subdivided into throe sets, viz. superficial 
and deep veins, and venous sinuses. 

The superficial veins lie in the superficial fascia, beneath tho sldn ; they 
return tho blood from these structures, and communicate with tho deep veins. 

The deep veins accompany tho arteries, and are usually enclosecl in the 
same sheaths writh those vessels. With tne smaller arteries — ^as the radial, ulnar, 
brachial, tibial, peroiiscal — they exist generally in pairs, one l>ung on either 
side of tiio artery, and arc called veriije comiturUes. The larger arteries — such as 
the axillary, subclavian, popliteal, and femoral — have usu^y only one accom- 
panying vein. In certain rcg’uns, however, tho deep veins do not accompany 
the arteries ; for instance, the veins in the skull and vertebral canal, tho hepatic 
veins in the liver, and the larger veins returning blood from the bones. 

Venous sinuses arc found only in the interior of tho skull, and are canals 
between the two layers of the dura mater. 


PULMONARY VEINS 

The pulmonary veins return the arterialised blood from the lungs to the 
left atrium of the heart. They are four in number, two from each lung, and 
are destitute of valves. They commence in a capillary network upon the Walls 
of the alveoli of the limgs, where they are continuous with the capUIary ramifica- 
tions of the pulmonary arteries, and, joining together, form one vessel from 
each lobule of the lung. These vessels, uniting successively, form a single 
trunk from each lobe, three from the right lung and two from the left. The 
vein from the middle lobe of the right lung generally unites wdth that from the 
upper lobe, so that ultimately two trunlw from each lung are formed ; they 
penorate the fibrous layer of the p^cardium and open separately into the 
upj)er and posterior part of the left atrium. OccasaonaUy the tht^ veins 
on the right side remain separate. Sometimes the two left pulmonary veins 
end by a common opening. 
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At the root of the lung^ the superib^puIbioiiaTy vein lies in front of and a little 
below the pulmonary artery ; the inferior is situated at the lowest part of the hilum 
of the lung and on a plane posterior to the upper vein. Behind the pulmonary 
artery is the bronchus. 

The right pulmonary veins pass behind the right atrium and superior vena 
cava ; the left i% front of the descending thoracic aorta. 

Within the pericardium, their anterior surfaces are invested by the .serous layer 
of this membrane. 


THE SYSTEMIC VEINS 

The systemic veins may be arranged into three groups : 1. The veins of 
the heart. 2. The veins of the upper extremities, head, neck, and thorax, 
which end in the superior vena cava. 3. The veins of the lower extremities, 
abdomen, and pelvis, which end in the inferior vena cava. 


VEINS OF THE HEART (fig. 662) 

* 

Coronary sinus. — ^Most of the veins of the heart open into the coronary 
sinus. This is a wide venous channel about 2*25 cm. long, situated in the 


Fig. 66*2. — Base and diaphragm.atic surface of lu-art. 
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postj^rior jpart of the coronary sulcus of the heart, between the left atrium and 
l^t ^ntriqle, and covered by muscular fibres from the left atrium. It ends in 
the right between the opening of the inferior vena cava and the atrio- 

ventricular brifice, its aperture being guarded by a semilunar valve, the vajve:. 
of ffce coronary sinus (valve of Theb&us). " 



672 


AKGIOLOGY 


Its tributaries are the great, small, and middle cardiac veins, the posterior 
vein of the left ventricle, and the oblique vein of the left atrium, aU of which, 
except the last, are provided with valves at their orifices. 

1. The great cardiac vein bcpriTis at the apex of the heart and ascends in the 
anterior longitudinal sulcus to the bases of the ventricles. It then curves to the 
left in the co'tjmary sulcus, and, reaching the back of the heart, op^ns into the left 
extremity of the coronary sinus. It receives tributaries from the left atrium and 
from both ventricles : one, the Uft marginal vein, is of considerable size, and ascends 
along the left margin of the lieait. 

2. The small cardiac vein runs in the coronary sulcus between the right atrium 
and ventricle, and opens into the right extremity of the coronary sinus. It receives 
blood from the back of the right atrium and ventricle ; the right marginal vein 
ascends along the right margin of the heart and joins the small cardiac vein in the 
coronary sulcus, or opens directh into the right atrium. 

3. The middle cardiac vein begins at the apex of the heart, ascends in the 
posterior longitudinal sulcus, and ends in the coronary sinas near its right 
extremity. 

4. The posterior vein of the left ventricle runs on the diaphragmatic surface oi' 
the left ventricle to the coronary sinus, but may end in the great cardiac vein. 

5. The oblique vein of the left atrium (oblique vein of Marshall) is a srnali vessel 
which descends obliquely on the back of the left Atrium and ends in the coronary 
sinus near its left extremity ; it is continuous above with the ligament of the hft 
vena cava (vestigial fold of Marshall), and the two .structures are remnants oC the 
left duct of Cuvier. 

The following cardiac veins do not end in the coronary sinus : (1) the anterior 
cardiac. veins, comprising three or four small vessels which collect blood iron; the 
front of the right ventiicle and open into the right atrium ; the right niaTgiTutl 
vein frequently opens, into the right atrium, and is therefore sometimes regarded 
as belonging to this group ; (2) the smallest cardiac veins (vv. cordis minima'), 
consisting of a number of jninute veins which arise in the muscular wall of ibo 
heart ; most of them'opeu into the atria, but a fe'w end in the ventricles. 


VEINS OF THE HEi^D AND NECIC 

The veins of tho Iioad and iieck may bo subdivided into three groups : 
1. The veins of the exterior of the Joad an^'faco. 2. The veins of the neck. 
3. The diploic veins, the veins of the brain, and the venous sinuses of the diua 
mater. . 


Veins of the Extekioh of Head and Face (fig. 663) 


Frontal. 
Supraorbital. 
Angular. 
Anterior facial. 



Occipital, 


cificihl tempor^. 
internal maxillary. 
Posterior facial., 
posterior auricular. 


The frontal vein begins on the forehead in" ^ venous 3 ^t work which communi- 
cates with the frontal tributaries of the superficial temp 0 EaL>: 0 in. *»Yeins converge 
from the network to form a single trunk, which d^ends tieatHhe middlqliAe of the 
forehead parallel with the vein of the opposite thqlPoot of the ndiSe.the two 

veins are joined by a transverse branch which is (^led thi mwai a/rch recei'^^s 
some small veins from the dorsum of the nose. The frontal veins thSn diverge, 
and at the medial angle of the orbit, each joins with the supraorbital vein to form 
the angular vein. Occasionally the frontal veins unite in a single^ J^onk, which 
bifurcates at the root of the nose into two angular veins. v 

The supraorbital vein begins on the forehead, where it communicates wit|^ the 
frontal tributary of the superficial temporal vein^ It descends superficially to the 
Frontalis muscle, and at the medial angle of the orbit joins the frontal ^rein to form 
"the ai^tdar vein ; it receives the frontal diploic vein, and communicates with the 
superior ophthalmic vein. 



VEINS OE EXTERIOR OP HEAD AND FACE 


The aagi^ vein, formed by the junction of the frontal and supraorbital veins 
runs obliquely downwar^ on the side of the root of the nose, to thi level of the 
lower margm of the oxfcit, where it becomes the anterior facial vein. It receives 
the veaa ot the ala nasi, and communicates with the superior ophthalmic vein 
through the nasofrontal vein, tnus establishing an anastomosis between the anterior 
racial vein and the cavernous sinus. 


Fig. 663. — Veins of tlio head aud neck. 
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fMial V6iii (facia) vein) begins at the side of the nose as a direct 
oi angular vein* It lies behind the external maxillary (facial) 
lows a Jess tortuous course. It nins obliquely downwards and back- 
]$^h the Zygomaticus and zygoma*' head of the Quadratus labii superi- 
along the anterior border and then on the superficial surface of the 
over the body of the mandible, and passes obliquely backwards. 


i3rr*77ifT7rr>iiii 


^ Stylohyoideus. ”It unites witli the anterior branch of the posterior 

facial the covmm facial vein, which crosses the external carotid artery 

and ent^i:8fe.tlia^- intepral^ vein at a variable point below the hyoid bone. 

Fioni nw its termination a branch often runs down the anterior liordeT of the 
Sterdocleidomastoideus to join the lower part of the anterior jugular vein. 
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Tributaries.— The anterior facial vein receives a branch of considerable size^ 
the deep facM from the pterygoid venous plexus. It is algo joined by the 
superior and inferior palpebral^ the superior and inferior labial, the buccinator and 
the masseteric veins, l^low the mandible it receives the submental, palatine, 
and submaxillary veins, and, generally also, the vena comitana of the hypoglossal 
nerve. 

Applied Anatomy. — There are sonie points about the anterior facial vein which render 
it of great importance in surgery. It is not so flaccid as are most superficial veins, and, 
in consequence of this, remains more patent when divided. It has, moreover, no valves. 
It communicates freely with the intracranial circulation, not only at its commencement 
by the angular and supraorbital veins which are connected with the ophthalmic vein, a 
tributary of the cavernous sinus, but also by the deep facial vein, which communicates 
through the pterygoid plexus with the cavernous sinus by branches passing through the 
foramen ovale and foramen lacerum (p. 687). These facts have an important bearing 
ui)on the surgery of some diseases ; any phlegmonous inflammation of the face following a 
poisoned wound is liable to set up thrombosis in the anterior facial vein, and detached 
portions of the clot may give rise to purulent foci in other parts of the body. These 
thrombi may extend upwards into tho cranial sinuses, and so induce a fatal issue; this 
has been known to follow in cases of ordinary carbuncle of the face. The position of the 
V0171 must bo homo in mind when incisions are made for the relief of suppuration about 
the mandible. 

The superficial temporal vein begins on tho side and vertex of the skull in a 
network which joins with the corresponding vein of the opposite side, and witlia 
the frontal, supraojbital, posterior auricular and occipital veins. From. this net- 
work, frontal and 2>arietal branches arise, and unite ^ove the zygomatic arch to 
form the superficial temporal vein, which is joined in this situation by the middle 
temporal vein, from the substance of the Temporalis muscle. It then crosses the 
posterior root of the zygomatic arch, enters the substance of the parotid gland, 
and unites with the internal maxillary vein to form the posterior facial vein. 

Tributaries. — The superficial temporal vein receives some veins from the parotid 
gland, ariicular veins from the temporomandibular joint, anterior auricular veins 
from the auricula, and the iramverse facial from the side of the face. The middle 
temporal vein receives the orbital vein, which is formed by some lateral palpebral 
branches, and passes backwards between tlie layers of the temporal fascia to join 
the superficial temporal vein. 

The pterygoid plexus is of considerable size, and is situated partly between 
the Temporalis and Pterygoidcus externus, and partly between the two Pterygoidei. 
Its tributaries correspond with the branches of the internal maxillary artery ; 
thus, it receives the sphenopalatine, middle meningeal, deep temporal, pterj^^goid, 
masseteric, buccinator, alveolar, and some palatine veins, and a branch which 
communicates with the inferior ophthalmic vein through the inferior orbital fissure. 
The pterygoid plexus anastomoses with the anterior facial vein, through the deep 
facial vein ; it is also connected with the cavernous sinus by veins which pass through 
the foramen Vesalii, foramen ovale, and foramen lacerum. 

The internal maxillary vein is a short trunk which accompanies the first part 
of the internal maxillary artery and is formed by a confluence of the veins of the 
pterygoid plexus. It passes backwards between the sphenomandibular ligament 
and the neok of the mandible, and unites with the temporal vein to form the posterior 
facial vein. 

The posterior fiicial vein (temporomaxillary vein), formed by the union of the 
superficM temporal and internal maxillary veins, descends >in the substance of 
the parotid ^and, superficial to the external carotid artery but deep to tne facial 
nerve, betw^n the ramus of the mandible and the Sternocleidomastoideus muscle. 
It divides into two branches, an anterior, which passes forwards and unites with 
the anterior facial vein to form the common facial vein, and a ^terior, which is 
joined by the posterior auricular vein and becomes the external ju^ar vein. 

The posterior auricular vein begins upon the side of the head, in a network 
which communicates with the tributaries of the occipital and superficial tek^ral 
veins. It descends behind the auricula, and joins the posterior divisiqn^ di the 
posterior facial vein to form the external jugular vein. It i^eives the stjdomastoid 
vein and some tributaries from the cranial surface of the auricula. . > 

The ocdpitttl vein begins in a venous network at the posterior part of the skull. 
It pierces the cranial attachment of the Trapezius, dips into the suboccjpital triangle 
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and joins the deep ceivical and vertebral veins. Occasionally it fellows the course 
of the occipital s^ry and ends in the internal jugular vein ; sometimes it joins 
the posterior auricular vein and through it opens into the external jugular vein. 
The parietal emissary vein connects it with the superior sagittal sinus, and the 
mastoid emissary vein with the transverse sinus. The occipital diploic vein some- 
times joins it. 


Veins of the Neck (fig. 663) 

C'^^^erna^ jugular. Anterior jugular. 

Posterior external jugular. Internal jugular. 

Vertebral. 


'‘I'ho external jugular vein receives the greater part of the blood from 
tile exterior of the cranium and from the deep parts of the face, and is formed 
by the union of the posterior division of the posterior facial vein with the 
posterior auricular vein. It begins in the substance of the parotid gland, on 
a level with the angle of the mandible, and runs down the nock, where its 
course is represented by a line drawn from the angle of the mandible to the 
middle of the clavicle at the posterior border of the Stemocleidomastoideus. 
It crosses th^e Sternoclqidpm^stol^^ and in the subclavian triangle 

perforates the deep fascia,^ and ends in the subclavian vein, lateral l0> Qr-iainmt 
oi_thp ^cSJehiiala^ It is separated from the' StBrnocleidomastoideus 

by the investing layer of the deep cervical fascia, and is covered by the Platysma, 
superficial fascia, and skin ; it^crosses the cutaneous cervical nprvjo, and its 
upper half runs parallel with tlio^^eat auricular nerve. Tlio external jugular 
veifi varies in size, bearing ah inverse proportion to the other veins of the neck ; 
it is occasionally double. It is provid^ with, two pairs of valves, a lower 
pair at its entrance into the subclavian vein, an upper about 4 cm. above the 
clavicle. The portion of the vein between the two sets of valves is often dilated, 
and is termed t hq These valves do not prevent regurgitation of the 

blood, or the passage of injection from below upwards. 

Tributaries. — This vein receives the posterior external jugular, and, near its 
termination, the transverse cervical, transverse scapular, and anterior jugular 
veins ; in the substance of the parotid gland, a large branch from the internal 
jugular joins it. The occipital vein occasionally opens into it. 

The posterior external jugular vein begins in the occipital region and returns 
the blood from the skin and superficial muscles in the iippcn- and posterior part 
of the neck. It opens into the middle part of the external jugular vein. 

The anterior jugular vein is devoid of valves and begins near the hyoid bone 
by the confluence of several superficial veins from the submaxillary region. It 
descends between the median line and the anterior border of the Sternocleido- 
mastoideus, and, at the lower part of the neck, turns lateralwards beneath that 
muscle to open into the termination of the external jugular vein, or into the subclavian 
vein (figs. 663, 664). It varies considerably in size, bearing usually an inverse 
proportion to the external jugular ; most frequently there are two anterior jugulars, 
a right and left ; but sometimes only one. It communicates with the internal 
jugular vein and receives as tributaries some laryngeal veins, and occasionally a 
small thyreoid vein. Just above the sternum, the two anterior jugular veins are 
united to one another by a transverse trimk, the venous jugulmr arch, which receives 
tributaries from the inferior thyreoid veins. 

Applied Afiatomy , — Venesection used formerly to be performed on the external 
jugular vein, biit is now probably never resorted to. The point to be remembered in 
performing this operation is to cut across the fibres of the Platysma in opening the vein, 
so that by their contraction they will expose the orifice in the vein and so allow the 
^ow of bh^. 

internal jugular vein oolleQts the blood from the brain, from the 
Ki^rficial parts of the face, and from the neck. It,.ia.4irectly continuous with 

of -tbe skull iu the 

poet erMMf co mpartment of the jugular foramen.,. At its origin it is somewhat 

It runs down the side 

of the neckt lyin g «b fiiat l atwralli:Jto tjh 9 .intei:^ p»otid artery, and then laterally 
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to the common cacotid. artery. At the root of the neck it unites with the 
subclavian vein to form the innominate vein ; a little above its termination 
is a second dilatation, the inferior bulb. In the upper part of its course, it lies 
upon the Bectus capitis lateralis, behind the internal carotid artery and the 
nerves passing through the jugular foramen ; lower down, the vein and artery 
lie upon the same plane, the glossopharyngeal and hypoglossal nerves passing 
forwards between them ; the vagus nerve descends in the same sheath as the 
vein and aSlery, but lies between and on a plane posterior to them ; the accessory 
nerve runs obliquely backwards, superficial or deep to the vein. At the root 


Fig. 664. — Tht* voins of tlio nook, viewed from in front. (After Spalteholz.) 



Subclavian vein 


of the neclj; the right internal jugular vein is placed at a little distance from the 
common carotid artery, and crosses the first part of the subclavian artery, 
while the left internal jugular vein usually overlaps the common carotid artery. 
The left vein is generally smaller than the right, and each contains a pair of 
v al^ , which are placed about 2 '6 cm. above the termination of the ves^. 
^‘“‘^Tributaries. — The internal jugular vein receives the inferior petrosal sinus, 
the common facial, lingual, pharjmgeai, superior and middle thyreoid veins, 
and sometimes the occimW vein. The thoracic duct opens into the angle 
of union of the left subclavian and internal jugular veins, and the right lym- 
phatic duct into the angle of union of the right subclavian and internal 
jugqlar veins. 

The inferior petrosal sinus leaves the skull through the anterior port of the 
jugular foramen, and joins the superior bulb of the internal jugular vein. 
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The lingual veins begin on the doistun, sides, and under surface of the tongue, 
and, passing backwards along the course of the lingual artery, end in the internal 
jugular vein. The vena comitans hypoglossi (ranjne vein), a branch of considerable 
size, begins below the tip of the tongue, and niay join the lingual veins ; generally, 
however, it passes backwards superficially to the Hyoglossus, and opens into the 
common facial vein. 

The pharyngeal veins begin in the pharytigeal plexus on the outer surface of 
the pharynx, and, after receiving some posterior meningeal veins and the vein 
of the pterygoid canal, end in the internal jugular vein. They occasionally open 
into the facial, the lingual, or the superior thyreoid vein. 

The superior thsrreoid vein (fig. 665) begins in the substance and on the'^surface 
of the thyreoid gland, by tributaries corresponding with the branches of the superior 
thyreoid artery, and ends in the upper part of the internal jugular vein. It receives 
the superior laryngeal and cricotbyreoid veins. 


Fig. GCo. — T he veins of the thyreoid gland. 



The middle thyreoid vein (fig. 665) collects the blood from the lower part of 
the thyreoid gland, receives some veins from the larynx and trachea, and ends 
in the lower part of the internal jugular vein. -t 

The common facial and occipital veins have been described. 

Applied Anatomy , — The internal jugular vein requires ligaturo in cases of septic 
thrombosis of the transverse sinus, in order to prevent septic emboli being carried into the 
general circulation. This operation has been perf<*rniod in many cases, with the most 
satisfactory results. Tbo cases are g(merally those of chronic disease of the middle ear, 
with discharge of pus which perhaps has existed for many years. The patient is seized 
with acute septic inflammation, spreading to the mastoid cells, and setting septic 
thrombosis of the transverse sinus and extending downwards into the internal jugular 
vein. Such cases are always extremely grave, for there is a danger of portions of the 
thrombus or clot being detached and causing septic embolism in the lungw. If the 
condition be suspected, the diseased bone should bo removed at once from the mastoid 
'process. The sinus is then investigated, and if it be found thrombosed, the surgeon 
sltould proceed to ligature the internal jugular vein , through an incision along the anterior 
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border of the Stornpcleidomastoideus, the centre of the incision being on a level with the 
greater cornu of the hyoid bone. The vein should be ligatured in two places and divided 
between. After the vessel has been secured and divided, the transverse sinus is to be 
thoroughly cleared out, and, by removing the ligature from the upper end of the divided 
vein, all septic clots removed by syringing from the sinus through the vein. If haemor- 
rhage occur from the distal end of the sinus, it can be arrested by careful plugging with 
antiseptic gauze. 

The internal jugular vein is also surgically important, because it is surrounded by a 
number of deep cervical lymph-glands ; and when these are enlarged in tuberculous or 
malignant disoas'S, they are apt to adhere to the vessel, rendering their removal difficult 
and often dangerous. The proper course to pursue in these cases is to ligature the vessel 
above and below the glandular mass, and remove the included portion with the glands. 

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the 
neck. There are no valves in the innominate veins or superior vena cava; in conse- 
quence, the systole of the right atrium causes a wave to pass up these vessels, and when 
tne conditions are favourable this wave appears as a somewhat feeble flicker over the 
internal jugular vein at the root of the neck, quite distinct from, and just preceding, the 
more forcible impulse transmitted from the underlying common carotid artery and due to 
the ventricular systole. This atrial aj^stolic venous impulse is much increased in*condi- 
tions in which the right atrium is abnormally distended with blood or is hypertrophied, 
as is often the case in disease of the bicuspid valve. Tn the Adam-Stokes* syndrom(} 
tp. oG5) it is this pulsation which gives evidence of the fact that the atria are heating 
faster — often two or three times faster — than the ventricles. 

The vertebral vein is formed in the snboccipital triangle, from nninerous 
small tributaries which spring from the internal vertebral venous plexuses and 
issue from the vertebral canal above the posterior arch of the atlas. They 
unite with small veins from the deep muscles at the upper part of the back of 
the nock, and form a vessel which enters the foramen in the transverse process 
of the atlas, and descends, forming a dense plexus around the vertebral artery, 
in the canal formed by the foramina transvorsaria of the cervical vertebroe. 
This plexus ends in the vertebral vein, which emerges from the foramen trans- 
vcr.stxrium of the sixth c.ervical vertebra, and opens into the upper and posterior 
part of the innominate vein, the opening being guarded by a pair of valves. 
On the right side, it crosses the first part of the subclavian artery. 

Tributaries. — The vertebr/il vein commiimcates with the transverse sinus of 
the skull by a vein which passes through the condyloid canal, when that canal exists. 
It receives branches from the occipital vein, from the prevertebral muicles, and 
from the internal and external vertebral venous plexuses. It is joined by the 
anterior vertebral and the deep cervical veins ; close to its termination it sometimes 
receives the first intercostal vein. 

The anterior vertebral vein coramenees in a plexus around the transverse pro- 
cesses of the upper cervici.1 vertebrae, descends in company with the ascending 
cervical artery between the Scalenus anterior and Longus capitis muscles, and 
opens into the terminal part of the vertebral vein. 

The deep cervical vein accompanies its artery between the Semispinales capitis 
and colli. It begins in the suboccipital region by communicating branches from 
the occipital vein and by small veins from the deep muscles at the back of the 
neck. It receives tributaries from the plexuses around the spinous processes of 
the cervical vertebrsn, and passes forwards between the transverse process of the 
seventh cervical vertebra and the neck of the first rib to end in the lower part of 
the vertebral vein. 


Diploic Veins (fig. 666) 

The diploic veins occupy channels in the diploe of the cranial bones. 

They are largo, and exhibit at irregular intervals pouch-like dilatations ; 
their walls are thin, and formed of endothelium supported by a layer of elastic 
tissue. 

I They communicate with the meningeal veins, the sinuses of the dura mater, 
'and the veins of the pericranium. They oonsist of (1) the frordal diploic vein, 
which opens into the supraorbital vein and the superior sa^ttal sinus ; (2) the 
anterior temporal diploic vein, which is confined chiefly to frontal bone, and 
pierces the great wing of the sphenoid^ bone to end in the sphenoparietal 
sinus or in the anterior deep temporal vein ; (3) the po^rior temporal diploic 
vein, which is situated in the parietal bone ; it descends to the mastoid angle 
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of the parietal bone, and joins the transverse sinus through an aperture at 
the mastoid angle of the parietal bone or through the mastoid foramen ; and 


Fig. 606. — Veins of the diplo6 as displayed by the removnl of the 
outer table of the skuII. 



(4) the occipital diploic veifij the largest of the four, which is confined to the 
occipital bone, and opens into the occipit.al vein or into the transverse sinus. 


Veins of the I^raih 

The veins of the brain possess no valves, ajul their walls, OA’iing to the 
absence of muscular tissue, are extremely thin. They pierce the arachnoid 
membrane and the inner or meningeal layer of the dura mater, and open into 
the cranial venous sinuses. They consist of two sets, cerebral and cerebellar. 

The cerebral veins ai*e divisible into external and internal groups according 
as they drain the outer surfaces or the iimer parts of the hemispheres. 

The exten^ cerebral veins are the superior, middle, and inferior. 

The superior cerebral veins, eight to twelve in number, drain the superior, lateral, 
and medial surfaces of the hemispheres, and are mainly lodged in the sulci between 
the gyri, but some run across the gyri. They open into the superior sagittal sinus ; 
the anterior veins run nearly at right angles to the sinus ; the pjosterior and larger 
veins are directed obliquely forwards, and thus open into the sinus in a direction 
more or less opposed to the current of the blood contained within it. 

The middle cerebral vein (superficial Sylvian vein) begins on the lateral surface 
of the hemisphere, and, running along the lateral cerebral fissure, ends in the 
cavernous sinus or the sphenoparietal sinus. It is connected (a) with the superior 
sagittal sinus by the great anastomotic vein of Trolard, which opens into one of the 
suprior cerebri veins ; (6) with the transverse sinus by the posterior cmastomotic 
vem^ Lahbe, which courses over the temporal lobe. 

The infoi^ cerebrei veins, of small size, drain the under surfaces of the hemi- 
spheres. ^ose on the orbital surface of the frontal lobe join the superior cerebral 
veins, and through t^hese open into the superior sagittal sinus ; those of the temporal 
lobe anastomose with the basal and middle cerebral veins, and join the cavernous 
sphenoparietal, and superior ^^teosal sinus^. 

Tba bai^ vein is formed "at. the anterior perforated substance by the union of 
^a) la sxoall anterior cet^dl cam which accompanies the anterior cerebral artery, 
(•6) the iee/p midUe cerdbtal vein (deep Sylvmn vein), which receives tributaries 
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from the iiusula and neighbouring gyri, and runs in the lower part of the lateral 
cerebral fissure^ and (c) the infetwr striate veins which leave the corpus striatum 
through the anterior perforated substance. The basal vein passes backwards 
round the cerebral peduncle, and ends in the internal cerebral vein (vein of Galen) ; 
it receives tributaries from the interpeduncular fossa, the inferior horn of the lateral 
ivontrcle, the hippocampal gyrus, and the mid-brain. 

The intemal cerebral veins (veins of Galen), two in number, drain the deep 
parts of thehemisphere ; each is formed near the interventricular foramen by the 
union of the termiml and chorioul veins. They run backwards parallel with one 
another, between the layers of the tela chorioidea of the third ventricle, and beneath 
tlie splenium of the corpus callosum, where tbej^ unite to form a short trunk, the 
great cerebral vein ; just before their union each receives the corresponding basal 
vein. 

The tenninal vein (vena corporis striati) runs in the groove between the corpus 
striatum and thalamus, receives numerous veins from both of these structures, 
and unites behind tlie cnis fornicis with the chorioid vein, to form one of the internal 
cerebral veins. The chorioid vein runs along the whole length of the chorioid 
plexus, and receives veins from the hippocampus, the fornix, and the corpus 
callosum. 

The great cerebral vein (vena magna Galeni), formed bv the union of the two 
internal cerebral veins, is a short median trunk wliich curves backwards and upwards 
around the splenium of the corpus callosum and ends in the anterior extremity 
of the straight sinus. 

The cerebellar veins arc placed on the surface of the cerebellum, and 
consist of two sets, superior and inferior. The superior cerebellar veins pass 
partly forwards and mcdialwards, across the superior vermis, to end in the 
straight sinus and the internal cerebral veins, partly lateralwards to the trans- 
verse and superior petrosal sinuses. The inferior cerebellar veins, of largo 
size, Olid in tlio traiisvcrst', superior petrosal, and occipital sinuses. 

/ 

VicNors 81KUSK.S OF THE Dvrx AIatkk 

The sinuse^ of the dur.c mater are venous channels which drain the blood 
from tho brain ; they are situated between the two layers of the dura mater 
and are lined by endothelium continuous mth that which linas the veins ; 
they contain no valves and their walls are devoid of muscular tissue. They 
may be divided into two gj-onos: (1; a postorosuperior, at the upper and 
posterior part of the skull, and an untero- inferior, at the base of the skull. 

Postcrosuperioi' group : 

Superior sagittal. Straight. 

Inferior sagittal. Two transverse. 

Occipital. 

The superior sagittal sinus (superior longitudinal sinual (figs. 667, 688) 
occupies the attached or convex margin of the falx cerebri. {(Commencing at 
the foramen csocum, through which it receive;? a vein from th^ nasal cavity, it 
runs backwards, grooving the inner surface of the frontal bone, the adjacent 
margins of the two parietal bones, and the superior division of the cruciate 
eminence of tho occipital bone ; near tho internal occipital pr&tuberance ^it 
devia^ to one or other side (usually the right), and is continued as the corre- 
sponding transverse sinus It is triangular in section, and gradually increases 
in size as it passes backwards. On its inner surface are the opoipngs of the 
superior cerebral veins, and numerous fibrous bands which 

cross the inferior angle of the sinus ; the sinus also communicates through small 
openings mth irregularly-shaped venous lacunce in tho dura Abater near the 
sinus. There are usually three venous lacunae on either side of the sinus : ■ 
a small frCntal, a large parietal, and an occipital which is intermediate in size 
between the other two (Sargent *). Many of the cerebtal veins from the lateral 
surface of the hemisphere open into these lacunas," and u unri erouB jra^-bnoidoftl 
granulations (Pacohionian bodies) project into them ftom below, ^he superior 

♦ Journal of Analomig and Fhgsiologg, vol. xlv. 
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sagittal sinus receives the superior cerebral veins, veins from the diploe and 
dura mater, and, near the posterior extremity of the sapttal suture, veins from 
the pericranium, which pass through the parietal foramina.^ 

Applied Anatomy , — The mimeroua communications which take place between this 
sinus and the veins of the nose, scalp, and diploe, cause it to be at times the seat of 
infective thrombosis from suppurative processes in these parts. 

The inferior sagittal sinus (inferior longitudinal sinus) (tig. 668) is con- 
tained in the posterior half or two-thirds of the free margin of the falx cerebri. 
It ipereases in size as it passes backwards, and onds in the straight sinus. It 


Fig. 667, — Superior sagittal sinus laid open after removal of the skull-cai>. Tho 
chordaj Willisii and venous laounsc are clearly seen; from two of the lacunie 
probes are ])ass(‘d into tho sinus. (Poirier and Chavpy.) 



receives several veins from tho falx cerebri, and occasionally a few from the 
medial surfaces of tho hemispheres. 

The straight sinus (figs. 668, 669) is situated at the line of junction of the 
falx cerebri with the tentorium cerebelli. It is triangular in section, and 
runs backwards and downwards from the end of the inferior sagittal sinus 
to the transverse sinus of the side opposite to that into which the superior 
sagittal sinuB is prolonged. Its terminal part communicates by a cross branch 
with the confluence of the sinuses. Besides the inferior sagittal sinus, it receives 
the great cerebral vein (vena magna Galeni) and some of the superior cerebellar 
veins. A few transverse bands cross its interior. 

The transverse sinuses (lateral sinuses) (figs. 669, 670) are of largo size, 
and be^ at the intonvd occipital protuberance ; one, generally the right, 
being the direct continit '^ion .of tho superior sagittal sinus, the other of the 
straight sinus. Each trWsverse sinus passes lateralwards and foru^ards, 
describing a slight curve with its convexity upwards, to the base of the petrous 
portion of the temporal bone and lies, in this part of its course, in the attached 
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margin of the tentorhim cerebelli ; it then leaves the tentorium and curves 
downwards and medialwards to reach the posterior part of the jugular foramen, 
through which it passes, and ends in the internal jugular vein. It rests succes- 
sively upon the squama of the occipital bone, the mastoid angle of the parietal 
bone, the mastoid part of the temporal bone, and the jugular process of * the 
oc(iipital bone ; the portion which occupies the’ groove on the mastoid part 
of the tompo^l bone is sometimes termed the sigmoid sinus. The transverse 
sinuses are frequently of unequal size, that formed by the superior sagittal 


Fk;. 6158. — Dura rnatcr and its processes, exposed by removing part of the right 
half of the skull, and the brain. 



Oreat cerebral vei,/ 

^'^^«»ovh,ir}nujeal 
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sinus being the larger ; they increase in size as they proceed from 
forwards. On transverse section the horizontal portion of the sinus exMbits 
a prismatic, the curved portion a semicylindrical, form. They comQiunioate 
with the veins of the pericranium by moans of the mastoid and condy loid 
emissary veins, end receive the superior petrosal sinuses, some infetidlr oerwxal, 
inferior cerebellar and diploic veins. The petroaquaiwm Mnits, when piesehtV 
runs backwards along the junction of tho squama and petrous portion of the 
temporal bone, and opens into the transverse sinus.. 

The occipital sinus (hg. B70), the smallest of the cranial sinuses, is situated 
in the attached margin of tho falx cerebelli, and is generally mn gie oooa- 
sionally there are two. Tt commences around tJin (jf 

mamum by several small venous channels, one the 

of transvme sinus ; it oommunioates with thaSjj ^arti^ 
venous plexuses, and ends in the coidluenoe of tha 
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The confitimee of the sinmee^ or Her oaohiLL is the tern applied to 

the superior sagpttarBiiius. . Itis^lodged oil. one side 

(generally the right) 9l..the. mtemal occipital protuberance, and from it the 
tranyerse sinus of the same side is derived. It receives also the blood from 
the occipital sinus, and is connected by a c^hannel with the commencement of 
the opposite transverse sinus. 





Gonfivence of thf> sinuses 


2. Antero-inferior group^i 

Two cavernous. 

Two intercavernous. 


Two superior petrosal. 
Two interior petrosaL 


Basilar plexus. 


The cavernous sinuses (figs. 670, 67 f) are so named because they present 
a relinidateifltrn^ due to their being traversed by numerous interlacing 
They are of irregular form, larger behind than in front, and are 
placed one on either side of the body of the sphenoidal bone, extending irom 
tbo superior, orbital fissure to the apex of the petrous portion, of the temporal 
bone": they, open behind into the petrostd sinuses. On the medial wall of each 
Sm^is'^the interhal carotid artery, accompanied by filaments of the carotid 
pldxus ; near the artery is the abducent nerve ; on the lateral wall arc the 
ocidomotor.and trochlear nerves, and the ophthalmic and maxillary divisions of 
the trigeminal nerve (fig. 671). These structures are separated from the blood 
in the sinus by the lihing membrane of the sinus. 

^The cavmmus sinua receives the superior ophthalmic vein, and a branch 
from the inferior ophtl^'jj^ vein, through the superior orbital fissure, some 
of the inferior cerelbal;’^^} and also the sphenoparietal sinus which courses 
along the under surfao^Wthe small wing of the sphenoid. It communicates 
with the transverse sinSif by means of the superior petrosal sinus ; with the 
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internal jugular vein thi’ough the inferior petrosal sinus and a plexus of veins 
on the internal carotid artery ; with tho pterygoid venous plexus by veins 
which pass through the foramen Vesalii, foramen ovale, and foramen lacerum, 
and with the angular vein through tho superior ophthalmic vein. The two 
sinuses also communicate with each other by moans of the anterior and posterior 
intercavernous sinuses and the basilar plexus.) 

Applied Anatomy. — An arteriovonous conimunicatioii may bo established between 
the cavernous sinus and tho internal carotid artery, giving rise to a pulsating tumour 


670. — Tho sinuses at the base of the skulJ. 
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ia the orbit. Such eonmiunication may be tin.* result of a bullet wound , a stab, or a blow 
or fall sufBciently severe to cause a fracture of the baso of the skull in this situation. The 
symptoms aro sudden noise and pain in the head, followed by exophthalmos, swelling 
and congestion of the eyelids and coujunctivab, and development of a pulsating tumour 
at the margin of tho orbit, with thrill and tho oharactcristio bruit; aooompanymg t hoHo 
symptoms there may be impairment of sight, paralysis of tho iris and orbital muscles, 
and pain of varying intensity. In some coses the opposite orbit becomes aileoted by ttie 
passage of the arterial blood into the opposite sinus bx moans of the intOTOavemous 
sinuses; or the arterial blood may find its way througli the emissary veins (p. 686) into 
the pterygoid plexus, afid thence into the veins of the face. Pulsating tumours of tho 
orbit may also bo due to traumatic aneurysm dt one of the orbital arteries, and symptoms 
resembling those of pulsating tumour may be produced by the pressure of an anrary^ of 
the intomol carotid artery upon the ophthalmic veins as they enter the sinus. Lii^ture 
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oi the iutornal or conunon. carotid artery has been performed in those cases with con- 
sidorable success. 

It is now well known that caries in the upper parts of the nasal cavities and suppura- 
uon in certain of the accessory sinuses of the nose are frequently responsible for septic 
thrombosis of the cavernous sinuses, in exactly the same wav as thrombosis of the trans- 
verse sinus IS due to septic disease 
in the mastoid process. Many 
deaths from meningitis, hitherto 
unaccounted for, are in reality 
due to the spread ^of an infection 
from the ethmoidal or sphenoidal 
air-cells to the cavernous sinuses, 
and thence to the meninges. 

ophthalmic veins (fig. 

672), two in number, superior 
and inferior, are devoid of 
valves. 

The superior* ophthalmic 
vein begins at the inner angle 
of the orbit in the nasofrontal 
vein which communicates an- 
teriorly with the angular vein 
(p. 673). It runs alongside 
the ophthalmic artery, receives tributaries coirosponding to the branches 
of that vessel, passes between the two heads of the Rectus lateralis and through 
the medial part of the superior orbital fissure, and ends in the cavernous 
sinus. 

The inferior ophthalmic tmn begins in a venous network at the fore part of 
the floor and medial wall of the orbit ; it recei'/es some veins from the Rectus 
inferior, Obliquus inferior, lacrimal sac and eyelids, runs backwards in the 
lower part of the orbit and divides into two branches. One of these passes 


Fig. 671. — Oblique seciiou through the loft 
cavernous sinus. Viewed from beliind. 
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Fio. 672. — Veins of orbit. (Poirier yiij (’luirpy.) 



through, ^the inferior orbital fissui’o and joins the pterygoid venous plexus, 
while the other enters the cranium through the superior orbital fissure and 
ends in the cavernous sinus, .>!aither by a separdte opening, or more frequently 
in common with the suplilor ophthalmic vein. 

Ihe intercavernous sinuses (fig. 670) ai'e two in number, an anterior and 
a posterior, and connect the cavernous sinuses across the middle line. The 
anterior, usually the larger, passes in front of the diaphragma seU», the posterior 
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behind it, and they form with the cavernous sinuses a venous circle (circaJar 
sinm ) ; one or other intercavernous sinus is occasionally absent. 

The superior petrosal sinus (fig. 670), small and narrow, connects the 
cavernous with the transverse sinus. It runs lateralwards and backwards, from 
the posterior end of the cavernous sinus, over the trigeminal nerve, axid lies 
in the attached margin of the tentorium cerebelli and in the superior p^xrosal 
sulcus of vlib temporal bone ; it joins the transverse sinus where the latter 
curves downwards on the inner surface of the mastoid part of the temporal 
bone. It receives s<.)me cerebellar and inferior cerebral veins, and veins from 
the tympanic cavity. 

The inferior petrosal sinus (fig. 670) begins in ttfe postero-inferior part 
of the cavernous sinus, runs backwards in a groove between the petrous 
part of the temporal bone and the basilar part of the occipital bone, and, 
passing through the anterior part of 'the jugular foramen, ends in the superior 
bulb of the internal jugular vein. It receives the internal auditory veins 
and also veins from the medulla oblongata, pons, and under surface of the 
cerebellum. 

The relations of the structures transmitted through the jugular foramen are 
as follows : the inferior petrosal sinus lies medially and anteriorly with the 
meningeal branch of the ascending phar 3 mgcal artery, and is directed obliquely 
downwards and backwards ; the transverse sinus is situated at the lateral 
and posterior part of the foramen with a meningeal branch of the occipital 
artery ; between the two sinuses are the glossopharyngeal, vagus, and accessory 
nerves. These thi'ce sets of structures are divided from each other by t-wo 
processes of the dura mater. The junction of the inferior petrosal sinus with 
the internal jug iilar vein takes place on the lateral aspect of the nerves. 

The basilar plexus (fig. 670) consists of several interlacing venous channels 
between the layers of the dura mater over the basilar part of the occipital bone ; 
connects the two inferior petrosal sinuses, and communicates with the anterior 
i internal vertebral venous plexus. 

Middle meningeal veins. -Tlio middle meningeal veins accompany the branches 
of the middle meningeal arteries, but, like iho cranial blood-sinuses, they consist 
of channels in the dura mate and their walls are devoid of muscular tissue. They 
should therefore he termed the middle meningeal sinuses. 

They communicate above with the superior sagittal sinus and adjoining venous 
lacunae, and unite to form two principal trunlis, an anterior and a posterior, which 
accompany more or less closely the branches of the middle meningeal arteries in 
the grooves on the inn^r surface of the parietal bone ; sometimes they occupy 
grooves apart from the art(‘ ios.* The if mode of ending is subject to some variation. 
Tlie two trunks may leave the cranial cavity through the foramen spinosuin and 
open into the pterygoid venous plexus, qr may join to form a single vessel before 
passing through the foramen. 'Die anterior trunk may reach the pterygoid plexus 
by emerging through the foramen ovale, or it may end in the sphenoparietal sinus 
oi’ in the cavernous sinus. Besides their meningeal tributaries they receive some 
small inferior cerebral veins, and communicate with the diploic veins and with 
the middle cerebral vein. 

j. Emissary veins. -The emissary veins pass through apertures in the cranial 
wall aiul establish communications between the venous sinuses inside the skull and 
the veins external to it. Some are always present, others occasionally so. The 
principal emissary veins are the following. 1. A mastoid vein runs through the 
mastoid foramen and unites the transverse sinus with the posterior auricular ot 
occipital vein. 2. A parietal vein passes through the parietal foramen and connects 
the supenor sagittal sinus with the veins of the scalp. 3. A network of ininutc veins 
(rete canalis hypoglosai) traverses the hypoglossal canal and joins the transverse 

..r. Aiia^my and Physiology, voi. xlvi.) has pointed out that the grooves 

on the inner sunaces of the parietal bones are in reality imwessed by the middle menini^ 
amuses and not by the middle meningeal aperies, and says ‘ that, contrary to the generafbeUef 
01 surgeons, the vasenW tunnel at the pterion, (dthough it lodges arterial branches, is tvtKEoaUv 
formed (wd typically lodges a venous sinus.’ He finds that veins do not commonly passout 
01 the skull through the foramen spinosum, but €kdds that the limited number of hisdissebtiQiis 
i ft warrant any dogmatic statement. He |s inchnod to 

that the blood which is poured out in most oosoa of middle menii^al hiemorrhsge maybe derived 
from the easily torn sinuses. A similar view is expressed In Poirier and Gharpy*s ttreMse of 
Humm, Anatomy, vol. ii. part 3. p. 930. 



VEINS OF THE UPPER EXTREMITY 687 

siims mtk the yertebiral vein and deep veins of the neck. 4. An inconstant con- 
dyloid vein passes through the condyloid canal and connects the transverse sinus 
with the deep veins of the neck. 5. A network of veins (rete foraminis ovalis> 
unites the cavernous sinus with the pterygoid plexus through the foramen ovale. 
6. Two or three small veins run through the foramen lacerum and connect the 
cavernous sinus with the pterygoid plexus. 7. A vein traverses the foramen of 
Vcsalius ahd coimects the same parts. 8. An internal carotid plexus of veins 
accompanies the internal carotid artery through the carotid canal of the temporal 
bone and unites the cavernous sinus with the internal jugular vein. 9. A vein passes 
through the foramen caecum and connects the veins of the nasal cavity with the 
superior sagittal sinus. * 

* Applied Anatomy . — These emissary veins are of importance in surgery. Iiiflamma- 
torv processes commencing on the outside of the skull may travel inwards through them, 
and lead to osteophlebitis of the diploe and inflammation of the membranes of the brain. 
To this in former days was to be attributed one of the principal dangers of wounds of 
the scalp. 

By means of these emissary veins blood may be abstracted from the intracranial 
circulation — e.g. leeches applied behind the ear drain blood from the transverse sinus 
through the mastoid vein. Again, epistaxis in children may relieve severe lieadache, 
the blood which flows from the nose being* partly derived from the superior sagittal sinus 
by means of the vein passing through the foramen cajcum. 


VEINS OF THE UPPER EXTREMITY AND THORAX 

Tho veins of tho upper extremity are divided into two sots, superficial and 
deep, which anastomose frequently with each other The supei-ficial veins 
are placed beneath the skin, in the superficial fascia ; tho deep veins accompany 
the arteries. Both sets are provided with valves, which are more numerous 
in the deep than in the, superficial veins. 

Superficial Veins of IJppExt Extremity 

The superficial veins of the upper extremity are tho cephalic, basilic, and 
median antibraclual veins, and their tributaries. 

The dorsal digital veins pass along the sides of tho fingers and are joined 
to one another by oblique communicating branches. Those from the adjacent 
sides of tho fingers unite to form three dorsal metacarpal veins (fig. 673), which 
end in a dorsed venous network opposite tho middle of the metacarpus. The 
radial part of the network is joined by tho dorsal digital vein from the radial 
side of the index finger and by tho dorsal digital veins of the thumb, and is 
prolonged upwards as the cephalic vein. The ulnar part of the network receives 
the dorsal digital vein of the uhiar side of the little finger and is continued 
upwards as the basilic vein. A communicating branch frequently connects 
the dorsal venous network with tho cephalic vein about the middle of the 
‘forearm. 

The proper volar digital veins are connected to tho dorsal digital veins by 
oblique intercapitular veins which pass backwards between the heads of the 
metacarpal bones. They also drain into a venous plexus which is situated over 
the thenar and hypotfaenar eminences and across the front of tho palm. 

The cephalic vein (fi^g- 674) begins in the radial part of the dorsal venous 
network ox the hand and winds upwards round the ra^al border of tho forearm 
to its volar surface, receiving tributaries from both surfaces. Below the front 
of the elbow it gives off tho median cubital vein (median basilic vein), which 
receives a communicating branch from the deep veins of the forearm and passes 
medialwards to join the basilic vein. The cephalic vein then ascends in front 
of the elbow in the groove between the BAu:;hioradialis and the Biceps brachii. 
It firosses superficially to the musculocutaneous neive and runs upwards along 
the lateral border of theX^ceps brachii. In the upper third of the arm it passes 
between the Peotoralis major and Deltoideus, where it is accompanied by the 
ddtoid branch of the thoraoo-acromial artery. It pierces the cpracoclavicular 
fascia, orossee the axQlary artery, and ends in the axillary vein just below the 
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clavicle. Sometimes it communicates with the external jugular vein by a 
branch which ascends in front of the clavicle. 

In some cases the median cubital vein is large and carries all or most of the 
blood from the cephalic into the basilic vein, the result being that the proximal 
half of the cephalic vein is citlier absent or of small size. 

The accessory eep?uilic vein arises from a small tributary plexus on the b^k 
of the foreanir or frc^ni the ulnar side of the dorsal venous network ; it joins 


Fio. 073.- -Th« voins on the dorsum of tho hand. (Bourgery.) 



the cephalic below the elbow. In some cases it springs from the 'cephalic 
vein above the wrist and joins it again higher up. A large oblique branch 
frequently connects tho basilic and cephalic veins on the back of the lorearm. 

The basilic vein (fig. 674) begins in tho ulnar part of the dorsal venous 
network of the hand. It runs up for some distance on the posterior surface of 
the ulnar side of the forearm but inclines forward to the anterior surface below 
the elbow. It is joined by the median cubital vein, and ascends obliquely 
in the gjfoov'e between the Biceps brachii and Pronator teres ; filaments of 
the me^al antibrachial cutaneous nerve pass both in front of and behind this 
portion of the vein. It then runs upwards along the medial border of the 
Biceps brachii, perforates the deep fascia a little below the middle of the arm, 
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and» amending on the medial side of the brachial artery to the lower border 
of the Teres major, is continued onwards as the axillary vein. 

The median antibrachial vein drains the venous plexus on the volar 
auiface of the hand. It 


ascends on the front of the 
forearm and ends in the 
badlio or median cubital vein ; 
in a small proportion of cases 
it divides below the elbow 
into two branches, one of 
which joins the basilic, the 
other the cephalic. 

Applied Anatomy. — Venescc- 
lion is generally performed at the 
bend of the elbow, and as a 
matter of practice the largest vein 
in this situation, the median cubi- 
tal (median basilic), is commonly 
selected. The advantages of 
selecting, this vein are, that in 
addition to its being the largest 
vessel and therefore yielding a 
greater supply of blood, it is the 
least movable and can be easily 
steadied on the lacertus hbrosus 
(bicipital fascia) on which it 
rests. The disadvantage is, that 
it is in close relationship with the 
brachial artery, separated only 
by the lacertus fibres us ; formerly, 
when venesection was frequently 
practised, arteriovenous aneu- 
rysm was no uncommon result. 

Intravenous infusion of normal 
snlino solution is frequently re- 
quired in inoderp surgery for 
conditions of severe shock and 
after profuse hoemorrhages, ami 
lias superseded the older method 
of transfusion of blood. The 
patient’s arm is surrounded by 
a tight bandage so as to impede 
the venous return, and a small 
incision is mado over the largest 
vein visible in front of the elbow ; 
a double ligature is now passed 
.around the vein, and the lower 
bne is tied; the vein is then 
opened and a cannula, connected 
with a funnel by tubing, is in- 
serted. The bandage is next 
removed from the arm, and two, 
three, or more pints of hot saline 
solution are allowed to flow into 
the vein ; when a sufiQcient quan- 
tity has gone in, the upper liga- 
turp round the vein is tied and a 
atimh put in the skin wound. 


Dbibf Vbihs ox Upper 
Extremity 

deep veins foliiw 
the course of the arteries, 
and foiiiik their venm oonri- 
tahtea. They ere generally 
^ ip pairs, and are 


Fia. 674. — The superficial veins ol the upper 
extremity. 
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situated one on either side of the corresponding artery, and connected at 
intervals by short transverse branches. 

Deep veins of the hand. — ^The superficial and deep volar arterial arches 
are eac*h accompanied by a pair of venae comitantes which constitute respro- 
tively the superficial and deep volar veruma arches, and receive the veins 
corresponding to the branches of the arterial arches ; thus the comfnM, velar 
digital veins, formed by the union of the proper volar digital veins, open into the 
superficial, and the volar mefacarpal veins into the deep volar venous arches. 
The deep veins accompanying the dorsal metacarpal arteries receive perforating 
branches from the volar metacarpal veins, and end in the radial veins and in 
the dorsal venous network. 

The deep veins of the forearm are the venae comitantes of the radial 
and ulnar veins and constitute respectively the upward continuations of the 
deep and superficial volar venous arches ; they unite in front of the elbow 
to form the brachial veins. The radial veins are smaller than the ulnar, and 
receive the deep veins of the dorsum of the hand. The uhiar veins receive 
tributaries from the deep volar venous arches and communicate with the 
superficial veins at the wrist ; near the elbow they receive the volar and dorsal 
interosseous veins and send a large communicating branch (profunda vein) to 
the median cubital vein. 

The brachial veins are placed one on either side of the brachial artery, 
and receive tributaries coiresponding with the branches of that artery ; near 
the lower margin of the Subscapularis, they join the axillary vein ; the medial 
one frequently joins the basilic vem. 

These deep veins have numerous anastomoses, not only with each other, 
but also with the superficial veins. 

The axillaiy vein begins at the lower border of the Teres major, as the 
continuation of the basilic vein, inoreascs in size as it ascends, and ends at 
the outer border of the first rib as the subclavian vein. Near the lower border 
of the Subscapularis it receives the brachial veins and, close to its termination, 
the cephalic vein ; its other tributaries correspond with the branchas of the 
axillary artery. It lies on the medial side of the axillary artery, which it 
partly overlaps ; between the two vessels are the medial cord of the brachial 
plexus, the ulnar and the medial anterior thoracic nerves. It is provided with 
a pair of valves opposite the lower border of the Subscapularis ; valves are 
also found at the ends of the ci phalic and subscapular veins. 


Applied Anatomy , — SiiKio Iho axillary .mn is sr*perficial to and larger than the axillary 
artery, which it overlaps, it is more liable to be Wf unded than the artevy in the operation 
of extirpation of the axillary glands, especially as these glands, when diseaseil, are apt 
to become adherent to it. When it is wounded, there is always a danger of air being 
drawn into it, and death resulting. To avoid wounding it in extirpating the axillary 
glands, it is advisable to expose the vein as soon as possible ; no sharp ciitting instruments 
should be used after the axillary cavity has been freely exposed; and care should be 
taken to use no undue force in isolating the glands (p. <51 3). Should the vein bo so 
imbedded in a malignant deposit that the latter cannot be removed without taking 
away a part of the vein, this must be done after the vessel has been ligatured above 
and below. 

The subclavian vein, the continuation of the axillary vein, extends from 
the outer border of the first rib to the sternal end of the clavicle, where it unites 
with the internal jugular vein to foim the innominate vein. It is in radiation, 
in front, with the clavicle and Subclavius ; behind and above, witl\ the sub- 
clavian artery, from which it is separated medially by the Scalenus antenor 
and the phrenic nerve. Below, it rests in a depression on the first rib and upon 
the pleura. It is usually provided with a pair of valves, which are situated 
about 2*5 cm. from its temination. 

Its tributaries are the external jugular vein, sometimes the anterior jugular 
vein, and occasionally a small branch, which ascends in front of the clavicle, from 
the cephalic vein. 

At its angle of junction with the internal jugular vein, the left subclavian vein 
receives the thoracic duct, and the right subclavian vein the right lymphatic duct. 
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Veins of the Thorax (fig. 675) 

The innominate veins are two large trunks, placed one on either side of 
the root of the neck, and formed by the union of the internal jugular and 
subclavian veins of the corresponding side ; they are devoid of valves. 

The right innominate vein, about 2*5 cm. long, begins behind the sternal 
end of the right clavicle, and, passing almost vertically downwards, joins the 
left innominate vein behind the cartilage of the first rib, close to the right 
border of the sternum, to foj*m the sux)erior vena cava. It lies in front and 
to the right of the innominate artery ; on its right side are the right phrenic 
nerve and the right pleura, which are interposed between it and the apex 
of the lung ; behind and to its left is the right vagus nerve. 

Its tributaries are the right vertebral, the right internal mammary and the 
right inferior thyreoid veins, and sometimes the first right intercostal vein. 

The left innominate vein, about 6 cm. long, begins behind the sternal 
end of the left clavicle and runs obliquely downwards and to the right behind 
the upper half of the manubrium stemi to the sternal end of the first right 
costal cartilage, where it unites with the right innominate vein to form the 
superior vena cava. It is separated from the manubrium storni by the Sterno- 
hyoideus and Sternothyrooideus, the thymus or its remains, and some loose 
areolar tissue. Behind it are the innominate, loft common carotid, and left 
subclavian arteries, together with the left vagus phrenic nerves. The 
left innominate vein may occupy a higher level, crossing the jugular notch 
and lying directly in front of the trachea. 

Its tributaries are the left vertebral, left internal mammary, left inferio:* thyreoid, 
and left superior intercostal veins, som'^times the fi»"^ loft intercostal vein and 
•occasionally some thymic and pericardial vein' 

Peculiarities . — Sometimes the innominate veins open separately into the right atrium; 
in such cases the right vein takes the ordinary course of the superior vena cava; the 
left vein — left superior vena cava, as it is then termed — which may communicate by a 
small branch with the right one, passes in front of the root of the left lung, and, turning 
to the back of the heart, ends in the right atrium. This occasional condition in the adult 
is due to the persistence of the early fcctal condition, and is the normal state of things in 
birds and some mammals. 

The internal mammary veins are vense comitantes to the lower half of the internal 
mammary artery, and receive tributaries corresponding to the branches of the 
artery. They unite to form a single trunk, which runs up on the medial side of 
the artery and ends in the corresponding innominate vein. The superior phrenic 
vein (i.e. the vein accompanying the pericardiacophrenic artery) usually opens into 
the internal mammary vein. 

The inferior th3rreoid veins, two or more in number, arise in the thyreoid gland 
in a venous network which communicates with the middle and superior thyreoid 
veins. They form a plexus in front of the trachea, behind the Sternothyreoideus. 
From this plexus a left vein descends and joins the left innominate trunk, and a 
right vein passes obliquely downwards and to the right across the innominatfj artery 
to open into the right innominate vein, at its junction with the superior vena cava ; 
frequently the right and left veins open by a common trunk in the latter situation. 
These veins receive oesophageal, tracheal, and inferior laryngeal veins, and are 
provided with valves at their terminations. 

The left superior intercostal vein receives the second and third (and sometimes 
the fourth) left intercostal veins ; it runs obliquely upwards and forwards on the 
left side of the aortic aroh between the left phrenic and vagus nerves and opens 
into the left innominate vein. It usually receives the left bronchial veins, and 
sometimes the left superior phrenic vein ; it communicates below with the accessory 
hemi&sygos vein. * 

The superior vena ca^ drains the blood from the upper half of the body. 
It measures about 7 cm. in length, is formed by the junction of the two innomi* 
nate veins, and is devoid of valves. It begins behind the cartilage of the 
right first rib close to the sternum, and, descending vertically behind the first 
and second intercostal spaces, ends in the upper part of the right atrium opposite 
the upper border of the third right costal cartilage ; the lower half of the 




Bolftikmtfi* — In froni. of the imperior vena i^ava are the ej> t^ ior yy^ T gjyft of Ihe 
^ight lung aiid pleura ^tb the perioar^ium uiteryening iDdow ; thei^ aepasata'’tt 
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from the first and second intercostal spaces, and from the second and third right 
costal cartilages ; behind it are the root of the right lung and the right vagus nerve. 
On its right side are the phrenic nerve and right pleura ; on its siie^ the com- 
mencement of the innominate artery and the ascending aorta, the latter overlapping 
it. The portion contained within the pericardium is covered, in front and laterally, 
by the serous pericardium. 

Itibutaiiei. — ^Before it pierces the pericardium, the superior vena cava receives 
the azygos vrin and several small veins from the pericardium and other contents 
of the mediastinal cavity. 

The azygos vein begins opposite the first or second lumbar vertebra, as a 
branch, pf the right ascending luuibar vein (p. 702) ; sometimes as a branch 
of the rteht rened vein, or of the inferior vena cava. It enters the thorax 
through ffie aortic hiatus in the Diaphragm, and ascends along the right side 
of the vertebral column to the fourth thoracic vertebra, where it arches forward 
over the root of the right lung, and ends in the superior vena cava, just before 
that vessel pierces the pericardium. In the aortic hiatus it lies with the 
thoracic duct on the right side of the aorta ; in the thorax it lies upon the 
intercostal arteries, on the right side of the aorta and thoracic duct, and is 
partly covered by pleura. 

Tributaries. — ^It receives the right subcostal and intercostal veins with the 
exception of the \ein from the first intercostal space ; the veins from the second, 
third and fourth intercostal spaces open by a common stem called the right superior 
intercostal vein. It also receives the hemiazygos and accessory hemiazygos veins, 
several oesophageal, mediastinal, and pericardial veins, and, near its termination, 
the light bronchial veins. A few imperfect valves are found in the azygos vein ; 
but its tributaries are provided with complete valves. 

K . The hemiazygos vein begins in the left ascending lumbar vein or in the left 
^ renal vein. It enters the thorax through the left crus of the Diaphragm, and, 
ascending on the left side of the vertebral column as high as the eighth thoracic 
vertebra, passes across the column, behind the aorta, (BSOj)hagus, and thoracic 
duct, to end in the azygos vein. It receives the lower throe intercos^ veins and 
the subcostal vein of the left side, and some oesophageal and mediastinal veins. 

The accessory hemiazygos vein descends on the left side of the vertebral 
column. It receives the veins from the fourth (or fifth) to the eighth intercostal 
spaces in 9 lusive, and sometimes the left bronchial veins. It crosses tho body 
of the seventh thoracic vertebra and joins the azygos vein. 

The intercostal veins are sometimes named the posterior intercost^ vewwf to 
distinguish them from the small anterior intercostal veins which are tributaries of 
the musculophrenic and internal mammary veins. They run alongside tlie anterior 
rami of the intercostal arteries and are eleven in number on either side. As they 
approach the vertebral column each receives a tributary corresponding with the 
posterior ramus of an intercostal artery, and returning blood from the muscles and 
skin of the back and from the vertebral venous plexases. ' 

On bath sides of the thorax the first intercostal vein ascends in front of the neck 
of the first rib and ends in the corresponding innominate or vertebral vein. 

On the right side the second, third and fourth intercostal veins unite to form 
the right superior interoostal vein, which joins the terminal part of the azygos vein. 
The veins from the intercostal spaces below the fourth open separately into the 
vena azygos. 

On the left side the second and third (and sometimes the fourth) interc^al 
veins unite to form the left superior intercostal vein (p. 691). The veins from 
the fourth (or fifth) to the eighth intercostal spaces inclusive end in the accessory 
hemiazygos vein, and the veins from the^ lower three spaces in the hemiazygos 
vein. 


Applied Anatomy. ---In obstruction of the superior vena cava, the azygw and hemi- 
azygos v^ins are one of the principal means bvwhicb the venous circulation is earned on, 
cotmeatmg as they do the superior and inferiaF venie cav®, and communicating with the 
cominan iUiu> veins by the ifc mding lumbar veins, and with many of the tributaries of 

the inferior vena cava. i j ^ 

Throl&bosis of the superior vena cava is ofteuest due to pressure exerted on the vewel 
W an aneuri^ of a tumour; it may also occur by propagation of clotting from a mm- 
db periphid veh^. If ocelusioif vessel take place slowly, a venous 

filiation may be estabKshed; the patient will have some mdema with dilation and 
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congestion o£ the veins about iho head and neck, and may also suffer from attacks of 
dyspnoea and recurrent pleural effusion. In most cases, however, the blockage of the 
superior cava takes place rapidly, and ia rapidly fatal. 

The bronchial veins* usually two on either side, return the blood from the larger 
bronchi, and from the structures at the roots of the lungs ; those of the right side 
open into Ru terminal part of the vena azygos ; those of the left side, into the 
left superior intercostal vein or the accessory hemiazygos vein. Some of the blood 
carried to the lungs through the bronchial arteries is returned to the heart through 
the pulmonary veins. 


Veins oe the VertebbaIi Column (figs. 676, 677) 

The veins whicli drain the blood from the vertebral column, the neighbouring 
muscles, and the meninges of the medulla spinalis form intricate plexuses extending 
along tlie entire length of the column ; these plexuses are divisible into two groups, 
external and internal, according to their positions outside or inside the vertebral 
canal. The plexuses of the two groups anastomose freely with each other, and 
end in the intervertebral veins. 

The external vertebral venous plexuses, best marked in the cervical region, 
consist of ajilerior and posierior plexuses which anastomose freely with each other. 

The arUerioT external 

Fic. G76. — Transverse section of a thoracic verte- 
bra, showing the vertebral vi nous plexuses. 


Posfrrin}' (xternaj jilf.xusis 
\ 


lie in front of the bodies of the 
vertebrae, communicate with the 
basivertebral and intervertebral- 
veins, an<l receive tributaries 
froiu the vertebral bodies. The 
'posterior external plexuses are 
placed partly on the posterior 
surfaces of the vertebral arches 
and their processes, and partly 
between the deep dorsal muscles. 
In the cor', ical region they 
anastomose with the vertebral, 
occipital, and deep cerrical 
veins. 

The internal vertebral venous 
plexuses lie within the vertebral 
canal between the dura mater 
and the vertebra?, and receive 
tributaries from the bones and 
from the medulla spinalis. They 
form a closer network than the 
external plexuses, and, running 
mainly in a vertical direction, 
form four longitudinal veins, two 
in front and two behind ; they therefore may be divided into anterior and 
posterior groups. The anterior internal plexuses consist of large veins which 
lie on the posterior smfaces of the vertebral bodies and intervertebral fibro- 
cartilages, on either side of the posterior longitudinal ligament ; under .cover 
of this ligament they are connected by transverse branches into which the b^- 
vcrtebral veins open, posterior internal plexuses are placed one on either 
side of the middle line in front of the vertebral arches and ligamenta flava, and 
anastomose, by veins passing through those ligaments, with the posterior eactemal 



Ilie anterior and postdiior plexuses communicate freely with one another by a 
seiies of venous rings, one opposite each vertebra. Around the foramen yn a gnuTp 
they forni an intricate network which opens into the vertebral veins and is con- 
nected above with the occipital sinus, tne basilar plexus, the condyloid emiasary 
vein, and the rete canalis h)rpogIoasi. 

basivertebral veins emerge from the foramina on the posterior surfaces 
of the vertebral ^dies. They are contained in large, tortuous channels in the 
substance ot the bones, similar in every respect to. those fouhd in the.diplb* of 
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tl^ cranial l^nes. They co mmunic ate through small openings on the front and 
sid^ of the bodi^ of the vertebras with the anterior external vertebral plexuses, 
and converge behind to form single (sometimes double) veins which open by valved 
orifices into the transverse branches uniting the anterior internal vertebral plexuses. 
Ihe basivertebral veins become 
greatly enlarged in advanced 
age. 

The intervertebral veins 
accompany the spinal nerves 
throu^ the intervertebral fora- 
mina ; they receive the veins 
from the medulla spinalis, 
drain the internal and external 
vertebral plexuses and end in 
the vertebral, intercostal, lum- 
bar, and lateral sacral veins, 
their orifices being provided with 
valves. 

The veins of the medulla 
spinalis are situated in the pia 
mater and form a tortuous, 
venous plexus. In this plexus 
there arc : (1) two median 

longitudinal veins, one in front of the anterior fissure, and the other behind the 
posterior sulcus of the medulla spinalis ; and (2) four lateral longitudinal veins 
which run behind the nerve-roots. They end in the internal vertebral venous 
plexuses. Near the base of the skull they unite to form two or three small trunks, 
which communicate with the V(*rtebral veins, and end in the infer if )r cerebellar 
veins, or in the inferior petrosal sinuses. 


Fiq. 677. — Median sagittal section of two tfioraoic 
vertebrae, showing the vertebral venous plexuses. 



VEINS OP THE LOWER EXTREMITY, ABDOJVIKN, AND PELVIS 

The veins of the lower extremity are subdivided, like those of the upper 
extremity, into two sets, superficial and deep : tho suijerficial veins are placed 
beneath tho skin in the superficial fascia ; the deep veins accompany the 
arteries. Both sets are provided with valves, which are more nuiiiorous in the 
deep than in tho superficial set. Valves are more numerous in tho veins of 
tho low^er than in those of tho upper extremity. 

\ ^ Superficial Veins of Lower Extremity 

The superficial veins of the lower extremity are' tho great and small 
saphenous veins and their tributaries. 

The dorsal digital veins receive, in tho clefts betw'oen tho toes, the inter- 
capitular veins froixv the plantar digital veins, and then join to form dorsal 
metatarsal veins^ which unite across the distal ends of tho metatarsal bones 
in a d(/rsal venom arch. Proximal to this arch is an irregular venous network 
which receives tributaries from the deep veins and is joined at the sides of 
the foot by a medial and a lateral marginal vein, formed mainly by the union 
of veins from the superficial parts of the sole of tho foot. 

On the sole of th^foot the superficial veins form a plantar cutaneous venom 
arch which extends across the roots of the toes and opens at tho sides of tho 
foot into the medial and lateral marginal veins. Proximal to this arch is a 
plantar cutaneous venom network which is especially dense in the fat beneath 
the heel ; this network communicates with the plantar cutaneous venous arch 
and with the deep veins* but is chiefly drained into the medial and lateral 
marginal veins. 

Tbe great saphenous vein (fig. 678), the longest vein in the body, begins 
in the medial marginal vein of the foot and ends in the femoral vein about 
3 cm. bdow the inguinal ligament. It ascends in front of the tibial malleolus 
and along the medial side of the leg in relation with the saphenous nerve. It 
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runs upwards behind the medial condyles of the tibia and femur and along the 
medial side of the thigh and, passing through the fossa ovalis, ends in the 

femoral vein. The valves in the great 
Fig. 078. — ^The great saphenous vein saphenous vein vary from ten to 

and its tributaries. twenty in number ; they are more 

^ numerous in the leg than in the thigh. 

! Tributaries. — ^At the ankle it receives 

veins from the sole of the foot through 
the medial marginal vein ; in the leg it 
communicates freely with the small 
saphenous vein and with the anterior and 
posterior tibial veins, and receives many 
cutaneous veins ; in the thigh it com- 
municates with the femoral vein and 
receives numerous tributaries ; those 
from the medial and posterior parts of 
the thigh frequently umte to form a large 
accessory saphenous vein which joins the 
main vein at a variable level. Near the 
fossa ovalis (fig. 679) it is joined by 
the superficial epigastric, supei^cial iliac 
circumflex, and superficial external 
pudendal veins. The superficial epi- 
gastric and superficial iliac circumflex 
veins drain the lower part of the abdo- 
minal wall, the latter vein also receiving 
tributaries from the upper and lateral 
parts of the thigh ; the superficial 
external pudendal vein drains part of 
the scrotum and receives the superficial 
dorsal vein of the penis, 

A vein, named the thoraco-epigfistria, 
runs along the lateral wall of the trunk, 
connecting the superficial epig^rtric with 
the lateral thoracic veins and thus estab- 
lishing an important communication 
between the femoral and axillary veins. 

TLo small saphenous vein (fig. 680} 
begins behind the lateral malleolus as 
a continuation of the lateral marginal 
vein ; it first ascends along the lateral 
margin of the tenrio calcaneus, and then 
crosses it obliquely to reach the middle 
of the back of the leg. Running up- 
wards, it perforates the deep fascia in 
the lower part of the popliteal fossa, 
and ends in the mpliteal vein, between 
the heads of the Gastrocnemius. It 
communicates with the deep veins on 
the dorsum of the foot, and receives 
numerous largo tributaries from the 
back of the leg. Before it pierces the 
deep fascia, it gi'slfk off a branch which 
runs upwards and forwards to join the 
great saphenous vein ; this branch is 
sometimes large, and may then form 
the direct continuation of the small 
saphenous vein. In the lower third of 
the leg the vein is in close relation with 
the sural nerve, in the upper two-thirds with the medial sural eutaneous 
nerve. 

The small saphenous vein possesses from nine to twdve valves, one of 
\;rhioh is found near its termination in the popliteal vein. 
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in oOTditicm is more frequently met with in the saphenous 

votes inL *1?® t«»«cular and li®morrhoidal 

blpod.pres8uro, determined chiefly by the erect 
and the lenrth of the column of blood, which has to be propelled in an uphill 
imtion. In normal vessels there is only just sufficient fcnrce to perform this task* and 

resistance of the walls of the veins, these vessels 
® vancMo condition is set up. This diminished resistance may be 
c^diHonf bemg congenitaUy weak, or may follow inflammatory 
contetio^ of the vessels, tecteased blood-pressure in the veins, caused bv anv obstacle 
^ venous blood, such as the pressure of a tumour, or the "gravid uterus 

or tight gartering, may also produce varix. In the normal condition of Sie veins, the 
valves in their interior break up the column of blood into a number of smaller columns, 

Fig. 6/9.— The great saphenous vein and its tributaries at the fossa ovalis. 



and so to a considerable extent mitigate the ill ellects oi the erect position; but wlien 
the dilatation of the veins has reached a certain limit, the valves become incapable of 
siippo^ng the overlying column of blood, and the pressure is increased, tending to cm- 
pbia^se also the varicose condition. Both the saphenous veins in the leg are accompanied 
by nerves, the greatflaphenous being joined by its companion nerve just below the 
level of the knee-joint; no doubt much of the pain of varicose veins in the leg is due 
to this fact. 

Operations for the relief of varicose veins are frequently required, portions of the veins 
being removed after having been ligatured above and below. It is important to note 
whetiier the main varicose area drains into the great or the small saphenous vein— the 
former condition being much the more common — and to control tlic venous return by 
Kunoving a smalt portion of*fctbe main trunk just before it opens into the deep vein bv 
passing through the deep fascia; thus in most cases a piece should be removed from 
the great saphenous just before it passes through the fossa ovalis (saphenous opening) 
andm addition the affected veins should be excised just above and below the level of tiie 
Imee-jbinti In other cases the small saphenous will have to be dealt .with immediately 
below the point where it pterciSs the fascial roof of the popliteal fossa. ^ 
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Deep Veins op Lower ExTBBmTy 

The deep veins of the lower extremity accompany the arteries and 
their branches ; they possess numerous valves. 

The plantar digital veins arise from plexuses on the plantar surfaces of 
the digits, an4» after sending intercapitvlar veina to join the dorsal dijgital veins, 
unite to form four plant4ir metaJtaraal veina ; these 

Fig. 680. The small backwards in the metatarsal spaces, communicate, 

saphenous vein. by means of perforating veins, with the veins on the 
dorsum of the foot, and unite to form the deep plantar 
venous arch which lies alongside the plantar arterial 
iirch. From the deep plantar venous arch the medial 
and lateral plantar veins run backwards close to the 
corresponding arteries and, after communicating with 
the great and small saphenous veins, unite behind 
the medial malleolus to form the posterior tibial veins. 

The posterior tibial veins accompany the posterior 
tibial artery, and are joined by the peronceal veins. 

The anterior tibial veins are the upward continua- 
tions of the vense comitantes of the dorsalis pedis 
artery. They leave the front of the leg by passing 
between the tibia and fibula, through the upper part of 
the -crural interosseous membrane, and unite with the 
posterior tibial veins to form the popliteal vein. 

The popliteal vein, formed by the junction of the 
anterior and posterior tibial veins at the lower border 
of the Popliteus, ascends through the popliteal fossa to 
the aperture in the Adductor magnus, where it becomes 
the femoral vein. In the lower part of its course it is 
medial to the artery ; between the heads of the Gastro- 
cnemius it is superhc'al to it ; above the knee-joint, it- 
is late al to it. Its tributaries are the small saphenous 
vein and the veins corresponding to the branches of 
the popliteal artery. There are usually four valves in 
the popliteal vein. 

The. femoral vein accompanies the femoral artery 
thr ough thv’ apper two-thirds of the thigh. In the lower 
part of its cour^L it is lateral to the artery ; higher up, 
it is behind it ; at the inguinal ligament, it is medial 
to it. It receives numerous muscular tributaries, and 
about 4 cm. below the inguinal ligament is joined by 
the vena profunda femoris; near its termination it is 
joined by the great saphenous vein. It contains three 
valves, 

Th(* rrtm profunda fnnmis lies superficial to th(i corre- 
.<?pof!diiig artery ; it receives tributaries corresponding to 
the nuisoular and perforating branches of the arteria pro- 
funda. fc‘inoris, and through these establishes communications with the popliteal 
vein below and the inferior gluta'al vein above. It also receives the medial and 
lateral femoral cimiinfiex veins. 


Veins of Aboomen and Peuvis (fig. 681) 

The external iliac vein,^ the upward continuation of the femoral vein, 
begins behind the inguinal ligament, and ascends along the brim of the lesser 
pelvis, to a point opposite the sacro-iliao articulation, where it unites with 
the hypogastric vein to form the common iliac vein. On the right side, it lies 
at lii^ medial to the artery ; but, as it passes upwards, gradually inclines 
behind it. On the left side, it lies altogether on the medial side of the artery. 
It frequently contains ono,^ wm^times tw^o, valves. 

Mbnteries.— It receives the inferior epigastric, dwp iUac 
pgMp veins, > 
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intoior eitouittic vein is formed b)r the union of the vente comitantes of the 
inferior ep^astric artery, which communicate above with the superior epigastric 
vein ; it joins the esrtemal iliac vein about 1'26 cm. above the inguinal ligament. 

The deep Siac dieunflez vein is formed by the union of the ven® comitantes 
of the deep iliac circumflex artery, and joins the external iliac vein about 2 cm 
above the inguinal ligament. 


Fig. 681 . — The veins of the right half of tho male pelvis. (Spaltcholz.) 
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The paUc vein communicates with the obturator vein in the obturator foramen, 
ascends on the hack of the os pubis alongside the pubic branch of the inferior epi- 
gastric artery and ends in the external iliac vein. 

Tho hypogastric or internal iliac vein begins near the upper part of 
tho greater sciatic foramen, ascends behind and slightly medial to the hypo- 
gastric artery, and, at the brim of the pelvis, joins with the external iliac vein 
to form the common iliac vein. 

IribntaiieSv— With Ihestexoeptiou of the foetal umbilical vein, which passes 
upwards and backwards from the umbilicus to the liver, and the iliolumbar vein, 
which usually joins the common iliac vein, the tributaries of the hypogastric vein 
correspond with the branches of the hypogastric artery. It receives (a) the ^utseal, 
internal pudendal, and obturator veins, which have their origins outside the pelvis ; 
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{h) the lateral sacral veins, which lie in front of the saerum ; and (o) the middle 
hsemorrhoidal, the vesical, uterine, and vaginal vfuns, which originate in venous 
plexuses connected with the pelvic viscera,, 

1. The superior glutseal veins (glutseal veins) are the ven» comitantea of the 
superior glutseal artery ; they receive tributaries from the buttock corresponding 
with the branches of the artery, enter the pelvis through the greater sciatic foramen, 
above the Pirifostnis, and end in the hypogastric vein ; they ftequently unite to 
form a single trunk before ending in this vein. 

2. The inferior glutseal veins (sciatic veins) are the venae comitantes of the inferior 
glutasal artery ; they begin on the upper part of the baek of the thigh, where they 
anastomose with the medial femoral circumflex and first perforating veins ; they 
enter the pelvis through the lower part of the greater sciatic foramen and join to 
form a stem which opens into the lower part of the hypogastric vein. 

3. The internal pudendal veins (internal pudic veins) are the venas comitantes 
of the internal pudendal artery. They begin in the deep veins of the penis, winch 
issue from the corpus cavernosum penis, accompany the internal pudendal artery, 
and unite to form a single vessel, which ends in the hypogastric vein. They receive 
the veins from the urethral bulb, and the perinaeal apd i^erior haemoirhoidal veins. 
The deep dorsal vein of the penis communicates with the internal pudendal veins, 
but ends mainly in the pudendal plexus. 

4. The obturator vein begins in the upper portion of the adductor region of 
the thigh and enters the pelvis through the upper part of the obturator foramen. 
It runs backwards and upwards on the lateral wml of the pelvis below the obturator 
artery, passes between the ureter and the hTOogastric artery, and ends in the 
hypogastric vein. Sometimes it is replaced by an enlarged pubic vein (p. 699) 
which joins the external iliac vein. 

5. The lateral sacral veins accompany the lateral sacral arteries and end in the 
h 3 TX)gastric vein. 

6. The middle haemorrhoidal vein varies in size ; it begins in the hsamorrhoidal 
plexus and receives tributaries from the bladder, prostate, and seminal vesicle ; 
it runs lateralwards on the pelvic surface of the Levator am and ends in the hypo- 
gastric vein. 

The hxmorrhoidal plexus surrounds the. rectum, and communicates in 
front with the vesical plexus in the male, and the uterovaginal plexus in thd 
female. It consists of two parts, an interruil in the submucosa, and an external 
outside the muscular coat of the rectum. The internal plexus presents a series 
of dilated pouches which are arranged in a circle around the tube, immediately 
above the anal orifice, and are connected by transverse branches ; it drains 
mainly into the superior ha3moiThoidal vein. 

The lower part of the external plexus is drained by the inferior hsQmor- 
rhoidal veins into the internal pudoiidal vein ; the mi^e part by the middle 
hsemorrhoidal vein into the hypogastric vein ; and the upper part by the 
superior hsemorrhoidal vein which forms the commencement of the inferior 
mesenteric vein, a tributary of the portal vein. A free communication boWeen 
the portal and systemic venous systems is established through the hasmorrhoidal 
plexus. 

The pudendal plexus lies behind the arcuate pubic ligament and the 
lower part of the symphysis pubis, and in front of the bladder and prostate. 
Its chief tributary is the deep dorsal vein of the penis, but it also receives 
branches from the front of the bladder and prostate. It communicates ydth 
the vesical plexus and with the internal pudendal vein, and drains irjjo the 
vesical aiid h^ogastric veins. prostatic veiihs form a well-marked prostatic 
plexus which lies partly in the fascial sheath of the prostate and partlj^ between 
the sheath and the prostatic capsule. It communicates with the pudendal 
and vesical plexuses. ^ 

The vesical plexus envetops the lower part of the bladdeor and.the base of 
the prostate ana communicates with the pudendal and prostaric plexuses. 
It is drained, by means of several vesical veins, into the hypogastric vein^. 

Applied Anatomy , — The vems of the b'lSmorrhhidal plexus are apVio.beeomd 4^ 
and varicose, and form piles. This is due tosevez^ i^tomical reasons' : 
contained in very loose, connective tissue, so that they get less support from ffurrbun^hg 
structures than most other veins, and are less capable of resisting inomia^ blood- 
pressure; the condition is favoured by gravitation, being influenced by the erectpdstqire^ < 
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. ei^er Sluing pr stondiagt by the fact that the superior hicinorrhoidal and portal 
veins have no valves; the veins pass through muscular tissue and are liable to bo com. 
piressed by its contraction, especially during the act* of defeecation ; they are affected by 
eve^ form or portal obstruction. 

The prostatiO' plexus of veins is apt to become congested in inflammatory conditions 
in the neighbourhood, such as acute gonorrhoeal prostatitis. It is owing to the free 
o<wniupication which exists between this and tho middle hemorrhoidal plexus that great 
rejief can he given by free saline purgation. 

Hemorrhage may be very free from the prostatic plexus after operations on that gland, 
but can usually be checked by hot fluid irrigation. Septic thrombosis sometimes occurs 
after operations, and infected emboli may find their way into tho general circulation. 

The 'doraal veins of the penis are two in number, a superficial and a deep. The 
superf^Ml^sd vein drains the prepuce and skin of the penis, and, running back- 
wards in the subcutaneous tissue, inclines to the right or left, and opens into the 
corresponding suj^rficial external pudendal vein, a tributary of the great saphenous 
v^in. The deep wyrsdl vein lies within the fibrous envelope of the penis ; it receives 
blood from the glans penis and corpora cavernosa penis, and courses backwards 
in the middle line between the dorsal arteries ; near the root of the penis it passes 
between the two parts of the suspensory ligament and then through an apert.ure 
between the arcuate pubic ligament and the transverse ligament of the pelvis, and 
divides into two branches, which enter the pudendal plexus. It also communicates 
below the symphysis pubis with the internal pudendal vein. 

The uterine plexuses lie along the sides and superior Itngles of the uterus 
between the two layers of the broad ligament, and communicate with tho 
ovarian and vaginaJ plexuses. They are drained by a pair of uterine veins 
on either side ; these arise from the lower parts of the plexuses, opposite the 
external orifice of tho uterus, and open into the corresponding hypogastric 
vein. 

The vaginal plexuses are placed at tho sides of the vagina ; they com- 
municate with the uterine, vesical, and hmmorrhoidal plexuses, and are drained 
by the vaginal veins, one on either side, into the hypogastric veins. 

The common iliac veins are formed by the union of the external iliac 
and hypogastric veins, in front of the sacro-iliac articulation; passing 
obliquely upwards they end on the right side of the fifth lumbar vertebra by 
uniting with each other at an acute angle to form the inferior vena cava. The 
right common iliac vein, shorter than the left, is nearly vertical in its direction, 
and ascends behind, and then lateral to its artciy. Tho left common iliac vein, 
longer and more oblique than the right, is at first situated on tho medial side 
of its artery, and then behind the right common iliac artery. Each common 
iliac vein receives the iliolumbar, and sometimes the lateral sacral veins ; 
the Jteft vein receives the middle sacral vein. There are no valves in these 
veins. 

¥be middle sacral veins accompany the corresponding artery along the front of 
the sacrum, and join to form a single vein, which usually ends in the left common 
iliac vein, but sometimes in the an^e of junction of the two common iliac veins. 

PeculiaritieB . — The left comn|0n iliac vein, instead of joining with tho right in iis» 
usual position, occasionally ascends on the left side of the aorta as high as the kidney, 
where, after receiving the'left renal vein, it crosses the aorta, and joins tljo r»gbt vein 
to form the vena cava. In these cases, the two romnioii iliac veins arc connected by a 
small communicating branch at the. spot where they are usually united. 

jl^The inferior vena cava (fig. 675) conveys the blood from the parts below' 
me ^ajphragm to the heart. It is formed by the junction of tho two common 
iliac Vems, on the right side of th e fifth lumbar vertebra. It ascends in front 
of ^6 vertebral column^ on the nght side”of tho aorta, and, having reached 
the liver, is contained in a deep groove on its posterior surface. It then per- 
forates the. !l^phragm botween;^the median and right portions of its central 
^don ; it subs^uently inol^ee7orwards and medialwards for about 2*5 cm., 
andf.pij^hig the fibrous |>'^iioardium, passes behind the serous pericardium ta 
ppe^ nktS the lower^and pc^terior jart qfihe right atrium. In front of its atrial 
orifice'"^, a semihknat valve, tatpaed the mfoe of Upe inferior v^na cam 
(fihstaohi^ valve ) ; ^his valve is rudimentary in the adult, but is of krjge 
and an im^o^ritaut fouetion in the lostus (p. 566). 
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Belations. — The (Moniiml portion o f the inferior vena cava is in relation in 
front, from below upward, with the right common iliac arterjr, the lower part of 
the "mesentery and its vessels, the right testicular artery, the inferior part of the 
duodenum, the head of the pancreas, the epiploic foramen, the common bile-duct, the 
portal vein, the hepatic artery, and the posterior surface Sof the liver; the last 
partly overlapa;^nd occasionally completely surrounds it ; behind, with the vertebral 
column, the right Fjsoas major, tbe^ right crus of the Diaphragm, the right inferior 
phrenic, suprarenal, renal and lumbar arteries, right sympathetic trunk and ri^ht 
cooliac ganglion, and the medial part of the right suprarenal gland ; on the right side, 
with the right kidney and ureter ; on the left side, with the aorta, right crus of the 
Diaphragm, and the caudate lobe of the liver. 

The thoracic portion is only about 2*5 cm. in length, and is situated, partly inside 
and partly outside the jiericardial sac. The extrapericardial part is separated from 
the right pleura and lung by a fibrous band, named the rigid phrenicopericardiac 
ligament. This ligamcint, often feebly marked, is attached below to the margin of 
the vena-caval opening in the Diaphragm and above to the pericardium in front 
of the root of t he right lung. The intraperica/rdiac pa/rt is very short and is covered 
anterolatorally by the serous layer of the pericardium. 


PeculiariHes. — This vossel is sometinioa placet! on the left side of the aorta, as high as 
the left renal vein, and, after receiving this vein, crosses over to its usual position on the 
right side; or it may be placed altogether on the lolt side of the aorta, and in such 
a case the abdominal and the thoracic viscera, together with the great vessels, are all 
transposed. Occasionally it joins the s vein, which is then of largo size. In such 
cases, the superior viaia cava receives t' whole of tin blood from the body, except that 
from the Iiepatic voiTis, Avhieh pa ^es directly .ato the. right atrium. 

Applied Anatomy, — Tlirornbowi't' oi tin ir^'‘rio»* v’ena cava is due to much the same, 
causes as that o^ the superior fp. 003) s usually causes oedema of the logs and back, 
without ascites; if Mi. renal veins aic invoi.^ed, blood and albumin will often appear in 
the urine. An extensive collateral venou.s circulation is soon established by enlargement 
either of tlie superficial or of the deep vein*^, or of both. In the first case the epigastric, 
the iliac, circumflex, the lateral thoracic, the intemal mammary, the intercostals, the 
external pudendal, and the li»’ bovortcbr'l anastomotic veins of Braune effect the 
communication with the superior cava; in the second, the deep anastomosis is made by 
the azygos and hemiazygos .and the lumbar veins.* 

Tributanes.— Tn addition to the two «.*»^'ninon iliac veins the inferior vena 
cava receives the following veins . 

Lumbar. Renal. Right inferior phrenic. 

Right testicular or ovarian. Right suprarenal. Hepatic. 

The lumbar veins, four in number on either side, collect the blood by dorsal 
tributaries from the muscles and skin of the loins, and by abdominal tributaries 
from the w'alls of the abdomen, where they communicate with the epigastric 
veins. At the vertebral column, they receive veins from the vertebral plexuses, 
and then pass forwards on the sides of the bodies of the vertebra), beneath 
the Psoas major, and end in the posterior part- of the inferior vena cava. The 
left lumbar veins are longer than the right, and run behind the aorta. The 
lumbar veins are connect^ together by a longitudinal vein which passes in 
front of the transverse processes of the lumbar vertebrae, and is called the 
ascending lumbar vein ; it forms the most frequent origin of the corresponding 
azygos or hemiazygos vein, and serves to connect the common iliac, iliolumbar, 
and azygos or hemiazygos veins of its own side of the body. 

The testicular veins (spermatic veins) emerge from the back of the testis, 
and receive tributaries from the epididymis ; they unite and form a convoluted 
plexus, callod the pampiniform plexus which constitutes the grater mass of the 
dermatic cord and ascends along the cord, in front of the ductus deferens. 
Below the subcutaneous inguinal ring the veins of the plexus unite to form 
three or four veins, which p^ along the inguinal canal, and, entering &e 
abdomen through the abdominal inguinal ring, coalesoe to form tw^oiyeiiis, . 
which run upwards in front of the Psoas major and the ureter, behiibicl the 
peritoneum, lying one on either side of the testicular artery. These t^o Veins 

* G. Blumer, in Oster and McCrae’s liydem of Medicine^ London, 1908, yol. iv. 
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join to form a single vein, which opens on the right side into the inferior vena 
cava at an acute angle ; oh the left side into the left renal vein at a right angle. 
Xhe J^tioidar yetos luro \alves>* The left vein passes behind 

the iliac pai% 61 the desoending colon and the lower margin of the pancreas, 
the right behind the terminal part of the iHum and the inferior part of the 
duodenum. 

Applied Anatomy, — The testicular veins are very frequently varicose, constituting tluj 
condition Imovm as varicocele. Though it is quite possible that the originating cause of 
this affection may be a congenital weakness of the walls of the veins of tho pampinifovni 
plexus, it must be admitted that there are anatomical reasons why those veins should 
become varicose : viz. the imperfect support afforded to them by the loose tissue of 
the scrotum; their great length; their vertical course; their dependent position; thcii' 
ploxifdrm arrangement in the scrotum, with their termination in one small vein in the 
abdomen ; their^ few and iinperfee.t valves ; and tho fact that they may be .subjected to 
pressure in their passage through the abdominal wall. Varicocele almost invariably 
occurs on the left side, and this lias been accounted for by the facts that the left testicular 
vein joins the left renal at a right angle; that it is overlaid by the iliac part of the 
descending colon, and that when this portion of the gut is full of fiec.al matter, in cases 
of constipation, ite weight impedes the return of the venous blood; and finally that the 
left testicular veins are somewhat longer than the right. 

The operation for the removal of a varicocele consists in making a small incision just 
over the subcutaneous inguinal ring; the cord is lifted out and the spermatic ia.scia* 
incised; the plexus of veins is then isolated from the ductus deferens and ligatured above 
and below, as high and as low as 'Possible, and the intermediate portion cut away: Mu* 
divided ends are fixed together with a suture, and the skin wound closed. The venous 
return is subsequently carri<^i out by the small veins of tho, ductus deferens, of the 
Cremaster and tnose connecting with the s^'rotal tissjes. In removing a varicoceh' tho 
testicular artery is generally removed at the .same 

The ovarian veins in the female correspond ^ Ith the testicular veins in the 
male ; each forms a plexus between th j lay 3rs of the brc'au ligaihcnt near the 
ovary and uterine tube, and communi'^atos vnth the uterine plexus. Two veins 
issue from this plexus and ascend iii f>f tljo external iliac artery, one 

lying on either side of the ovarian Thcdr further course and their 

mode of termination are tho same as tdcse of the testicular veins. Valves 
' are occasionally foimd in the ovarian ^"eins. Like tho uterine veins, they 
become much enlarged during j)regnancy. 

The renal veins are of large size, and ai*e placed in front of the renal arteries. 
The left is thrice the length of tho right (7*5 cm. to 2*5 cm.), and i^asses in front 
of the aorta, just below the origin of the sup rior mesenteric artery. It receives 
the left testicular (or ovarian) and one of the left inferior phrenic veins, and, 
generally, the left suprarenal vein. It opens into the inferior vena cava at 
a slightly higher level than the right. 

The suprarenal veins are two in number : tho right ends in tho inferior 
vena cava ; tho left usually in the left renal. 

The. inferior phrenic veins follow the course of tho inferior phrenic 
arteries on the Diaphragm ; the right ends in the inferior vena cava ; the 
Irft is often represented by two branches, one of which ends in the left renal 
or suprarenal vein, while the o^er passes in front of tho oesophageal hiatus 
in the Ifiaphragm and opens mtb the inferior vena cava. 

The hepatic veins drain tho liver, and commence in tho intralobular veins 
which receive the blood from the sinusoids of the liver lobules. Tho intra- 
lobular veins open into the suhlobular veins, and these in turn unite to form 
the hepatic veins which open into that portion of the inferior vena cava which 
Hes in the groove on the posterior surface of the liver. The hepatic veins 
are arrangea in two groups, upper and lower. The upper group usually consists 
of three Erge veins ; those oi the lower group vary in number, arc" of small 
size and come from the right and caudate lobes. The hepatic veins are in 
dmet contact with the hepatic tissue and are destitute of valves, 

* RiriDgt^ has pointed ou# that valves ore usually foun^ at tho orifices of both the right 
and left veins. Wheo^ however, valves are not found at the opening of tho left vein 

the IsSrt renal vein, they ore generally present in tho left renal vein within 0 mm. from the 
orifice of the testicular vein.‘>**fcufncd of AnaUmg and Physiology, vol. vii. p. 163. 
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PoxtTAXi SirsTBM OF Vstos (fig. 682 ) 

The portal system moludes all the veins Tirhioh dr^ the blood the 
abdominal part of the digestive tube (with the exception of the lower part 
of the reotum) and from the spleen, pancreas, and gall bladder* From tmse 
viscera the hl90d is conveyed to the liver by the portal vein* In the liver this 
vein ramifies like ar artery and ends in capillary-like vessels termed sinnsoidt, 
from which the blood is conveyed to tl ihfeiior vena cava by the hepatic 


I’ic. 682. — Portal vein and itr- cributarios. 
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(splenic) veins, the union of these veins taking place in front of the inferior 
vena cava and behind the neck of the pluicreas. It passes upwards behind 
the superior part of the duodenum, and then ascends in the right border of the 
lessor omentum to the right extremity of the porta hopat^s (transverse fissure 
of the liver), where it divides into a r^qlit and a left branch, which accompany 
the corresponding branches of the L ^jatic artery into the substance of the 
liver. In the lesser omentum it is placed behind and between the common 
bUe duct and the hepatic artery, the former lying to the right o£ the latter ; 
it is surrounded by the hepatic plexus of nerve^s, and is aocomj)aniod b}" numerous 
lymphatic vessels and some lymph-glands. The rir’* branch of the portal 
vein enters the right lobe of the liver, but before don ^ so generally receives 
the cystic vein. The left branch, longer but of lallcr calibre tlian the right, 
crosses the left sagittal fossa (longitudinal fissure,. ,ivcs branches to the caudate 
lobe, "and then enters the left lobe of the liver. A'* crosses the left sagittal 
fossa it is joined in front by a fibrous cord, the .mtnm teres or obliterated 

umbilical vein^ and is united to the inferior ver ‘^a by a second fibrous 

cord, the ligamentum venosiim- or obliterated ductus vt,^*fsas. 

The tributaries of the porta, vein are : 

1. Lienal (vSi)lcnic). 4. Right gastric. 

2. Superior mesenteric. 5. Cystic. 

3. Coronary. <). Parumbilical. 

1. The lienal or splenic vein is of large size, but is not tortuous like 
the artery ; it commences by five or six branches which return the blood from 
the spleen. These unite to form a single vessel, whicli passes from left to 
right, grooving the upper part of the posterior surface of the pancreas, below 
the lienal artery, and ends behind the neck of the pancreas by uniting at a 
right angle with the superior mesenteric vein, tc) form the portal vein. 

Tributaries.- -It receives the short gastric veins, the left gastro-cpiploic vein, 
the pancreatic veins, and the inferior mesentt*ric vein. 

(a) The short gastric veins, four or five, in number, ilrain the fundus and left 
part of the greater curvature of tlic stomacli, and pass between the two layers of 
the gastrolienal ligament to end in lli(» lienal vein or in one of its large tributaries. 

(h) The left gastro-epiploic vein receives hrancluis from the surfaces of the 
stomach and from the greater ojnentum ; it runs from right to left along the greater 
curvature of the stomach and ends in the commencement of the lienal vein. 

(c) The pancreatic veins are several small vessels which drain the body and 
tail of the pancreas. 

{d) The inferior mesenteric vein returns blood from the rectum, and from the 
sigmoid and descending parts of the colon. It begins in (lie rectum as the superior 
hmmorrhoidal vein, which has its origin in the luemorrlnndal plexu.s (p. 700 ), and 
through this plexus communicates with the iiiiddle. and inferior lisomoirhoidal 
veins. The superior haemoiThoidal vein leaves the lesser pelvis, crosses the left 
common iliac vessels with the superior hflernorrhoidal artery, and hs continued 
upw^ards as the inferior mesenteric vein. This vein to the left of its artery 
and ascends behind the peritoneum and in front of the h ft I'soas major ; it then 
passes behind the body of the pancreas and opens into the lienal vein ; sometimes 
it ends in the single of union of the lienal and superior mesenteric veins. 

Tributaries. — 'rhe inferior mesmtorK* voin receives the sigmonl veins from the .sigmoid 
colon, !Uk 1 the left colic \ein from the descending colon and left colie flcxnrc. 

2. The superior mesenteric vein returns the blood from the small intestine, 
from the caecum, and from the ascending «and transverse portions of the colon. 
It begins in the right iliac foss^r by the union of the veins whicVi drain the 
terminal part of the ileum, the ciecum and vermiform process. It ascends 
between the two layers of the mesentery pn the right side of the superior 
mesenteric artery, and in its iipw^ard course passes in front of the right ureter, 
the inferior vena cava, th^ inferior part of the duo<iemijn, and the processus 
uiicinattts of the head of the pancreas. Behind the neck of the pancreas it 
unites with the lienal vein to form portal v'oin. 

’ Tributaries. — The superior mesenteric vein' receives the veins which correspond 
with the branches of tfee superior mesenteric artery, viz. the jejunal, ileal, ileocolic, 
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right colic, and iniddle colic veins ; it is also joined by the right gaatyo-epiploic and 
the pancreaticoduodenal veins. 

The right gastro-epiploic vein receives branches from the greater omentum and 
from the lower part of the st juiacli ; it runs from left to right along the greater 
curvature of the stomach, between the two layers of the greater omentuna. 

The panpi^tlcodnodenal veins accompany their corresponding arteries ; the 
lower one frequently joins the right gastro-epiploic vein. 

3. ' The coronary vein derives tributaries from both surfaces of the stomach : 
it runs from right to loft along the lesser curvature of the stomach between 
the two layers of the lesser omentum, to the (esophageal opening of the stomach, 
where it receives some o‘sophageal veins. It then turns backwards and passes 
from left to right bnhind the omental bursa, and ends in the portal vein. 

4. The right gastric vein (jiyloric vein), of small size, runs from left to 
right along the pyloricj ])ortion of the lesser curvature of the stomacli between 
the two lay(Ts of the lesser omentum, and ends in the portal vein. 

6. The cystic vein drains the blood from the gall-bladder ; it accompanies 
the cystic* duct, and usually ends in the right branch of the portal vein. 

6. Parumbilical veins. — In the course of the ligamentum teres of the 
liver and of the middle umbilical ligament, small veins (parumbUical) are 
found, which establish an anastomosis betweeA the veins of the anterior 
abdominal wall and the portal, hypogastric, and iliac vinns. The best marked 
of these small veins is one which begins at the umbilicus and runs backwards 
and upwards in, or on the surface of, the ligamentum teres between the layers 
of the falciform ligament, to end in the left portal vein. 

Applied Anatoniy. — Obstruction to the portal vein may produce ascitos, and this nia\ 
arise from many causes, e.g, (1) tlio pressure of a tumour on the portal vein, such as 
cancer or hydatid cyst in the liver, enlarged lymph-glands in the lesser omentum, or 
cancer of the head of the pancreas; (2) from cirrhosis of the liver, when the radicles of 
the portal vein are pressed upon l)y tho contracting fibrous tissue in the portal canals; 
(8) from valvular disease of the heart, and back pressure on tlio liopatic veins, and so on 
the whole of tho circnilation through tho liver. In this condition tho prognosis as regards 
life and freedom from ascites nay bo much improved by Ibo ostablislunei^ of a good 
collateral venous circulation tu relu-vctho portal obstruction in the liver. l^Pfiis is effected 
by conimunicatioiis between (a) tho gastrin veins, and the cpsophagtal veins which often 
project as a varicose bunch into the stomach, emptying themselves into the iiemiazygos 
vein; (b) the veins of the colon and duodenum, and the left renal vein; (c) the accessory 
portal system of Sappoy, branche s of which pass in the round and falciform ligaments 
(parti(iidiirl.v the latter) t<' unite Wi ’ the epigastric and internal mammary veins, and 
through tho diaphragmatic veins with th’* azygos; a single large, vein, shown to bo a 
parumbilical vein, may pass irom the hilumof the liver by the round ligament to the um- 
bilicus, producing there a brneb of prominent vaiicose veins known a.; tlie capvt Medusa: \ 
(d) the veins of Retziiis, which connect the intestinal veins with the inferior veiia cava 
and its retroperitoneal branches; (c) tho inferior mesenteric veins, and the htemorrhoidal 
veins that open into tho hypogasfcrica ; (/) very rarely the ductus venosus remains patent, 
affording a direct conncJ^ion between the portal vein and tho inferior vena cava. 

An operation for tho relief of portal obstruction on these linos has been advocated by 
Rutherford Morison and l)y Talma. It consists in roughening tho opposed surfaces of tlu' 
liver ami Diaphragm and stitching them together, so as to secure vascular inflammatory 
adhesions between the two. Tho greater omentum may with advantage be interposed 
between them, so as to increase the amount of tho adhesions. 

Thrombosis of the portal vein is a very serious ovent, and is often eat due to pafho- 
logicttl processes causing compression of the vessel or injury to its wall, such as tumours 
or inflammation about the pylorus or bend of tho pancreas, or to gall-stones, or cirrhosis * 
of tho liver. 

Thrombosis of the moaentcric veins produces very acute symptoms, similar to those 
of embolism of the mesenteric arteries (see p. 639). » 

Infective emboli lodging in tho portal venules give rise to a condition known as septic 
or suppurative pylephlebitis or, more shortly, portal pjyce^nia. They occur most often in , 
one of the iloocolic radicles, and are duo to appendicitis, but the infection may arise Irdm 
anywhere in the portal system (e.g. the superior hssmorrhoidal radicles), Framents of 
the infected clot break off from original thrombus and lodge in the sme^er veins 
of the livor, causing the development of multiple abscoases in its substance, and a rapHly 
fatal result. A similar path of infection is taken by the entamaha hisiolyUca of dysen- 
tery, when it passes into the liver and produces tropical abscess. 
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THE LYMPHATIC SYSTEM 

The lymphatic system includes the lymphatic vessels and lymph-glands. 
The lymphatic vessels of the small intestine receive the special designation 
of lacteala or chyliferoua vessels ; they differ in no respect from the lymphatic 
vessels generally, excepting that during the process of absorption of a fatty 
meal they contain a milk-white fluid, the chyle. In most of the tissues of 
the body there are also minute spaces and channels which contain lymph ; the 
cells of connective tissue, for example, are bathed in this fluid. As fresh lymph 
is formed by transudation from the blood-capillaries, that lying in the tissue- 
spaces is moved on into the lymphatic vessels, which probably commence in 
every case, as those in the intestinal villi arc known to do, by blind extremities. 

The lymphatic vessels Are exceedingly delicate, and "their coats are so 
transparent that the fluid they contain is readily seen through them. They 
are constricted at intervals and so present a knotted or beaded appearance ; 
these constrictions coiTespoiid to the situations of valves in the interior of 
the vessels. Lymphatic vessels have been found in nearly every texture 
and organ of the body which contains blood-vessels. Non- vascular structures 
such as cartilage, nails, cuticle, and hair have none, but with these exceptions 
it is probable that all parts are permeated by those vessels. 

Simctuie of lymphatic vessels. — The larger lymphatic vessels arc each composed 
of three coats. The internal coat is thin, transparent, slightly elastic, and consists 
of a layer of elongated endothelial 
cells supported on an elastic 
membrane ; the cells have wavy 
margins by which the contiguous 
cells are dovetailed into one. 
another. The middle coat is com- 
posed of smooth muscular, and 
line elastic, fibres, disposed in a 
transverse direction. The external 
coat consists of connective tissue, 
intermixed with smooth muscular 
fibres longitudinally or obliquely 
disposed ; it forms a protective 
covering to the other coats, and 
serves to connect the vessel with 
the neighbouring structures. In 
the smaller vessels there are no 
muscular or elastic fibres, and the 
wall consists only of a connective 
tissue coat lined by endothelium 
(fig. 683). The thoracic duct has a more complex structure than the other 
lymphatic vessels ; it presents a distinct subendothelial layer, similar to that found 
in the arteries ; in the middle coat there is, in addition to the muscular and elastic 
fibres, a layer of connective tissue with its fibres arranged longitudinally. The 
larger lymphatic vessels are supplied by nutrient vessels, which are distributed to 
their outer and middle coats ; and here also have been trace d many non-niediillated 
nerves in the form of a fine plexus of fibrils. • 

In the lymphatic vessels the valves an; placed at much shorter intervals than 
in the veins. They are most numerous near the. lymph-glands, and are found more 
frequently in the lymphatic vessels of the neck and upper extremity than in those 
of the lower extremity ; they are wanting in the vessels composing the plexiform 
network in which the lymphatic vessels usually originate on the surface of the body. 
The valves are formed of thin layers of fibrous tissue covered on both surfacios by 
endothelium which presents the same arrangement as on the valves of veins (p. 560). 
Thev are semilunar in form, and are attached by their convex edges to the wall 
of the vessel, the concayc edges being free and directed along the course of the 
lymph*-cu]Tent.' Usually two valves, of equal size, are found opposite one another ; 
but occasionally exceptions occur^ especiallj at or near the anastomoses of lymphatic 
vessels ; thtis, one valve may be of small size and the other increased in proportion. 
The wail of a lymphatic veikel immediately above the attachment of each segment 


^’la. 683, — Small lym]>liatic, vcksoI, from 
tliaphragm of a rabbit. Silvered, x 65. 
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of a valve is expanded into a pouch or sinus which gives the vessel, when distended, 
the knotted or beaded appearance already referred to. 

The lymph-glands are small oval or bean shaped bodies, situated in the course, 
of lymphatic and lacteal vessels so that the lymph and chyle pass through them on 
their way to the blood. Each generally presents on one side a slight depression, 
tli(^ hiluniy th:^ugh which the blood-vessels enter and leave the gland. The efferent 
lymphatic vessel also emerges from the gland at this spot, while the afferent vessels 
enter it at different parts of the periphery. On section (fig. 684), a lymph-gland 
displays two different structures : an external, of lighter colour— the cortical ; 
and an internal, darker — the jmdvllary. The cortical structure does not form a 
complete investment, })ut is deficient at the hilum, where the medullary portion 
reaches the surface of the gland ; so that the efferent lymphatic vessel is derived 
directly from the medullary structure, while the afferent vessels empty themselves 
into the cortical .substance. 

Structure of lymph-glands (figs. 684, 685). — A lymph-gland consists of (1) a 
fibrous envelope, or capsule, from which a framework of processes {Irabecuhv) proceeds 
inwards, imperfectly dividing the gland into open spaces freely communicating 
with (*ach other ; (2) a quantity of lymphoid tissue occupying these spaces without 

Fig. 684. — Section of a lymph-gland of a oat. Stainer] with ha*matoxylin 
and cosin. xl5. 



completely filling them ; (3) a free supply of blood-vessels, which are supported 
in the trabocuhe ; and (4) the afferent and efferent lymphatic vessels communicating 
through the lymph-paths in the substance of the gland. The nerves passing into 
the hilum are few in number and are chiefly distributed to the blood-vessels supi>lying 
the gland. 

In man the capstde and traheculce are composed of coni)ective tissue with some 
plain muscl(;-fibres, bat in many of the lower animals they consist almost entirely 
of involuntary muscle. The trabeculae pass inwards towards the centre of the 
gland for a certain distance — that is to say, for about one- third or one-fourth of 
the space between the circumference and the centre of the gland. In some animals 
they are sufficiently well marked to divide the peripheral or cortical portion of 
the gland int© a number of compartments (so-called follicles), but in man this 
iirrangement is not obvious. The larger trabeculie springing from the capsule 
break up into finer bands, and these interlace to form a meshwork in the central or 
medullary portion of the gland. The gland-pulp or lymphoid tissue is contained 
in the spaces formed by tlie interlacing trabeculce ; it does not, however, completely 
fill the spaces, but leaves, between its outer margin and the enclosing trabeculse, a 
channel or space, termed the lymph-path or lymph-sinus ; the lymph-path is bridged 
by a network of retiform tissue (fig. 685). 

On account of the peculiar arrangement of the framework, the gland-pulp 
in the cortical portion is disposed in the form of nodules, and in the medullary 
part in the form of rounded cords. It consists of ordinary lymphoid tissue (fig. 685), 
t)eing made up of a delicate network of retiform tissue packed with lymphocytes. 
The network of the gland-pulp is continuous with that in the lymph-paths, but 
marki'd off from it by a closer reticulation ; moreover, the fibres of the retiform 



STRUCTURE OF LYMPH-GLANDS 


709 


tissue of the lymph-paths arc continuous with those of the trabecula}. The gland- 
pulp is traversed by a dense plexus of capillary blood-vessels. The nodules or 
follicles in the cortical portion of the gland frequently show areas where karyo- 
kinetic figures indicate a division of the lymph-corpuscles. These areas are termed 
gewi-centres. The actively dividing cells have more abundant protoplasm than 
those which are not undergoing division, and consequently in stained sections the 
germ-centres appear clearer than the surrounding gland-pulp. 

The afferent vessels, as stated above, enter at different parts of the periphery of 
the glan^ and after branching and forming a dense plexus in the substance of the 
capsule, open into the lymph-sinuses of the cortical part. In doing this they lose 
all their coats except their endothelial lining, which is continuous with a layer of 
similar cells lining the lymph-paths. The efferent vessel commences from the 
lymph-sinuses of the medullary portion. The stream of lymph carried to the gland 

Fi(i. G85. — Retiform and adenoid tissue, from a lymph-gland. x255. 


Betiform tinsue 



by the afierent vessels thus passes through the plexus in the capsule to the lymph- 
paths •f the cortical portion, where it is exposed to the action of the gland-pulp ; 
flowing through these it (‘liters the paths or sinuses of th(} medullary portion, and 
finally emerges from the hilum by means of the efferent vessel. The stivam of 
lymph in its passage through the lymph-simi.ses is luucli retarded by the nrescnce 
of the reticulum, hence moi-phological elements, either normal or morbid, art* 
easily arrested and deposited in the sinuses. Many lymph-corpuscle.s pass with the 
efferent lymph-stream to join the general blood-stream. The arteri(»s of the gland 
enter at the hilum, and go to the gland-pulp, to break up into a capillary plexus, 
either directly or after running in the ti^eculai for a certain distance. The veins 
emerge from the gland at the hilum. 

The lymphatic vessels are arranged into a superficial and a deep set. On 
the surface of the body the superficial lymphatic vessels are x^laced immediately 
beneath the skin and accomxiany the superficial veins ; they join the deep 
lymphatic vessels in certain situations. In the interior of the body they lie 
in the submucous areolar tissue throughout the whole length of the digestive, 
respiratory and genito-urinary tracts; and in the subserous tissue of the 
thoracic and abdominal walls. Networks of minute lymphatic vessels are 
found interspersed among the elements and blood-vessels of the several tissues ; 
the vessels composing the network as well as the meshes between them, are 
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much larg(jr than those of the capillary plexus. From these networks small 
vessels emerge, which pass, cither to a neighbouring gland, or to join some 
larger lymphatic trunk. The deep lymphatic vessels, fewer in number, but 
larger than the supeificial, accompany the deep blood-vessels. Their mode 
of origin is f ‘^i&bably similar to that of the superficial vessels. 

The lymphatic Vessels of any part or organ exceed the veins in number, 
but in size they ai'e much smaller. Their anastomoses also, especially those 
of the large trunks, are more fre(iuent, and are effected by vessels equal in 
diameter to those which they connect. 

Applied Aiiaiohiy. —The lymphatic vessels ami lyinph-glaucls draining any infected 
area of the body are very liabh* to bceoine iiitlanied, resulting in acute or chronic lymphan- 
gitis and lymphadenitis, in acute eases the paths of tho aupcrficdal lymphatic vessels aro 
often marked out on tho skiu by pain, redness, heat, and swelling, while the lymph-glands 
swell and may suppurate. Chronic infiammation leads to gi’owth and fibrosis of the 
lymphatic vc’ssels and tlu‘ eonucctivc tissue round them; obstruction to the passage of 
the Kmpli results, as the fibrous tissue contracts and causes stenosis or obliteration of the 
lymphatic ehaunels, and hard (cdorna of tho involved skin and subcutaneous tissues 
follows (pachydermia lyrnpliangieetatica). Chronic lymphangitis, togetlujr with the 
blocking of iiunierons lymphatic vessels by the eseupod ova of the minute parasitic worm 
Microfilaria noctiinia, is tho cause of elephantiasis, a condition (iominon in the tropics 
and subtropics, and cbara{d(u*ised by enormous enlargement and thickening of the skin 
nf some part of the body, most fn'qinmtly ol the leg. Tuberculous and syphilitic enlarge- 
ments of the lymphatic vessels and 1 \ inph-glands arc both very commonly mot with. 
Primary tumours of the lymphatic vosstds arc lymphangioma and endothelioma; tho 
.su-oall(Ml ‘ congenital cystic hygroma ’ of the neck, arm, trunk, or thigh, is a cystic 
lymphangioma. Primary tumours of the lymph-glands may bo innocent (lymphadenoma , 
myxoma, chondroma) or malignant (lymphosarcoma); cancer is never met with as a 
primary affection, but is extremely common secondarily to cancer of some other part 
rjf the body. 

The appearance of secondary malignant deposits or of seeemdary infection in parts 
of the body that .seem not to lx* directly associated by any lymphatic connexion with 
tin* scat of tile primary greovth or infection has often been observed, and explained as 
duo to ‘ retrograde trans|:)ort * ' f caiieer-cellH or bacteria by a reversed flow of lymph. 
Wcleminsky,* however, believi s that the explanation is to be found in the fact that when 
tho infected lymph-glands have grown to a certain size they no longer permit tho normal 
flow^ of lyinpK through thorn, and that under these circumstances very dolicato lymphatic 
connexions, whose existence normally remains unsuspected, develop to- a surprising 
extent between groups of lymph-giands that«.t first sight appear to Ix' unconnected with 
one another. 

yTHORAOic Duct 

Tho thoracic duct (fig. fiSd) conveys tho chyle and the greater part of the 
lymph into the blood. It is the common trunk of all the lymphatic vessels 
of the body, excepting those of the right side of the head, neck, and thoracic 
wall, the right upper extremity, right lung, right side of the heart, and part of 
the convex surface of the liver. In the adult it varies in length froni 38 cm. to 
f ^ cTU j^and extends from the second lumbar vertebra to the root of thi fleck, 
tt Begins in a triangular dilatation, the cisterrui chjli, which is situated on the 
front of the bodies of the first and second lumbar vertebras, to the right side of 
and behind the aorta, by tho side of the right crus of the Diaphragm. It enters 
the thorax through the aortic hiatus of the Diaphragm, and ascends through 
tho posterior mediastinal cavity with the aorta on its left and the azygos vein 
on its right side. Behind it in this region are the vertebral column, the right 
intercostal arteries, and the hemiazygos and accessory hemiazygos* veins. In 
front of it are the Diapliragm, a? 80 X)hagus, and pericardium, the last being 
sei)arated from it by a recess of the riglit pleural cavity. Opposite the fifth 
thoracic vertebra, it inclines towards the left side, enters the superior mediastinal 
cavity, and ascends behind tho aoriic arch and the thoracic part of the left 
subclavian artery and between tho left side of the oesophagus and the left 
pleura, to tho upper orifice of the thorax. Passing into the neck it forms an 
arch which rises about 3 cm. or % cm. above tho clavicle and turns forwards 
anterior to the first part of the imbdavian artery, the vertebral artery and 
vein, and th© thyreocervical trunk or its branohek It also passes; in front 
^^of the phrenic nerve and the medial border of the Scalenus anterior, but is 

♦ BeHiner Idin, Weak,, 1905, No. '24, p. 743. ' 
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separated from these two structures by the prevertebral fascia. In front 
of it are the left common c^otid artery, vagus nerve, and internal jugular 
— — • it ends by opening into the angle of junction of the left subclavian vein 


Fig, — The thoracic niul right Ivtuphutie ducts. 
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Avith the left internal jugular vein. The thoracic duct, at its commencement, 
is about e^ual in diameter to 
a goose-quill, but it diminishes 
considerably in calibre in the 
middle of the thorax, and is 
^ain slightly dilated just before 
its termination. It is generally 
dexuous, and constricted at 
intervals so as to present a 
varicose ax)pearancc. Not in- 
frequently it divides in the 
middle of its course into two 
vessels of unequal size which 
soon reunite, or into several 
branches which form a plexi- 
form interlacement. It occa- 
sionally divides at its upper 
X^art into two branches, right 
and left : the left ending in 
the usual manner, while the 
right opens into the right sub- 
clavian vein, in connexion 
with the right lymphatic duct. 

( The thoracic duct has several 
valves ; at its termination it is 
X)rovided with a pair, the free 
borders of which are turnetl 
towards the vein, so as to 
X)rovent the passage of venous 
blood into the duct. 

The cisterna chyli (lig. 

687) receives the two lumbar 
lymphatic trunks, right and 
left, and the intestina] lympha- 
tic trunk. The lumbar trunks 
are formed by the union of 
the efferent vessels from the 
lateral aortic lymph-glands ; 
they receive the lymph from 
the lower limbs, from the 
walls and viscera of the pelvis, 
from ihe kidneys and supra- 
renal glands, and the deep 
lymphatics of the greater part 
of the abdominal wall. The 
intestinal trunk receives the 
lymph from the stomach, intes- 
tine, pancreas and spleen, and 
from the lower and front part 
of the liver. 

Tributaries. — Opening in- 
to the commencement of the 
thoracic duct,, on either side, 
is a descending trunk from the 
posterior intercostal lymph- 
glands of the lower ^ or, seven intercostal spaces, 
is joined on either side by a tnink which dr^^s the upper lumbi^ lymph-^ands 
and pierces the crus of the D^phragm. It also receives the <^rents from the 
posterior mediastinal lymph-glands and from the posterior intercostal lymph- 
glands ^ tbe upper six Im spaces. . In the neck it is joined by the Uft jugular. 
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trunk from the left side of the head and neck, and left subclavian trunk from 
the left superior extremity ; sometimes it is joined by the left bronchomediastinal 
trunk, but this trunk usually opens independently into the junction of the 
left subclavian and internal jugular veins. 

The rigblL lymphatic duct (fig. 686), about 1*25 cm. in length, courses 
along the mraial border of the Scalenus anterior at the root of the neck, and 


Fig. G87. — Afodcs of origin of thoracic duct. (Poirier and Clmrpy.) 
A ‘ R C 
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a. Thoracic duct. a\ Cisiema chyll. b, e. Effert'nt tniuks from lateral aortic lyniph-glancis. 
d. An clferent vessel which r»ierccs the left crus of the Oiapliragm. e,/. Laticrjil aortic lymph-glands. 
a. Pre-aortic lymph-glands, h. Uctro-aortlc lymph-glands, i. Intestinal trunk j. Bcjscendmg 
branch from intercostal lymphatics. 


ends by opening into the ungle of junction of the right subclavian and right- 
internal jugular veins. Its orifice is guarded by two semilunar valves which 
prevent the passage of venous blood into the duct. 

Tributaries. — The right lymphatic duct receivas the lymph from the right 
side of the head and neck through the right jugular trunk ; from the right 
upper extremity through the ri-gkt subclavian trunk ; from the right side of the 
thorax, right lung, right side of the lieart, and part of the convex surface of 
the liver, through the right bronchomediastinal trunk. These three trunks 
frequently open separately in the angle of union of the two veins (fig. 688). 


Fig. Ortrt. — Terminal oolloctiiig trunks of right side. (Poirier and Charpy.) 



Applied Anatomy . — Blockage of the'thoracio duct by^ mature specimens of the min.ute 
parasitic worm Microfilaria nocturna gives rise to stasis of the cuyle, and to its passage 
in various abnormal directions on its epurse past the obstruction. The neighbouring 
abdominal, renal, and pelvic lymphatics* become enlarged, varicose, and.^rtuous, and 
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chyle may make* its way into the urine (chyluria), the tunica vaginalis (chylooelc), tlip 
abdominal cavity (chylous ascites), or the pleural cavity (chylous pleural effusion), in 
consequence of rupture of some of these distended lymphatic vessels. 

Gunshot wounds of the chest involving laceration of the thoracic duct and the oscapt' 
of chyle into the pleural cavity have been described. It appears that if left alone, such 
lacerations tend to heal and close up spontaneously. 

The thoracic duct may be secondarily infected in intestinal or pulmonary tuberculosis, 
and may contain either miliary tubercles, caseating tuberculous masses, or even tuber- 
culous ulcers. It is often the seat of secondary carcinomatous deposits in cases of cancer 
of some abdominal viscus, becoming infiltrated throughout until it becomes a stiff monili- 
form rod ns thick as a pencil, with multiple stenoses and dilatations of its lumen; in 
such cases the le^t supraclavicular lymph-glands arc often infected and enlarged, whil^* 
the lungs remain free from secondary growths. 


LYMPH-GLANDS OF THE HEAD AND NECK 

1. The lymph-glands of the head (fig. 680) consist of the following groups ; 

Occipital. Parotid. . Deep facial. 

Posterior auricular. Facial. Lingual. 

Anterior auricular. 


Fig. 680. — Superficial lymph-glands and lymphatic vessels oi head and neck. 
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The occipital lymph-glands, one to three in number, are placed on the 
back of the head close to the margin of the Trapezius and i*esting on the insertion 
of the Semi^inalis capitis. Their afferent vessels drain the lymph from the 
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occipital region of the scalp ; their efferents convey it to the superior deep 
cervical lymph-glands. 

The posWior auricular Iymph-glands» usually two in number, are 
situated on the mastoid insertion of the Stemocleidomastoideus, beneath 
the AnricutHSif posterior. Their afferent vessels drain the posterior part of the 
temporoparietal region, the upi>or part of the cranial surface of the atCricula 
or pinna, and the back of the external acoustic meatus ; their efferents pass to 
the superior deep cervical lymph-glands. 

The anterior auricular lymph-glands, frx>m one to three in number, lie 
immediately in front of the tragus. Their afferents drain the lateral surface 
of the auricula and the skin of the adjacent part of the temporal region ; their 
efferents pass to the superior deep cer\dcal lymph-glands. 

The parotid lymph-glands form two groups, one imbedded in the sub- 
stance of the ])arotid salivary gland, and the other, or subparotid group, placed 
on the lateral wall of the pharynx. Occasionally small lymph-glands are 
found in the subcutaneous tissue over the parotid salivary gland. The afferents 
of the subi)arotid lymph-glands drain the nasal part of the pharynx and the 
posterior parts of the nasal cavities ; their efferents pass to the superior deep 
cervical lym^jh-glands. The afferents of the remaining parotid lymph-glands 
drain the root of the nose, the eyelids, the frcntotemporal region, the external 
acoustic meatus and the tympanic cavity, possibly also the posterior parts of 
the palate and of the floor of the nasal cavity. Their efferents pass to the 
superior deep cctwioal lymph-glands. 

The facial lymph-glands comprise three groups : (a) infraorbital, scattered 
over the infraorbital region from the groove between the nose and cheek to the 
zygomatic arch ; (b) buccimtor, one or more on the Buccinator opposite the 
angle of the mouth ; (r) supramarulibular, on the outer surface of the mandible 
in front of the Massetcr and in contact Avith the external maxillary artery 
and anterior facial vein. Their afferents drain the eyelids, the conjunctiva, 
and the skin and mucous membrane of the nose and cheek ; their efferents ♦ 
pass to the anterior auricular and submaxillary lymph-glands. 

The deep facial lymph-glands are j)laced beneath the ramus of the 
mandible, on the outer surface of the Pterygoideus extornus, in relation to 
the internal maxillary artery. Their afferents drain the temporal and infra- 
temporal fossae, the palate the nasal part of the pharynx ; their efferents 
pass to the superior deep cervical lymph-glands. 

The lingual lymph-glands aio two or three small nodules lying on the 
Hyoglossus, and between the Gonioglossi. They are merely glandular nodules 
in the course of tlie lymphatic vessels of the tongue. 

2. The lymph-glands of the neck include the following groups : 

Retropharyngeal. Anterior cervical. 

Submaxillary. Superficial cervical. 

Submental. Deep cervical. 

The retropharyngeal lymph-glands (fig. 691), from one to three in 
number, lie in the buccopharyngeal fascia, behind the upper part of the pharynx 
and in front of the arch of the atlas, being separated, however, from the latter 
by the Ijongus capitis. Their afferents drain the nasal cavities, the nasal 
part of the pharynx, and the auditory tubes ; their efferents pass to the superior 
deep cervical lymph-glands. 

The submaxillary lymph-glands (fig. 690), three to six in number, are 
placed beneath the body of the mandible in the submaxiUary triangle, and rest 
on the superficial surface of the submaxiUary salivary gland. One (the middle 
lymph-gland of Stahr) lies on the external maxillary artery as this artery turns 
over the mandible, and is the most constant of the series ; small lymph-glands 
are sometimes found imbedded in the submaxiliary salivary gland or lying 
on its deep surface. The afferents of the submaxiUary lymph-glands arain 
the medial palpebral commissure, the cheek, the side of the nose, to upper lip, 
the lateral x>art of the lower lip, the gums, and to anterior part of the margin 
of the tongue ; efferent vessels from the facial and submental lymph-glands 
also enter the SubmaxiUary lymph-glands. Their efferent voeselg pass to the 
superior deep cervical lymph-glands. 

The submental or suprahyoid lymph^^Unds are placed^ between the 
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ant^ior beUies of the two Digastric muscles. Their afferent^ drain the central 
portions of the lower lip and floor of the mouth and the apex of the tongue ; their 
efferents pass partly to the submaxillary lymph-glands and partly to a lymph- 
gland of the deep cervical group situated on the internal jugular vein at the 
level of the cricoid cartilage. 

The anterior cervical lypi^p^-ylands are placed in front of the larynx 
and trachea, and donSistoi a superficial and a deep set. The lymph-glands 
of the superficial set lie alongside the anterior jugular vein, but are inconstant 
in number and size. The lymph-glands of the deep set comprise : (a) the 
infrahyoid lymph-glands which lie in front of the hyoth 3 '^reoid membrane, 
and receive their afferents from the neighbourhood of the epiglottis ; (5) the 
prelaryngeal lymph-glands which lie on the middle cricothyreoid ligament ; 
and (o) the pretracheal lymph-glands which are placed in front of the trachea, 
alongside the inferior thyreoid veins. The prelaryngeal and protracjhcal groups 
receive their afferents from the larynx, the th^^reoid gland, and the cervical 
part of the trachea ; their efferents pass to the deep cervical lymph-glands. 



The superficial cervical lymph-glands (flg. 689) li(i in close relationship 
with the external jugular vein as it emerges from the parotid gland, and arc 
superficial to the Sternocleidomastoideus. Their afferents dmin the ])arotid 
region and the lower part of the auricula . while their efferents pass round the 
anterior margin of the Sternocleidomastoideus to join the superior deep cervical 
lymph-glands. 

The^deep cervical lymph-glands (figs. 691, 692) arc numerous and of 
large size ; they form a chain along the carotid sheath, lying })y the s;do of the 
pharynx, cBSopnagus, and trachea, and extending from the base of the skull 
to the root of the neck. They are usually described in two groups : (1) the 
superior deep cervical lymph-glands lying under the Sternocleidomastoideus 
in close relation with the accessory and hypoglossal nerves, and the internal 
jugular vein, some of the glands lying in front of and others behind the vein ; 
(2) the inferior deep c& teal lymph-glands c^xtending beyond the posterior 
margin of the Sternocleidomastoideus into the suijraclavicular triangle, where 
they are closely related to the brachial plexus and subclavian vein. A few 
minute parairacheal lymph-glands are situated alongside the recurrent nerves 
on the lateral aspects of the trachea and cesophagus. The superior deep 
cervical lymph-glands drain the occipi^l portion of the scalp, the auricula, 
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the back of the nock, a considerable part of the tongue, the larynx, thyreoid 
gland, trachea, nasal part of the pharynx, nasal cavities, palate, and oesophagus. 
They receive also the efferent vessels from all the other lymph-glands of the 
head and neck, except those from the inferior deep cervical lymph-glands. 
The inferidr^cleep cervical lymph-glands drain the back of the scalp and neck, 
the superficial pectoral region, and part of the arm (p. 721). In addition, 
they receive vessels from the superior deep cervical lymph-glands. The 
efferents of the superior deep cervical lymph-glands pass partly to the inferior 
deep cervical lymph-glands and partly to a trunk which unites with the efferent 
vessel of the inferior deep cervical lymph-glands and forms jugular trunk. 
On the right side, this trunk ends in the junction of the internal jugular and 
subclavian veins ; on the left side it joins the thoracic duct. 


LYMPHATIC VESSELS OF THE HEAD AND NECK 

The lymphatic vessels of the scalp are di visibles into (n) those of the frontal 
region, which drain into the anterior auricular and parotid lymph-glands ; 
(6) those of the temporoparietal region, which end in the parotid and posterior 
auricular lymph-glands ; and (c) those of the ocicipital region, which terminate 
partly in the occipital lymph-glands and partly in a trunk which runs down 
along the posterior border of the Stcmoclcidonmstoidcus to end in the inferior 
deep cervical lymph-glands. 


Luv. GOl. — Lymphatics of the pharynx. (Poirier and Cliarpy.) 
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The lymphatic vessels of the auricula and> external acoustic meatus are also 
divisible into three grou])S : (a) an anterior, from the lateral surface of the 
auricula and anterior wall of the meatus to the anterior auricular lymph-glands ; 
(6) a posterior, from the margin of the auricula, the upper part of its cranial 
surface, the internal surface and posterior wall of the meatus to the posterior 
auricular and superior deep cervical lymph-glands ; (c) an inferior, from the 
floor of the meatus and from the lobule of the auricula to the superficial and 
superior deep cervical lymph-glands. 

The lymphatic vessels of the face (figs. 689, 690) are more numerous than 
those of the scalp. Those from the eyelids and conjunctiva terminate partly in 
the submaxiUary, but mainly in the parotid, lymph-glands. The vessels from 
the posterior part of the cheek also pass to the parotid lymph-glands, whilo 
those from the anterior portion of the cheek, the side of the nose, the upper 
lip, and the lateral portions of the lower lip end in the submaxillary lymph- 
glands. The deeper vessels from the temporal and infratemporal fossae pass 
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to the deep facial and superior deep cervical lymph-glands. The deeper 
vessels of the cheek and lips end, like the superficial, in the submaxillary 
lymph-glands. Both superficial and deep vessels of the central part of the 
lower lip run to the submental lymph-glands. 

The lymphatk vessds of the nasal cavities can be injected from the subdural 
and subarachnoid cavities. Those from the anterior parts of the nasal cavities 
communicate with the lymphatic vessels of the skin of the nose, and end in the 
submaxillary lymph-glands ; those from the posterior two-thirds of the nasal 
cavities and from the accessory air-sinuses of the nose pass partly to the retro- 
pharyngeal and partly to the superior deei) cervical lymi^h-glands. 

Fio. 692.— liyriiplujitics of the tongue. (Poirier.) 


Vessels irom Vessels from 
root of tongue margin of 



Lymplialic vessels of the mouth. — The vessels of the g\ims pass to the sub- 
maxillary lymph-glands ; those of the hard palate are continuous in front 
with those of the upper gum, but run ba(;kward.s to piereo the (.'onstrietor 
pharyngis superior, and end in the superior deej) cervical and subparotid lymph- 
glands ; those of the soft palate pass backwards and lateralwards and enrl 
partly in the retropharyngeal and subparotid, and partly in the su])erior deep 
cervical lymph-glands. The vessels of the anterior part of the fioor of the 
mouth go either directly to the inferior lymph-glands of the superior deep 
cervical group, or indirect!,/ through the submental lymph-glands ; the vessels 
from the rest of the floor of the mouth pass to the submaxillary and superior 
deep cervical lymph-glands. 

The lymphatic vessels of the palatine tonsil, usually throe to five, in number, 
pierce the buccopharyngeal fascia and Constrictor pharyngis superior and pass 
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between the Stylohyoideus and the internal jugular vein to the superior deep 
cervical lymph-glands. Most of them end in a lymph-gland which lies at the 
side of the posterior belly of the Digastricus, .on the internal jugular vein; 
occasionally one or two additional vessels run to small lymph-glands on the 
lateral side of the vein, under cover of the Sternocleidomastoideus. 

The vessels of the tongue (fig. 692) are drained chiefly into the 

deep cervical lymxjh-gJands lying between the posterior belly of the Digastricus 
and the superior belly of the Omohyoideus ; one gland situated at the bifurca- 
tion of the common carotid artery is so intimately associated with these 
lymphatic vessels tlial it is known as the 'principal lymph^gland of the tongue. 
The lymphatic vessels of the tongue may be divided into four groups : (1) apical, 
from the apex of the tongue to the suprahyoid lymph-glands and principal 
lymph-gland of the tongue ; (2) lateral, from the margin of the tongue, some 
of which pierce the Mylohyoideus to end in the submaxillary lymph-glands, 
others pass down on the Hyogloasus to the superior deep cervical lymph- 
glands ; (3) basal, from the region of the papillw vallatfle to the superior deep 
cervical lymph-glands ; and (4) median, a few of which perforate the Mylo- 
byoideus to reach the submaxillary lymph-glands, while the majority turn 
round the posterior border of the muscle to enter the superior deep cervical 
lymph-glands ; some of the median vessels drain into the submaxillary lymph- 
glands of the oppositi? side. 

The lymphatic vessels of the skin and muscles of the neck pass to the deep 
cervical lymph-glands. From the upper part of the pharynx the* lymphatic 
vessels pass to the retropharyngeal lymph-glands ; from the lower part to tho 
deep cervical lymph-glands. IVom the larynx two sets of vessels arise, an 
upper and a lower. The vessels of the upper set pierce tho hyothyrooid 
membrane and join the superior deep cervical lymph-glands. Of tho lower 
set, some pierce the conus elastic us and join the pretracheal and prelaryngeal 
lymph-glands ; others run between the cricoid cartilage and first tracheal ring 
and enter tho inferior dee]> cervical lymph-glands. Tho lymphatic vessels of 
the thyreoid ghwl consist of an ux)per set, which accompanies tho superior 
thyreoid artery and enters tho superior deep cervical lymph-glands, and a 
lower, which runs partly to the pretracheal lymph-glands and partly to thp 
small paratracheal lymph-glands which accompany the recurrent nerves. 
The jiaratracheal lymph-glands also receive lymphatic vessels from the cervical 
portion of the trachea. 

Applied Anatomy . — Tho s jiperficial and deep cervical lymph-glands often become 
infected from inflammatory conditions about the mouth, teeth, tonsil and pharynx. 
When suppuration occurs in the deep group it is apt to spread widely beneath the deep 
cervical fascia unhjss relieved by early incision. 

The cervical inpli-glands arc very frequently the scat of tuberculous disease. This 
condition may bo set up by some lesion in those parts from which they receive their 
lymph. Tt is very desirable for the surgeon, in dealing with these cases, to possess a 
raiowledgo of the relation of tho respective groups of lymph-glands to important struc- 
tures, as in order to eradicate th(^m by operation a long and difficult dissection may be 
required. 

The same can also bo said of these lymph-glands when they become infiltrated with 
carcinomatous growth secondary to disease of the lip, tongue, palate, or pharynx. At 
times it will be found necessary to remove a portion of the internal jugular vein, previ- 
ously ligatured, with the mass of glands. 


L^WH-GLANDS OF THE UPPER EXTREMITY 

The Ijrmph-glands of the upper extremity are divided into two seta, 
superficial and deep. 

The superficial lymph-glands (fig. 693) are few and of smaU size. One 
or two supratroM&ir lymph-glands are placed above the nxedial ^icondyle 
of the humerus, on the medial side of the basilic vein. Their afierents drain 
the middle, ring, and little fingers, the' medial portion of the band, and the 
superficial area over the ulnar side of the forearm ; these vessds ate, however, 
in free communication with the other lymphatic vessels ofthe forearm. Their 
‘^ffl^nts accompany the bosilio vein and join the deeper vessels. One or two 
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ddUrideopectoral lymph-glands are found beside the cephalic vein, between 
the Pectoralis major and Deltoideus, immediately below the clavicle. They 
are situated in the course of a collecting trunk which drains the lateral side 
of the arm and forearm. 

The deep lymph-glands are chiefly grouped in the axilla, although a feu* 
may bo fouim m the forearm, in the course of the radial, ulnar, and interosseous 
vessels, and in the arm along the medial side of the brachial artery. 


Fio. 698. — Tfie superficial lymph-glands and lymphatic vessels of the 
upper extremity. 



^The axillary lymph-giands (fig. 094) arc of large size ; they vary from 
twenty to thirty in number, and may be arranged in the following groups : 

1. A lateral group of. from four to six lymph-glands lies in relation t o the 
medial aqd posterior asp ects of the axillary vein ; the Qtfferents otthis group 
the wno lfe jixS^wT^YE^ exception of that portion whose lymphatic vessels 
a^iS^tny ^e eophalic yein. The efferent v essels pass partly to th c^central 
and s uboWicular gro um cf axillary lymph-glands, and partly to the inferior '^ 
deep c^rroall ympE-glandB. 

2; AnanUrior or pedoral groups consisting of four or five lymph-giands, lies 
idoxig thb lpv^er border of the Pectoralis minor, in rel ation wi th the lateral 
thegaeio artei ^ Its affe^nj^ drain the skin and mn^^joF^ 
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lateral tfeoracio walls, and the contd’al and^latoaLparts of i 

eferent8.„pass partly to the central T aiid partly to the su bclavicmay grou ps 

of^iUary lymph-glands. " . i j • i j 

3. A posterior or subscapular group of six or seven lymph-glands is placed 
along the loM^er margin of the posterior wall of the axilla in t he course of th e 
snbscapular artery. The affci'cnts of this group drain the "sKin and inuscles 
o'rthe lowjBr part of ihe back of the neck and of the posterior thoracic^ wall ; 
their effereKts pass to the central group of axillary lymph-glands. 


t'lG. G04.— fjvinphatics nl tlu*. maninia, and the axillary lympli-glands 
fspiiii-diagvuinmatic). (Poirier and Charpy.) 


Latiral group 

DcUoidcopcctoral lyvipfi glctitids 


Central group 
Suhscapnlar group 


Miinimarg lymphaiio 
rndhtg in 

suheinvirular h/mph- 
glmvh ' 



Puiurul group 


Cutaneous eolUcting trunk 
from the thoracic wall 


Pectoral group 
^ — Ma.» mary roil cot ing 
trunks 


^.Siihareolar plej:ns 


Cutaneous colhctir.g 
tt unks 


Collecting trunks 
passing to internal 
mammary lymph- 
glands 


4. A central or iniermedialc group of three or four large lymph-glands is 
imbedded in the adipose tissue near the base of the axilla. Its aj ferents are 
the efferent vessels of all the preceding groups of axillary lymph-glands : its 
efferents pass to the subclavicular gi’oup of lymph-glands. 

o. A medial or subchvicular group of six to twelve lymph-glands is situated 
partly j)osterior to the upper portion of the Pectoral is minor and partly^aboyfi. 
the upper border of this muscle. The only direct territorial afferonts this 
group are those which accompany tlm,.CLephalio vein' and dflo whti ^ drains 
the. upper peripheral part of the mamma, but it receives^ the efferents of all 
the othCT axillary lymph'-glands. He efferent vesse^jof this j{roug unite to 
form thejiidiclfioian lrunk\ which c?p(3ns either directly into the junction of the 
internal fugilhia* and subclavian veins or into the jugular lymphatic trunk : on 
the loft side it may end in the thoracic duct. A few cfltoaxtsJrom the sub- 
clavicular group usually pa^ss to the injEjgrior.deep cervical lymphrglands. 

, ‘ ■’ 

Applied -inaiomT/.— Enlargement of the axillary lymph-glands is very often found in 
malignant disease and also in infective processes implicating the upper part of the back 
and shoulder, the front of the chest and mamma, the upper part of the front and side of 
the abdomen, or the hand, forearm, and arm. 



LYMPH-GLANDS OP THE LOWER EXTREMITY 


731 


LYMPHATIC VESSELS OP THE UPPER EXTREMTY 

The lymphatic vessels of the upper extremity consist of two sets, superficial 
and deep, 

The superficial lymphatic vessels (fig. 095) commence in the lymphatic x:)loxus 
which everywhere pervades the skin ; the meshes of the plexus are much finer 
in the palm and on the flexor aspects of the digits than elsewhere. The distal 
plexuses are drained by a pair of vessels which run on the sides of each digit, 
and incline backwards to roach the dorsum of the hand. Prom the dense 
plexus of the palm, vessels pass in different directions, viz. upwards towards 
the wrist, downwards to join the digital vessels, mcdialwards to join the vessels 
on the ulnar border of the hand, 

and lateralwards to those on the 695.— Lymphatic vessels of iho dorsal 

thumb. Several vessels from snrfnre of the hand. (Sappey.) 

the centra] part of the plexus 
unite to form a trunk, which 
passes round the metacarpal bone 
of the index finger to join the 
vessels on the back of that 
digit and on the back of the 
thumb. As the lymphatic 
vessels run upwards in front 
of and behind the wrist, they 
are collected into groups, which 
accompany the cephalic, median 
antibrachial, and basilic veins 
in the forearm. A few of those 
on the ulnar side end in the 
supratrochlear lymph-glands, but 
the majority pass directly to 
the lateral group of axillary 
•lymph-glands. Some of the 
vessels on the radial side arci 
collected into a trunk which 
ascends with the ccx)halic vein 
to the doltoideopectoral lymph- 
glands ; the efferents from this 
group pass either to the sub- 
clavicular axillary lyrnph-glands 
or to the inferior deep (*ervical 
lymph-glands. 

The deep lympJiatic vessels 
accompany the deep blood- 
vessels. In the forearm, they 
consist of four sots, correspond- 
ing with the radial, ulnar, volar 
interosseous, and dorsal inter- 
osseous arteries ; they communicate at intervals with the superficial lyrc^hatic; 
vessels, and some of them end in the lymph-glands which are occasionally 
found beside the arterie.s. In their coiusc upwards, a few end in the supra- 
trochlear lymph-glands, but most of them pass to the lateral group of axillary 
lymph-glands. • 



The lymph-glands of the lower extremity consist of three sets:— • 
the anterior tibial, the popliteal and the inguinal. 

The anterior tibial Ivmph-gland is small and inconstant; it lies on the inter- 
osseous membrane in r^^tion to the upper part of the anterior tibial vessels. 

The popliteal lymph-glands (fi^. 696), small in size and six or seven in 
number, are imbedded in the fat contained in the popliteal fos^. One lies 

2 /. 



<j.A. 
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immediately beneath the popliteal fascia, near th^' terminal part of the small 
saphenous vein, and drains the region from which this vein derives its tribu- 
taries. Another is placed between the popliteal artery and the posterior 
surface of the knee-joint ; it receives the lymphatic vessel from the knee-joint 
together with those which acliompany the genicular arteries. The other lymph- 
glands lie at the sides of the popliteal vessels, and receive as aiferents the 
trunks which accompany the anterior and posterior tibial vessels. The efferents 
of the popliff^ lymph-glands pass almost entirely alongside the femoral vessels 
to the dec]) subinguinal lymph-glands, but a few may accompany the great 
saphenous vein, and end in the superficial subinguinal lymph-glands. 


G9C. — Lyinph-glaiuls of popliteal fos-^a. (Poirier and Charpy.) 




■ Tihial nervf 
Popliteul vein ^ 

Popliteal artery 
Common pfronecal nerve 

Lymph-gland at side of 
popliteal vessels 


fjym ph'-fjland on hack of 
knet-'joint 

Lymph rjJand at termina 
t'lon of mph. vein 


the inguinal lymph-glands (lig. 697), from twelve to twenty in number. 
Hfe situated at the upper part of tho femoral triangle. They may be divided 
into two groups by a horizontal line at the level of tho termination of the 
great saphenous vein ; those lying above this line are termed the superficial 
inguinal lymph-glands, and those below it the subinguinal lymph-glands, the 
J«^^r group consisting of a superficial and a deep set. 

The sv/pe7ficial inguinal lym'ph^glands form a chain immediately below 
the inguinal ligament. They receive as afferents the lymphatic vessels from 
the skm of tho penis, scrotum, perina)um, buttock, and abdominal wall below 
the level of the umbilicus ; they also receive lymphatic vessels from the anal 
canal and from the mucous membrane of the anterior part of the urethra. 

The superficial subinguinal lymph-glands are placed on either qide of the 
upper part of the great saphenous vein ; their afferents consist chiefly of the 
superficial lymphatic vessels of the lower extremity, except the back apd 
lateral side of tho calf of the leg, but they also receive some of the vese^s 
wliich drain the slun of the penis, scrotum, peruueum, and buttock. 

The deep subinauinal lymph-glands vary from onis te three in number, and 
arc placed under the fascia lata, on the m<^al side of the femoral vein. When 
three arc present, the lowest is situated just bdow the function of- the great 
saphenous and femoral veina, the middle in the femoral canal, and the highest 
in th(^ lateral part of the femoral ring. The midefle one is the most inconstant. 
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but the highest,:, the lymph-glartd of Fig. 697. — ^The superficial 


Cloquet or SosenmUUer, is also frequently 
absent. They receive as afEerents the 
deep lymphatic vessels which accom-* 
pany the femoral vessels, the lym- 
phatic vessels from the glans penis (vel 
clitoridis), and also some of the efferents 
from the superficial subinguinal lymph- 
glands ; their efferents pass through the 
femoral canal to the external iliac 
lymph-glands. 

Applied Anatomy ^ — Inflammation and 
suppuration of the popliteal lymph-glands 
are most coinmotxly due to a sore on the 
lateral side of the heel. sajurncMi - 

The inguinal and .subinguiuiil lymph- iHunutal 
, glands frequently become eiUarged in jig. 
oases implicating the parts from which their ^ 
lymphatic vessels originate. Thus in malig- 
nant or syphilitic affections o£ the prepuce stiimjina! 
and penis, ^ or labia inajora, in cancer of 
scrotum, in abscess in the perinaeuni, or in ' 
similar diseases affecting the skin and super- 
ficial structures in those parts, or the sub- 
Tunbilioal part of the abdominal wall, or the 
glutieal region, the ujxper group of lymph- 
glands is almost invariably enlarged, the ' 
lower groups being implicated in diseases 
affecting the lower lind). 


LYMPHATIC VESSELS OF THE 
LOWER EXTREMTY 

The lymphatic imsda of the lower 
extremity consist of two sets, superficial 
and deep, and in their distribution 
correspoiT^ closely with the veins. 

The superficial lymphatic vessels lie 
in the superficial fascia, and are 
divisible into two groups : a medial, 
which follows the course of the great 
saphenous vein ; and a lateral, which 
accompanies the small saphenous vein. 
The vessels of the medial group (fig. 697) 
are larger and more numerous than 
those of the lateral group, and com- 
mence on the tibial side and dorsum 
of the foot ; they ascend in front of 
and behind the medial malleolus, run 
up the leg with the great saphenous 
vein, pass with it behind the medial , 
condyle of the femur, and accompany 
it to the groin, where they end in the 
Subinguinal group of superficial lymjxh- 
glands. The vessels of the lateral 
group arise from the fibular side of the 
foot ; some ascend in front of the leg, 
and cross the tibia below the knee to 
join the lymphatics on the medial side 
of the thigh ; others pass behind the 
lateral m^^lus, and, accomjxanying 
the small saphenous vein, enter the 
popliteal lymph-glands. 


and lymphatic vessels 
extremity. 




1 ^^ 


I 
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The deep lymphatic vessels are few in number, and accompany the deep 
blood-vessels. In the leg, they consist of three sets, anterior tibial, posterior 
tibial, and peronseal, winch accompany the corresponding blood-vessels, two 
or throe with each artery ; they enter the popliteal lymph-glands. 

The deep lymphatic vessels of the glutasal and ischial regions follow the 
course of the corresponding blood-vessels. Those accompanying the superior 
glutseal vefj^ls end in a lymph-gland which lies on the intrapelvic portion 
of the superior glutssal artery, near the upper border of the greater sciatic 
foramen, Those following the inferior glutscal vessels traverse one or two 
small lymph-glands which lie below the Piriformis muscle, and end in the 
hypogastric lymph-glands. 


LYMPH-GLANDS OF THE ABDOMEN AND PELVIS 

The lymph-glands of the abdomen and pelvis may bo divided, from 
their situations, into : 1. parietal, lying behind the peritoneum and in close 
association ^*dth the larger blood-vessels ; and 2. visceral, which are found 
in relation to the visceral arteries. 


Ffo. 608. — Tlie parietal lyrnph-glatids of the pelvis. (Cuneo and Marcille.) 
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1. The parietal lymph-glands (figs. 698, 699) include the foUowing groups; 


External iliac. 
Common iliac. 
Inferior epigastric. 


Iliac circumflex. 
Hypogastric. 


Sacral. 


Lumbar 


Lateral aortic. 

Pre-aortic. 

Betro-aortic, 
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The external iliac l3rmph-glands, from eight to ton in number, lie along 
the external ihac vessels. They are arranged in three groups, one on the lateral, 
another on the medial, and a third on the anterior aspect of the vessels ; the 
third group is, however, sometimes absent. Their principal alferents are 
derived from the inguinal and subinguinal lymph-glands, the deep lymphatic 
vessels of the abdominal wall below the umbilicus and of the adductor region 
of the thigh, and the lymphatic vessels from the glans penis vcl clitoridis, 
the membranous urethra, the prostate, the fundus of the urinary bladder, the 
cen^ix uteri, and upper part of the vagina. 


Fig. 699. — Iliopolvic lymph-glands (lateral view). (Cuneo and Marcille.) 
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The common iliac lymph-glands, four to six in number, are grouped behind 
and on the sides of the common iliac artery, one or two (subaortic) being placed 
below the bifurcation of the aorta^ in front of the fifth lumbar vertebra. They 
drain chiefly the hypogastric and external iliac lymph-glands, and their efferents 
pass to the lateral aortic lymph-glands. 

The inferior epigastric lymph-glands, three or four in number, arc iJaced 
alongside the lower portions of the inferior epigastric vessels. 

The iliac circumflex lymph-glands, two to four in number, lie along the 
course of the deep Uiac eixeumuex vessels ; they are sometimes absent. 

The hypogastric lymph-glands (fig. 099) surround the hypogastric vessels, 
and receive the lymphatic vessels corresponding to tli (3 distribution of the 
branches of the hypogastric artery, i.e. they receive lymphatic vessels from all 
the pelvic viscera, from the deeper parts of the perinadum, including the mem- 
branous and cavernous portions of the urethra, and from the buttock and 
back of the thigh. An obturator lymph-gUind is sometimes present in the 
upper part of the obturator foramen. 

The sacral lymph-glands are placed in the concavity of the sacrum, 
in relation to the middle and lateral sacral arteries ; they receive lymphatic 
vessels from the rectum and posterio||^all of the pelvis. 
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The efferents of the hypogastric and sacral groups end in the common iliac 
lymph-glands. 

The lumbar l]rmph-glands are very numerous, and consist of right and 
left lateral aortic, pre-aortic, and retro-aortic groups. 

The right lateral aortic lymph^landa are situated partly in front of the 
inferior vena cava, near the termination of the renal vein, and partly behind 
it on thCT'^rigin of the Psoas major, and on the right crus of the Diaphragm. 
The left lateral aortic lymph-glands form a chain on the left side of the abdommal 
aorta in front of the origin of the Psoas major and left crus of the Diaphragm. 
The lymph-glands on cither side receive (a) the efferents of the common inao 
lymph-glands ; (6) the lymphatics from the testis in the male and from the 
ovary, uterine tube, and body of the uterus in the female ; (c) the lymphatics 
from the kidney and suprarenal gland ; and (d) the lymphatics draining the 
lateral abdominal muscles an‘d accompanying the lumbar veins. Most of 


Pin. 700.— liyinphatics of stomach, &c. (Jamieson and Dobson.) 
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the efferent vessds of the lateral aortic lymph-glands converge to form the 
right and left lumbar trunks which join the cisterna chyli, but some enter the 
pre- and retro-aortic lyrnph-gland.s, and others pierce the crura of the Dia- 
phragm to join the lower end of the thoracic duct. The pre-aortic lymph-glands 
lie in front of the aoiia, and may be divided into ccdiac, superior mesenteric^ and 
inferior mesenteric groups, arranged around the origins of the corresponding 
arteries. They receive a few vessels from the lateral aortic lymph-glands, 
but their principal afferonts are derived from the viscera supplied by the three 
arteries with which they are associated. Some of their efferents pass to the 
retro-aortic lymph-glands, but the majority unite to form the intestinal trunk, 
which enters the cisterna chyli. The retro-aortic lymph-gh/n^ are placed 
below the cisterna chyli, on the bodies of the third and fourth lumbar vertebras. 
They receive lymphatic vessels from the lateral and pre-aortic lymph-glands, 
while their efferents end in the cisterna chyli. 

2. The visceral lymph-glands are associated with the branches of the 
eosliac, superior and inferior mesenteric arteries. Those related to the branches 
of the coeuac ^ery form three sets, gastric, hepatic, and pancreaticolienal. 

The gastric lymph-glands (figs. 700, 701) consist of two sets, superior and 
inferior. 

superior gastric lymph-glands accompany the left gastric artery and are 
divisible into three groups, viz. : {a) upper, on the stem of the artery ; (h) lower, 
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accompanjing the descending branches of the artery along the cardiac half of 
the lesser curvature of the stomach, between the two layers of the lesser omentum ; 
and (c) pa/racardidly disposed in a manner comparable to a chain of beads around 
the neck of the stomach (Jamieson and Dobson).* They receive their afferents 
from the stomach, and also some vessels from the pylorus ; their efferents pa-ss to 
the cceliac group of pre-aortio lymph-glands. 

The inferior gastric lymph-glands, four to seven in number, lie between the 
two layers of the greater omentum along the pyloric half of the greater curvature 
of the stomach. They receive afferents from the stomach ; their efferents mostly 
pass to the subpyloric lymph-glands. 

Fig. 701. — Lymphatics of stomach, ikc. 'Hie stomach has been turned upwards. 

and Dobson.) 



The hepatic lymph-glands (fig. 700) consist of the following groups : 
(a) hepatic, on the stem oF tho hepatic artery, and extending upwards along the 
common bile-duct, betw'een the two layers of the lessor omentum, as far as tho 
porta hepatis ; one member of this group, the cystic lymph-gland, is placed near 
the nock of the gall-bladder ; (6) subpyloric, four or five in number, in close 
relation to the bifurcation of the gastroduodenal artery, in tho angle between 
the superior and descending parts of the duodenum ; an outlying member 
of this group is sometimes found above the duodenum on the right gOvStric 
(pyloric) arteiy. Tho lymph-glands of tho hepatic chain I'eceivo afferents 
from the stomach, duodenum, liver, gall-bladder, and pancreas ; their efferents 
join tho cocliac group of pre-aortio lymph-glands. 

The pancreaticolienal lymph-glands (fig. 701) accompany the lienal 
(splenic) artery,^ and are situated in relation to the posterior smfaco and upper 
border of the pancreas ; one or two members of this group are found in the 

i • 

* Ltmca, Ayril 20 and 27, 1907. 
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gastrolienal ligament (Jamieson and Dobson, loc. cit.). Their afEerents are 
derived from the stomach, spleen, and pancreas ; their efferents join the 
coeb'ac group of pre-aortic lymph-glands. 

The superior mesenteric lymph-glands may be divided into throe 
principal groups : mesenteric, ileocolic, and mosocolic. 

The mesenteric lymph-glands lie between the layers of the mesentery. They 
vary freis .pno hundred to one hundred and fifty in number, and consist of 
three sets, viz. : one lying close to the wall of the small intestine, amongst 
the terminal twigs of the superior mesenteric artery ; a second, in relation 
to the loops and primary branches of the jejunal and ileal vessels ; and a 
third along the upper part of the trunk of the superior mesenteric artery. 

Applied Aiiaionuj , — Enlargement of the mesenteric lymph-glands is seen in most 
diseased conditions of the intestinal tract, and is well marked in enteric fever, tuberculous 
ulceration or malignant growths of the bowel. The enlarged lymph-glands can often be 
palpated through the wall of the abdomen. 


Fk;. 702.— The lymphatics of cLccum and vermiform process, from the front. 
(Jamieson and Dobson.) 
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The ileocolic lymph-glands (figs. 702, 703), from ton to twenty in number, 
form a chain around the ileocolic artery, but show a tendency to subdivision 
into Iavo groups, one near the duodenum and another on the lovt^er part of 
the trunk of the artery. Where the vessd divides into its terminal branches 
the chain is broken up into several groups, viz. : (a) ileah in Felation to the 
ileal branch of the artery ; (6) anterior ileocolic, usually of three glands, in 
the ileocolic fold, near the wall of the csscum ; (c) posterior ileocolic, mostly 
placed in the angle between the ileum and the colon, but p^ly lying behind 
the caecum at its junction with the ascending colon ; (d) a single gland in the 
mesentoriole of the vermiform process ; (e) right colic, along the medial side 
of the ascending colon. 

The mesocolic lymph-glands are numerous, and lie between the layers of 
the transverse mesocolon, in close relation to the transverse colon ; they ore 
best developed in the neighbourhood of the right and left coUc flexures. One 
or two small lymph-glands are occasionally seen along the trunk of the right 
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colic artery, and others are found in relation to the trunk and branches of 
the middle colic artery. 

The superior mesenteric lymph-glands receive aflerents from the jejunum, 
ileum, cascum, vermiform process, and the ascending and transverse parts of the 
colon ; their efferents pass to the superior mesenteric group of pre-aortic 
lymph-glands. 

The inferior mesenteric lymph-glands (fig. 704) consist of : {a) small 
glands on the branches of the left colic and sigmoid arteries ; (6) a group in 
the sigmoid mesocolon, around the superior hssmorrhoidal artery ; and (c) a 
'pararectal group in contact with the muscular coat of the rectun\. They 
drain the descending and sigmoid parts of the colon and the upper part of tliV 
rectum; their efferents pass to the inferior mesenteric group of pre-aoi*tic 
lymph-glands. 


LYMPHATIC VESSELS OF THE ABDOMEN AND PELVIS 

The lymphatic vessels of the abdomen and j)<5lvis may be divided into 
1. parietal and 2. visceral. 

1. The parietal lymphatic vessels consist of two sets, supci-fieial and 
deep. 

The superficial lymphatic vessels follow the comse of the superficial blood- 
vessels, and converge to the superficial inguinal lymph-glands ; those derived 


Fio. 703 — The lymphatics of the ciecuiii aud voriniforni process, horn 
(Jamiesou and Dobson.) 
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from the skin of the front of the abdomen below the umbilicus follow the. cjourse 
of the superficial epigastric vessels, and those from the sides of the lumbar part 
of the abdominal wall pass along the crest of the ilium, with the superficial 
iliac circumflex vessels. The superficial lymphatic vessels of the glutasal region 
turn horizontally round the buttock, and join the superficial inguinal and 
subinguinal lymph-glands. 

The deep lymphatic vessels run alongside the principal blood-vessels. Thosci 
of the parietes of the pelvis, which accompany the superior and inferior glutaeal 
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and obturator veeqels, follow the course of the hypogastric artery, and ultimately 
join the lateral aortic lymph-glands. 

Lymphatic veas^ of the perineeum and external genitals. — 'The lymphatic 
vessels of the perinaeum, of the skin of the penis, and of the scrotum (or vmya) 
follow the course of the external pudendal vessels, and end in the superiicwl 
inguina^'^nd subinguinal lymph-glands. Those of the glans penis (vel clitondis) 
terminate partly in the deep subinguinal lymph-glands and partly m the 
external iliac lymph-glands. 

2. The visceral lymphatic vessels consist of : (1) those of the sub- 
diaphragmatic portion of the digestive tube and its associated glands, the 


Fio. 704. — liVinpliaticR of colon. (.Jsiidcson and Dobson.) 



liver and pancreas ; (2) those of the spleen and suprarenal glands ; (3) those 
of the urinary organs ; (4) those of the reproductive organs. 

(1) The lymphatic vessels of the stibdiaphragmatic portion, of the digestive 
tube are situated partly in the mucous membrane and partly in the scto- 
muscular coats, but as the former system drains into the latter, the two may 
be considered as one. 

Kie lymphatic vemds of the (figs. JQQt JZ2,1) are continuous at the 

caxterWWee'MtKYBbse of the cb^ophagus, and at the pylonis with those of 
the duodenum. They mainly follow the blood-vessels, and mav be arranged 
in four sets. The first set accompanies the branches of the left gastric arb^, 
reedves tributa«rie8 from a large area on either surface of the stomach, ami 
twminates in the superior gastric lymph-glands. Those of the seccmd set drain 
the fundus and body of the stomach on the ltdt of a lino drawn vertically from 
the oesophagus ; they awompany, more or less closely, the short gastijo and 
Idft gastro-epiploic arteries, and end in the pancreaticolienal lymph-giands. 
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The third set dreins the right i>art of the greater curvature as far as the pyloric 
portion, and ends in the inferior gastric lymph-glands, the efferents of which 
pass to the subpyloric grpup. Those of the fourth set drain the pyloric portion 
anc^ass to the hepatic, subpyloric, and superior gastric lymph-glands. 

lie lymphatic vessds of the duodenum consist of an anterior and a posteiior 
set, iwhid open into a series of small pancreaticoduodenal lymph^glands, on the 
anterior and posterior aspects of the groove between the head of the pancreas 
and the duodenum. The efferents of these glands run in two directions, 
upwards to the hepatic lymph-glands, and downwards to the pre-aoiiiic lymph- 
glands around the origin of the superior mesenteric artery. 

The lymphatic vessels of the jejunum and ileum are termed lacteals, from the 
milk-white fluid they contain during intestinal digestion. They run between 
the layers of the mesentery and enter the mesenteric glands, the efferents 
from which end in the pre-aortic lymph-glands. 

The lymphatic vessels of the vermiform process and ctzcum (figs. 702, 703) 
are numerous, since in the wall of the vermiform process there is a large amount 
of adenoid tissue. From the body and tail of the vermiform process eight to 
fifteen vessels ascend between the layers of the mesenteriole, one or two being 
interrupted in the lymph-gland which lies between the layers of this peritomeal 
fold. They unite to form three or four vessels, whioh end x^artly in the lower 
and partly in the upper lymph-glands of the ileocolic chain. The vessels from 
the root of the vermiform process and from the cjecum consist of an anterior 
and a posterior group. The anterior vessels x)ass in front of the (jjecum, and 
end in the anterior ileocolic lymph-glands and in the upper and lower lymph- 
glands of the ileocolic chain ; the posterior vessels ascend over the bacli of 
the caecum and terminate in the posterior ileocolic lymi)h-glands and in tlic 
lower lymph-glands of the ileocolic chain. 

Lymphatic vessels of the colon (fig. 704). — The lymphatic vessels of the 
ascending and transverse parts of the colon end in the mesenteric lymph-glands, 
after traversing the right colic and mesocolic lymph-glands. Those of the 
descending and sigmoid parts of tho colon are interrupted by the small lympli- 
glands on the branches of the left colic and sigmoid arteries, and ultimately end 
in the pre-aortic lymph-glands around tho origin of the inferior mesenteric ai'tory. 

Lymphatic vessels of the anuSy anal canal, and rectum, — The lymphatics from 
the anus pass forwards and end with those of the integument of the perindcum 
and scrotum in the superficial inguinal lymph-glands ; those from the anal canal 
accompany the middle and inferior haemorrhoidal arteries, and end in the 
hypogastric lymph-glands ; while those from the rectum traverse tho pararectal 
lymph-glands and pass to tho lymph-glands in the sigmoid mesocolon ; the 
efferents from the latter terminate in the pre-aortic lymph-glands around the 
origin of the inferior mesenteric artery. 

The lymphatic vessels of the, liver are divisible into two sets, superficial and 
deep. The former arise in the subperitonoal areolar tissue over the entire 
surface of the organ, and may be grouped into : (u) those on the convex suiface, 
(6) those on the inferior surface. 

(a) On the convex surface, — ^The vessels from tho back part of this surface 
reach their terminal lymph-glands by three different routes ; the vessels of tho 
middle set, five or six in number, pass through the vena-caval foramen in tho 
Diaphragm and end in one or two lymph-glands which are situated around 
the terminal part of the inferior vena cava ; a few vessels from the left side 
pass backwards towards the oesophageal hiatus, and terminate in tho paracardial 
group of superior gastric lymph-glands ; the vessels from the right side, one 
or two in number, run on the abdominal surface of the Diax)liragm, and, after 
crossing its right crus, end in the pre-aortic lymph-glands which surround the 
origin of the coeliac artery* From the portions of the right and loft lobes 
adjacent to the falciform ligament, the lymphatic vessels converge to form 
two trunks, one of which accompanies tho inferior vena cava through tho 
Diaphragm, and ends in the lymph-glands around the terminal part of this 
vessel; the other runs downwards and forwards, and, turning round the 
anterior sharp margin of the liver, accompanies the upper part of the liga- 
montfim teres, and ends in the upper hepatic lymph-glands. From the anterior 
suiiaoe a few additional vessdb turn round the anterior sharp margin to reach 
the upper hepatic lymph-glands. 
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(6) On the inferior atirface, — ^The vessels from this surface nuostly converge 
to the porta hepatis, and accompany the deep lymphatics emerging from the , 
porta to the hepatic lymph-glands ; one or two from the posterior 
the right and caudate lobes accompany the inferior vena cava through tho 
Diaphragm, and end in the lymph-glands round the terminal part of this vein. 

Tho vdeep lymphatics converge to ascending and descending trunks. Ihc 
ascending trunks accompany the hepatic veins and pass through the Diaphragm 
to end in the lymph-glands round the terminal part of the inferior vena cava. 
The descending trunks emerge from the porta hepatis, and end in the hepatic 
lymx)h-glands. 

The lym'pluitic vessels of the gall-bladder pass to the cystic lymph-gland and to 
the hepatic lymph-glands in the porta hepatis ; those of the common bile-duct 
to the hepatic lymph-glands alongside the duct and to the upper pancreatico- 
duodenal lymph-glands. 


Fio. 705. — LymphalLcs of the urinarj' bladder. (Cuneo and Mai-fille.) 
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The lymphatic vessels of the pancreas follow tho course of its blood-vessels. 
Most of them enter the pancreaticolienal lymph-glands, but some end in tho 
pancreaticoduodenal lymph-glands, and others in tho pre-aortic lymph-glantL 
near the origin of tho superior mesenteric artery. 

(2) The lymphatic vessels of the spleen and suprarenal glands. 

The lymphatic vessels of the spleen^ both superficial and deep, accompany the 
splenic blood-vessels and pass to the pancreaticolienal lymph-glands. 

Tho lymphatic vessels of the suprarenal glands usually accompany tho supra- 
renal veins, and end in the lateral aortic lymph-glands; occasionally some 
of them pierce the crura of the Diaphragm and end in the lymph-glands of 
the posterior mediastinal cavity. 

(3) The lymphatic vessels of the urinary organs. 

The lymphatic vessels of the kidney form throe plexuses : one in the substance 
of the kidney, a secemd bejuoath its fibrous capsule, and a third in the perinephric 
fat ; tho second and third communicate freely with each other. ^ 

The vessels from the plexus in tho substance of tho kidney converge to form 
four or five trunks which issue at the hilum. Here they are joined by vessels 
from the jilexus under the capsule, and, following the course of the renal vein 




The lymphatic vessels of the urinary bladder (lig. 705) begin in two plexuses, 
an intra- and an oxtra-muacnlar, it being generally admitted that the mucous 
membrane is devoid of lymphatics.* The efferent vessels are arranged in two 
groups, one from the anterior and another from the posterior surface of the 
bladder. The vessels from the anterior surface pass to the external iliac lymph- 
glands, but in the course of these vessels minute lymph-glands are situated. 
These minute lymph-glands are arranged in two groups, an anterior vesical , in 

* Some authorities maintain that a plexus of lymphatic vessels does in the mucous 
membrane of the bladder (consult Midecine operatoire des Votes vrimires, par J. Albarran, 
Paris, 1909). 
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front of the bladder, and a lateral vesica^ in relation to the lateral umb^cal 
ligament. The v^aels from the 'posterior surface pass to the hypogastn^ 
external, and common iliac lymph-glands ; those draining the iippor part 
of this surface traverse the lateral vesical lymph-glands. 

The lymphatic vessels of the prostate (fig. 706) terminate chiefly in the hypo- 
gastric sacral lymph-glands, but one trunk from the posterior surface ends 
in the external iliac lyrnph-glands, and another from the anterior surface joins 
the vessels which drain the membranous part of the urethra. 



a. Efteieiitti to lua*ral aortic lyiiiph-isJand». fr, e, d. ElterciiU to external iliac lymph-glands, 
e. Xetwork on lateral aspect of cervix uteri. /. Lyiuph-glauds In front of sacral promontory, Effe- 
rents to lymph-glands in front of sacral promontory, h. Hypogastric lymph-glands. %. Lateral sacral 
lymph-glancb. i. Vessels draining info hypogastric lymph-glands, k. Vp».'«els passing to lateral 
‘<acral lymph-glands. 


Lymphatic vessels of the urethra , — ^The lymphatics of the cavernous portion 
of the urethra accompany those of the glans penis, and end with them in the 
snjjerficiai and deep subinguinal and external iliac lymph-glands. Those of 
the membrano'as and prostatic portions, and those of the whole urethra in the 
female, pass to the hypogastric lymph-glands. 

(4) The lympfuitic vessels of the repr^uctive organs, 

TSie lymphatic Desecls of the Uslis oi two »cts, supcjrficial and deep 

the former commencing on the surface of the tunica vaizinalis thc^ it! 

tho ^didymi8 and bexty <rf tho testis Ibey form from fom to eight collS£ 
tnmks which ascend with the testicular veins m tho spermatic cord andS 


* •• The Lymphatics of the Tosticlo." by Jamieson and Dobson. Imtel, teb. li - 
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The lymphatic veasds of the ductus deferens pass to the external iliac lymph- 
^nds ; those of the vestculce aeminales partly to the hypogastric and pai*tly 
to the external iliac lymph-glands. 

The lymphatic vessels of the ovary are similar to those of the testis, and 
ascend with the ovarian artery to the lateral and pre-aortic lymph-glands. 

The lymphatic vessels of the uterine lube pass partly with those of the ovary 
and partly with those of the utems. 

The lymphatic vessels of the uterus (fig. 707) consist of two sets, superficial 
and deep, the former being placed beneath the i^eritoneum, the latter in the 
substance of the organ. The lymphatics of the cervix uteri run in three 
dii'cctions transversely to the external iliac lymph-glands, posterolaierally 
to the hypogastric lymph-glands, and posteriorly to the common iliac lymph- 
glands. The majority of the vessels of the body and fundus of the uterus pass 
lateralwards in the upper parts of the broad ligaments, and ascend alongside 
the ovarian vessels to the lateral and pre-aortic lymph-glands ; a few, however, 
run to the external iliac l 3 rmph-glan!ds, and one or two run along the round 
ligament of the uterus to the superficial inguinal lymph-glands. In the un- 
impregnated uterus the lymphatic vessels arc very small, but during gestation 
they are greatly enlarged. 

The lymphatic vessels of the vagina arc cairied in three directions : those of 
the upper part to the external iliac lymph-glands, those of the middle part 
to the hypogastric lymph-glands, and those of the lower part to the common 
iliac lymph-glands. On the course of the vessels from the middle and lower 
parts small lymph-glands are situated. Some lymphatic vessels from the 
lower part of the vagina join those of the vulva 
and pass to the superficial inguinal lymph-glands. 

The lymphatic vessels of the vagina anastomose 
with those of the cervix uteri, vulva, and rectum, 
hut not with those of the bladder. 


I'JG. 708. — The right stomal 
oi* internal mammary lyinpli- 
glarnls (E. I*. Stibbe). 
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The lymph-glands of the thorax may be 
divided into : 1. parietal and 2. visceral — the 

former being situated in the thoracic wall, the 
latter in relation to the viscera. 

1. The parietal lymph-glands include the 
sternal, intercostal, and diaphragmatic glands. 

(a) The sternal or internal mammary 
lymph-glands are four or five in number on each 
side, and are placed (fig. 708) at the anterior ends 
of the intercostal spaces, by the side of the internal 
mammary artery.* They derive afferents from 
tne mamma, from the deeper structures of the 
anterior abdominal w'^oU above the level of the 
umbilicus, from the upper surface of the liver 
through a small group of lymph-glands w^hich lies 
beliiiid the xiphoid process, and from the deeper 
parts of the anterior portion of the thoracic wall. 

’ Their efferents usually unite to form a single trunk 
on either side ; this may open directly into the 
junction of the internal jugular and subclavian 
veins, or that of the right side may join the right subclavian trunk, find that 
of the left the thoracic duct. 

(b) The intercostal lymph-glands lie in the posterior parts of the inter- 
postal spaces and in front of the heads of the ribs. They receive the deep 
lymphatics from the posterolatOTal aspect of the chest ; some of these vessels 
are interrupted by small lateral intercostal Isrmph-glands. Thp efferents of the 
lymph-^atids in the lower four or five spaces unite to form a trunk, which 
descends and opens either into the cistema ohyli or into the commencement 
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of the thoracic duct. The efferents of the lymph^glands in the upper spaces 
of the left side end in the thoracic duct ; those of the corresponding right, 
spaces, in the right lymphatic duct. 

(c) The diaphragmatic lymph-glands lie on the thoracic aspect of the 
Diaphragm, and consist of three sets, anterior, middle, and posterior. 

The anterwr set comprises (a) two or three small lymph-glands behind the 
base of thcT-lsiphoid process, which receive afferents from the convex surface 
of the liver, and (6) one or two lymph-glands on either side near the junction 


i’lG. 700. — Tho tracheobronchial lymph^glands. (From a figure 
designed by M. Hallc\) 
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of the seventh rib with its cartilage, which receive lymphatic vessels from 
the front part of the Diaphragm. The efferent vessels of the anterior set 
pass to the sternal lymph-glands. 

The middle set consists of two or three lymph-glands on either side close 
to where the phrenic nerves enter the Diaphragm. On the right side some of 
the lymph-glands of this group lie mthin tho fibrous wall of the pericardium, 
on tlie front of the termination of the inferior vena cava. The afferents of 
this set are derived from tho middle part of the Diaphragm, those on the right 
side also receiving afferents from the convex surface of the liver. Their efferents 
pass to the posterior mediastinal lymph-glands. 

The posterior set consists of a few lymph-glands situated on tho back of the 
crura of the Diaphragm, and connected on the one hand with the lumbar 
lymph-glands, and on tho other with the posterior mediastinal lymph-glands. 

2. The visceral lymph-glands consist of three groups, viz. anterior 
inediastina), posterior mediastinal, and tracheobronchial. 
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The anterior mediastinal lymjph-glands are placed in the anterior part 
of the superior mediastinal cavity, in front of the aortic arch and in relation 
to the innominate veins and the large arterial trunks which arise from the 
aortic arch. They receive afferents from the thymus and pericardium, and 
from the sternal lymph'glands ; their efferents unite with those of the tracheo- 
bronchial lymph-^nds, to form the right and loft bronchomediastinal trunks. 

The posterior mediastinal lymph-glands lie behind the pericardium in 
relation to the oesophagus and descending thoracic aorta. Their afferents are 
derived from the oesophagus, the posterior part of the pericardium, the Dia- 
phragm, and the convex suriace of the liver. Their efferents mostly end in 
the thoracic duct, but some join the tracheobronchial lymph-glands. 

The tracheobronchial lymph-glands (fig. 709) form four main groups, 
and include some of the largest lymph-glands in the body : (a) tracheal, on 
either side of tho trachea ; (6) bronchial, in the angles between the lower part 
of the trachea and bronchi, and in the angle between tho two bronchi ; (c) 
hroKwhopulnionary, in the hilum of each lung ; and {d) pulmonary, in the lung 
substance, on tho larger branches of the bronchi. The afferents of the tracheo- 
bronchial lymph-glands drain the lungs and bionchi, tho thoracic part of 
the trachea, and the heart ; some of tho efferents of the posterior mediastinal 
lymph-glands also end in this group. Their efferent vessels ascend upon 
the trachea and unite with efferents of the internal mammary and anterior 
mediastinal lymph-glands to form the right and left bronchomediastinal trunks. 
The right 'bronchomediastinal trunk may join tho right lymphatic duct, and 
the left the thoracic duct, but more frequently they open independently of 
these ducts into the junction of the internal jugular and subclavian veins 
of their own side. 

I 

Applied Anatomy . — In all town-dwellers there arc coiitimmlly being swept into theso 
lymph-glands from the bronchi and alveoli largo quantities of thcj dust and black ear- 
honaooous pigment that aro so freely inhaled in cities. At Jirst the lynipli-glanda arc 
iiiodoratcly enlarged, firm, inky black and gritty on section; later they enlarge still 
further, oficn becoijning libroua from tho irritation sot by tho minute foreign bodices 
with which they aro crammed, and may break down inlo »ft slimy mass or may calcify. 
Tn tuberculosis of tho lungs theso lymph-glands aro practically always infected; they 
enlarge,' being filled with tuberculous deposits that may soften, or become fibrous, or 
calcify. Not infrequently an enlarged tuberculous lymph-gland perforates into a bron- 
chus, discharging its coTitenbs into the tube. When this lia])pcns there is great danger 
of acute pulmonary tuberculosis, tho infecting gland-substanoc, being rapidly spread 
throughout the bronchial system by the coughing its presence in the air-passages excites. 

Tuberculous infection with considerable enlargement of the tracheobronchial glands 
is common in children. It produces a characteristic patch of impaired resonance on 
percussion, with increase in the vocal fremitus and resonance and harsh ])ronchi}il breath- 
sounds, over a diamond-shaped area on the back about the region of tho third, fourth and 
fifth dorsal vertebral spines. Tt is thought, too, that enlargement of theso glands pro- 
duces an irritative dry co\igh in children, by pressure on the pulmonary nerves in their 
neighbotirhood. Enlargement of those glands can best be diagnosed by use of the x-rays, 
and, it must bo remembered, is not by any means always duo to infection with tubercle 
bacfilli. 


LYMPHATIC VESSELS OF THE THORAX 

The lymphatic vessels of the thorax may be divided into : 1. those of the 
thoracic wall and 2. those of the thoracic viscera. 

1. Tho superficial lymphatic ves^ds of the thoracic wall ramify beneath tho 
skin and converge to the axillary lymph-glands. Those over the Trapezius 
and Latissimus dorsi run forwards and unite to form about ten or twelve 
trunks which end in tho subscapular group. Those over the pectoral region, 
including the vessels from tho skin covering the peripheral part of the mamma, 
run backwards, and those over the Serratus anterior upwards, to tho pectoral 
group.’ Others near the lateral margin of tho sternum pass inwards between 
the rib cartilages and end in tho sternal lymph-glands, while tho vessels of 
opposite sides anastomose across the front of the sternum. A few vessels 
from the upper part of th© pectoral region ascend over the clavicle to the 
supraclavioular group of cervical lymph-glands. 

O.iU 3a 
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The lymphatic vessels of the mamma originate in a plexus in the interlobular 
spaces and on the walls of the galaetophorous ducts. Those from the central 
part of the mamma pass to an intricate plexus situated beneath the areola, a 
plexus which receives also the lymphatics from the skin over the central part 
of the mamma and those from the areola and nipple. Its efferents are collected 
into two trmks which pass to the pectoral group of axillaiy lymph-glands. The 
vessels which drain the medial part of the mamma pierce the thoracic wall 
and end in the sternal lymph-glands, while a vessel occasionally emerges from 
the upper part of the mamma and, piercing the Pectoralis major, terminates 
in the subclavicular lymph-glands (fig. 694). 

The deep lymphatic vessels of the thoracic wall consist of : 

(a) The lymphatics of the muscles which lie on the ribs : most of these 
end in the axillary lymph-glands, but some from the Pectoralis major pass to 
the sternal lymph-glands. (6) The intercostal lymphatic vessels which drain 
the Intercostales and parietal pleura. Those draining the Intercostales oxtemi 
nm backwards and, after receiving the vessels which accompany the posterior 
branches of the intercostal arteries, end in the intercostal "lymph-glands. 
Those of the Intercostales intemi and parietal pleura consist of a single trunk 
in each spa(je. These trunks run forv^ards in the subpleural tissue and the 
upper six open separately into the sternal lymph-glands or into the vessels 
which unite them : those of the lower spaces unite to form a single trunk 
which terminates in the lowest of the sternal lymph-glands, (c) The lymphatic 
vessels of the Diaphragm which form two plexuses, c r.e on its thoracic and another 
on its abdominal surface ; these plexuses anastomose freely with each other, 
and are best marked on the parts covered respectively by the pleursB and 
peritoneum. That on the thoracic surface communicates with the lymphatics 
of the costal and mediastinal parts of the pleura, and its efferents consist 
of three groups : anterior, passing to the lymph-glands which lie near the 
junction of the seventh rib with its cartilage ; middle, to the lymph-glands 
on the oesophagus and to those around the termination of the inferior vena 
cava ; and iiosterior, to the lymph-glands which surround aorta at the 
point where this vessel leaves the thoracic cavity. The plexus on the abdominal 
surface is composed of tine vessels, and anastomoses with the lymphatics 
of the liver and, at the periphery of the Diaphragm, with those of the sub- 
poritoneal tissue. The efferents from the right h^f of this plexus terminate 
partly in a group of lymph-glands on the trunk of the corresponding inferior 
phrenic artery, while others end in the right lateral aortic lymph-glands. Those 
from the left half of the plexus pass to the pre-aortic and lateral aortic lymph- 
glands and to the lymph-glands on the terminal portion of the oesophagus. 

2. The lymphatic vessels of the thoracic viscera comprise those of the heart 
and pericardium, lungs and pleura, thymus, and oesophagus. 

The lymphatic vessels of the heart consist of two plexuses : (a) deep, 

immediately under the endocardium, and (6) superficial, subjacent to the 
visceral pericardium. The deep plexus opens into the superficial, the efferents 
of which form left and right collecting trunks. The left trunks, two or three 
in number, ascend in the anterior longitudinal sulcus, receiving, in their course, 
vessels from both ventricles. On reaching the coronary sulcus they are joined 
by a large trunk from the diaphragmatic surface of the heart, and then unite 
to form a single vessel which ascends between the pulmonary artery and the 
Irft atrium and ends in one of the tracheobronchial lymph-glands. The right 
trunk receives its afferents from the right atrium and from the right border 
and diaphragmatic surface of the right ventricle. It ascends in4he posterior 
longitudmal sulcus and then runs forward in the coronary sulcps, and passes 
up behind the pulmonary artery, to end in one of the tracheobronchial lymph*- 
^ands. 

The lymphatic vessels of the lungs originate in two plexuses, a superficial 
and a deep. The superficial plexus is placed beneath the pulmonary pleura ; 
the deep accompanies the branches of the pulmcmary vessels and the 
ramifications of the bronchi. In the case of the larger bronohi.the deep plexus 
consists of two networks — submucous, beneath the mucous membrane, 
and a peribronchial, outside the walls of the bronchi. In the smaller bronchi 
there is <but a single plexus, which extends as far as the bronchioles, but lails 
ip reach the alveoli, in the walls of which there are no traces of lymphatic 
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vessels. The superficial efferents turn round the borders of the lungs and 
the margins of their fissures, and converge to end in some lymph-glands situated 
at the Wlum ; the deep efferents are conducted to the hilum along the pul- 
monary vessds and bronchi, and end in the tracheobronchial lymph-glands. 
Little or no anastomosis occurs between the euperficial and deep lymphatics 
of the lungs, except in the region of the hilum. 

The lymphatic vessels of the pleura consist of two sets — one in the visceral 
and another in the parietal part of the membrane. Those of the visceral 
pleura drain into the superficial efferents of the lung, while those of the parietal 
pleura have three modes of ending, viz. : (a) those of the costal portion join 
the lymphatics of the Intercostales interni and so reach the sternal lymph- 
glands ; (6) those of the diaphragmatic part are drained by the efferents of the 
Hiaphragm ; while (c) those of the mediastinal portion end in the posterior 
mediastinal lymph-glands. 

The lymphatic vessels of the thymus end in the. anterior mediastinal, 
tracheobronchial, and sternal lymph-glands. 

The lymphatic vessels of the oesophagus form a plexus round that tube, and 
the collecting vessels from the plexus drain into the posterior mediastinal 
lymph-glands. 



NEUROLOGY 


rilHE nervous system is the most complicated and highly organised of 
1 the various systems which make up the human body. It is built up of 
nervous and non-nervous tissues — the former consisting of nerv^e-cells and 
nerve-fibres, the latter of neuroglia and blood-vessels, together with certain 
enveloping membranes. 

An outline of the development of the nervous system is given on pp. 85 
to 109, and the minute structure of the nervous elements and neurogba is 
d('.scribed on pp. 34 to 40. 

The nervous system is usually divided, for doseriptive purposes, into the 
cerebrospinal and sympathetic systems, but tins di^dsion is an arbitrary one, 
for the two are intimately connected. ^ 

The cerebrospinal system is composed of a central ojruk a peripheral 
part. The central part consists of an upper expanded portiofA. Jte encephalon 
or brain, which js contained within the cranium, and a low’cr, elongated, cylin- 
drical portion, the medulla spinalis or spinal cord, wiiich is lodged in the vertebral 
canal. The two x>o»'tions are continuous with one another of the level of the 
upper border of the at* as vertebra, and together constitute the central nervous 
system or cerebrospinal axis. The peripheral part consists of a series of cerebro- 
spinal nerves which uni e the central nervous system to olie various parts 
of the body, and are associated with the functions of IIk' special and general 
senses, and witli the voluntary movements of the body. These nerves are 
forty -three in number on cither side — ^twelve ceiebral, attached to the brain, 
and thirty-one spinal, to tlvo mediilla spinalis. 

The sympathetic nervouu system transmits inix^ulscs which bring about 
the constriction of the arteries, is^gulate the movements of the viscera [and 
iris (in association with certain cerebrospinal nerves), stimulate the arrectores 
pilorum musclos, and excite the secretion of the sudoriferous glands. It 
comprises two rows of central tjanglia, one on either side of the middle lino in 
front of the vertebral column, the ganglia of each row being united by vortical 
strands of nerve-fibres, so as to constitute a pair of knotted cords, named the 
sympathetic trunks. These trunks reach from the base of the skull to the 
coccyx and are connected to the moduUa spinalis and spinal nerves by what 
are termed white and grey rami communicant es. Nerves issue from the ganglia 
of the sympathetic trunks and form three great prevertcbral plexuses which 
supply the thoracic, abdominal and iiclvic viscera ; in relation with the walls 
of the viscera intricate nerve -plexuses and numerous peripheral gan/glia are 
found. 

The tvhiie rami communicanles consist of fine meduUated fibres which originate 
in the cells of the lateral grey column of the medulla spinalis, and pass tlmough 
the thoracic and the first and second lumbar nerves to the ganglia of the 
sympathetic trunk. These fibres are named preganglionic, and end by formings 
synapses around the cells of the sympathetic ganglia, while from the cells of 
those ganglia other fibres, termed postganglionic, and which are usually non- 
medullated, arise. Some of the postganglionic fibres pass directly, or though 
the x^revertebral plexuses, to the involunt/ary muscles of the vessels and viscera, 
while others mn, in the grey rami communicanles, from the ganglia of the 
sympathetic trunk to all the spinal nerves ; by these nerves they are conveyed 
to the blood-vessels, sudoriferous glands and arrectores pilorum mulKslesL 
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The preganglionio fibres do not all tenniuate in the ganglia of tlio sympathetic trunlts. 
Some, as will be described later, rnn through these ganglia to ceJUslations associated with 
the prevertebrjil plexuses. 

Fine medullated nerve-fibres, homologous with those which go from the 
medulla spinalis to the sympathetic trunks, issue from (a) certain cerebral 
nerves (e.g. oculomotor, facial, glossopharyngeal, vagus and accessory), and 
(b) from the second, third and fourth sacral nerves. These fibres do not join the 
sympathetic trunks, but terminate in peripheral ganglia, from the cells of 
which fibres pass to be distributed to secreting glands or involuntary muscle. 
These nerves, together with those of the sympathetic systcjn, are termed by 
physiologists auto'nomic nerves. The distinguishing characteristics of all 
autonomic nerves arc : (1) they consist of preganglionic medullated fibn^s 
originating in the central nervous system, and postganglionic fibres, usually 
non-raedullated. arising in the ganglia", and (2) they are distributed to structures 
wliose activity is involuntary. 


Structure of the Pepipheral Nerves ani^ Ganolia 

The cerebrospinal nerves consist of numerous nerve-fibres collected together 
and enclosed in membranous sheaths (fig. 710). A small bundle of fil>res, enclosed 


Fig. 710. — Transverse section of a part of a human tibial iutvo. X 50. 



in a tubular sheath, is called a funicidus ; if the nerve, be nniall , it inay consist of 
only a single funiculus ; but if large, it consists of several funiculi held together 
and invested by connective tissue ; this investment i.s known as the epineurium. 
Each funiculus is surrounded by a distinct sheath, the perineurium ; this consists 
of a fine, smooth, transparent membrane, which may be easily separated, in the 
form of a tube, from the fibres it encloses ; in structure it is made up of connective 
tissue, which has a lamellar arrangement. The nerve-fibres are held together 
and supported within the funiculus by delicate connective tissue called the endo- 
neurium ; it is continuous with septa which pass inwards from the mnermost 
layer of the perineurium, and shows a ground substance in which are imbedded 
fine bundles of fibroun connective tissue running for the most part longitudinallv. 
The cerebrospinal nerves consist almost exclusively of medullated nerve -fibres, only 
a . very small proportion of non-medullated fibres being present. 
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The blood-vessels supplying a nerve end in a minute capillary plexus, the vessels 
composing which pierce the perineurium, and run, for the most part, parallel with 
the fibres ; they are connected together by short, transverse vessels, forming 
naiTOw, oblong meshes, similar to the capillary system of muscle. Kne non- 
mcdullated nerve-fibres, vasomotor fibres, accompany these vessels, and break up 
into elementary fibrils which form a network around them. Horsley has demon- 
strated certain medullated fibres running in the epineurium and terminating in 
small spheroidal tactile corpuscles or end-bulbs of Krause. These nerve-fibres, 
which Marshall believes to be sensory, and wluch he has termed nervi nervorum, 
arc considered by him to have an important bearing upon certain neuralgic 
pains. 

The nerve-fibres pursue an uninterrupted course from the centre to the periphery. 
In separating a nerve, however, into its component funiculi, it may be seen that 
bundles of fibres from one funiculus occasionally join, at a very acute angle, another 
funiculus proceeding in the same direction ; from this, branches are given off, 
to join again in like manner with other funiculi. 

Nerves, in their course, subdivide into branches, and these frequently communi- 
cate with branches of a neighbouring nerve. The communications which thus take 
place form what is called a plexus. Sometimes a plexus is formed by the primary 
branches of the trunks of the nerves — :as the cervical, brachial, lumbar, and sacral 
plexuses — and occasionally by the terminal funiculi, as in the plexuses formed at 
the periphery of the body. In the formation of a plexus, the component nerves 
divide, then ]oin, and again subdivide in such a complex manner that the individual 
funiculi become interlaced most intricately ; so that each branch leaving a plexus 
may contain filaments from aU the primary nervo trunks entering the plexus. 
In the formation also of smaller plexuses at the periphery of the body there is a 
free interchange of the funiculi and primitive fibres. In each case, however, the 
individual fibres remain separate and distinct. 

It is probable that, through this interchange of fibres, every branch passing 
off from a plexus has a more extensive connexion with the medulla spinalis than 
if it had proceeded to its distribution without forming connexions with other nerves. 
Consequently the parth supplied by these nerves have more extended relations 
with the nervous centres ; by this means, also, groups of muscles may be 
associated for combined action. 

The sympathetic nerves consist largely of non-medu dated fibres, collected in 
funiculi and enclosed in sheaths of connective tissue. There is, however, in these 
nerves a certain admixture of medullated fibres ; thus, the cervical portions of 
the sympathetic trunk and tli<' splanchnic nerves contain many medullated pre- 
ganglionic fibres. 

The cerebrospinal and sympathetic nerve-fibres convey various impressions. 
The sensory nerves, called also centripetal or afferent nerves, transmit to the nervous 
centres impressions made up5n the peripheral extremities of the nerves, and in 
this way tluj mind, through the medium of the brain, becomes conscious of external 
objects. The centrifugal or efferent nerves transmit impressions from the nervous 
centres to the parts to which the nerves are distributed, these impressions either 
exciting muscular contractioii, or influencing the process of secretion and possibly 
the processes of nutrition and growth. 

Origins of nerves. — The origin of a nerve is in some cases single— that is to say, 
the whole nerve emerges from the nervous centre by a single root ; in other in- 
stances the nerve arises by two or more roots which leave different parts of the nerve- 
centre, sometimes widely apart from each other. The point where the nerve-root 
or roots emerge from the surface of the nervous centre is named the superficial or 
apparent origin, but the fibres of the nerve can be traced for a certain distance 
into the substance of the nervous centre to some portion of the grey substance, 
which constitutes the deep or real origin of the nerve. The centrifugal or efferent 
nerve-fibres originate in the nerve-cells of the grey substance, the axis-cylinder 
processes of these cells being prolonged to form the fibres. In the case of the 
centripetal or afferent nerves the fibres spring from nerve-cells in the organs of 
special sense (e.g. the retina) or from nerve-cells in the ganglia. Having entered 
the nerve-centre they branch and send their ultimate twigs among its cells, without, 
however, uniting with them. 

Peripheral terminatioiifl of iierve8.~Nerv6-fibres terminate peripherally in 
various ways, and these may be conveniently studied in the sensory and motor 
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nerves respectively. The terminations of the sensory nerves are dealt with in tlie 
section on sense-organs. 

Motor nerves can be traced to muscular fibres either imstri])ed or striped. In 
the unstriped or involuntary muscles the nerves divide into numerous branches, 
which communicate and form fine plexuses. At the junctions of the branches 
small nucleated bodies (ganglion-cells) are situated. From the plexuses minute 
branches are given off, which divide and break up into the ultimate fibrils of which 
the nerves are composed. These fibrils course between the involuntary musclo- cells, 
and, according to Elischer, terminate on the surfaces of the cells, opposite the 
nuclei, in minute swellings. 

In the striped or vohintary muscle the nerves enter the sheath of the muscle, break 
up into fibres or bundles of fibres which form plexuses, and gradually divide until, 
as a rule, a single nerve-fibre enters a single muscular fibre ; if the muscular fibre 
be long, more than one nerve-fibre may enter it. Within the muscular fibre the 
nerve terminates in a special expansion, called by Kiihno*, who first accurately 
described it, a motor end-plate (fig. 711). The nerve-fibre, on approaching the 


Fig. 711, — Muscular fibres of Lacerta viridis with the torminations of nerves. 



a. Seen in proflle. P P. The nerve oml-plates. S S. 'I’he baw of the plate, consist hig of a granular 
in.ass witli nuclei, b. The same as seen in looking at a perfectly fresh tibre, the nerve-ends being pro- 
bably BtlU excitable. (The forms of the variously divided jdaU* can hardly be I’epresented in a woodcut 
by sufHciently delicate and pale contours to reproduce coriectly what Ls seen In Mature.) c. The same 
as seen two hours after death from poisoning by curare. 


muscular fibre, suddenly loses its medullary sheath, the neurolcmma becomes 
contiguous with the sarcolcmma of the muscle, and only the axis-cyliiuler enters 
the muscular fibre. There it at once spreads out, ramifying like the roots of a tree, 
immediately beneath the sarcolemma, and becomes imbedded in a layei* of granular 
matter, containing a number of clear, oblong nuclei, the whole constituting an 
end-plate from which the contractile wave of the muscular fibre is said to start. 

Ganglia are small aggregations of ncrve-ccUs. They arc found on thcj posterior 
roots of the spinal nerves ; on the sensory roots of the trigeminal, facial, glosso- 
pharyngeal, and vagus nerves, and on the acoustic nerves. They are also found 
in connexion with the sympathetic nerves. On section they are seen to consist 
of a reddish-grey substance, traversed by numerous white nerve-fibres ; they vary 
considerably in form and size ; the largest are found in the cavity of the abdomen ; 
the smallest, not visible to the naked eye, exist in considerable numbers upon the 
nerves ^stributed to the different viscera. Each ganglion is invested by a smooth 
and firm, closely adhering, membranous envelope, consisting of dense areolar tissue ; 
this sheath is continuous with the perineurium of the nerves, and sends numerous 
processes into the interior of the ganglion. 

In structure all ganglia are essentially similar, consisting of the same structural 
elements — viz. nerve-cells and nerve-fibres. Each nerve-cell has a nucleated sheath 
which is continuous with Aa neurolemma of the nerve-fibre with which the cell 
is connected. The rierve-^lls in the ganglia of the spinal nerves (fig. 712) are 
pyriform in shape, and each has a single process which acquires a medullary sheath 
soon after leaving the cell. * The process runs towards the centre of the gangtion, 
and dii^es in a T-shaped manner, one limb of the cross-bar entering the m^ulla 
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spiualLs, the other limb passing outwards t.o the periphery. In the sympathetic 
ganglia (fig. 713) the nervc-cells are multipolar and each has one axis-cylinder 
jnocess and several dendrons ; the axon emerges from the ganglion as a non- 
medullated nerve-fibre. The spinal and sympathetic ganglia differ somewhat 

Fi«i. 712.- ‘Tmiisvtjrse section of a spinal ganglion of a rabbit. 


a 



A. Ganglion 'a 20. a. Largo. eVur ncrvc-cell; Binall dcopl staining non e*cell ; c. nuclei uf 
capsule 350. The lines in the centre point to the corresponding colls iii the ganglion. 


in the size and disposition of the cells and in the number of nerve-fibres entering 
and leaving them. In the spinal ganglia (fig. 712) the nerve-cells arc much larger 
and for the most part collected in groups near the periphery, while the fibres, w'hich 
are mostly medullated, traverse the central portion of the ganglion ; wlierea.s 
in the sympathetic gaiif^lia (fig, 713) the cells are smaller and distributed in irregular 
groups throughout the wboUi ganglion ; the fibres also are irregularly scattered ; 
some of those ent-ering are medullated, while many leaving the ganglion are 
non-modullated. 


Neuron theory. -Thf3 nervc-ccll 
and its proccssi's collectively ( oii- 
stitute what is termed a iniuTon, 
.‘ind Waldcyer formulated the 
theory that the ne.rvous .system is 
built lip of mimcrous neurons, 
* anatomically and genetically in- 
dependent of <nie another.’ Ac- 
cording to this neuron theory the 
processes of one, neuron only conn', 
into contact, and arc nc.vcr in 
direct continuity, with those of 
other neurons; impulses being 
transmitted from one nerve-cell to 
another through the points of con- 
tact. This theory is bascnl on the 
following facts, viz. : (1) embryonic 
nerve-cells or nenroblasts are en- 
tirely distinct from one another; 
(2) when nervous tissues are stained 
by the Golgi method no continuity 
is seen even bctwc(?n neighbouring 
neurons; and (3) when degenera- 
tive changes occur in nervous tis- 
sue, either as the result of disease 
or experiment, they never spread 
from one neuron to another, but are 


Fio. 713. — Transverse section (,f a sympathetic 
ganglion of a cat. 
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A. Ganglion x 30. a. A nerve-cell x 350 


limited to the individual neurons, or groups of neurons, primarily affected. It uqust, 
however, be added that the validity of the neuron theory has been called in question by 
certain eminent histologists, who maintain that by the employment of more delicate 
histological ^thods, minute fibrils can be followed from one nerve-oell into another. 
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The Medulla Spinalis or Spinal Cord 


The medulla spinalis or spinal cord is the elongated, nearly oj’lindrical, 
part of the central nervous system which occupies the upper two-thirds of 
the vertebral canal. Its average length in the male is 46 cm. ; its weight 
is about 30 gms. It extends from the level of the upper border of the atlas 
vertebra to that of the lower border of the first, or upper border of the second, 
lumbar vertebra. Above, it is continuous with the brain ; below, it ends 
in the contis medullaris, from the apex 

of which a delicate non-nervous iilamont, 714.— Sagittal section of tl.o vov- 

the filum termiruile, descends as far as the tebnd canal to ahow the lower imi 
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first segment of the coccyx (tig. 714). <if the niedullfi spinalis and the 

The position of the medulla spinalis tiUna tf'rrninale. (T(‘stiit-.) 
varies with the movonienis of the vertebral m . 

column, its lower extremity being raised 
slightly when the column is Hexed. It 
also varies at different ]jeriods of life ; 
up to the third month of fcetal life the 1.^ 
medulla spinalis is as long as the vertebral yT 

canal, but from this stage onwards the 
vertebral column grows in length more 
rapidly than the medulla spinalis, so that 
by the end of the fifth month tlie lower 
end of the medulla spinalis is at the base 
of the sacrum, and at birth about the 
third lumbar vertebra. In the early 
embryo the nerve-roots pass transversely 
outwards to theit^ respective intervertebral i 
foramina, but owing to the relative in- 
equality in the rates of growth of the j v 
medulla spinalis and vertebral coluinn, " y 
the nerve-roots become more and more 
oblique in direction, so that in the iulult 
the lumbar and sacral nerves descend 
almost vertically to reach their foramina. 

From the ayjpearance these nerves present 
at their attachment to the medulla spinalis 
and from their great length they are 

collectively termed the cauda cquinti /|K7 

Tire medulla spinalis is ensheathed by W 

three protective membranes which arc Mf 

separated from each other by concentric ^ 

spaces. The membranes are named from n, t.v. Fir^fc jaihi luth lumbar vertebiiM 
without inwards the dura mater, the 

arachnoid, and the pia mater (fig. 715). nxlrmnityof medulla spfnalK 4. lutra-dural, 

mi j u and 5, Kxtra-dural portions of fllum torminalr. 

The d/WrOf Tfldteir , a strong, Ilbrous nicui- (J Atfai-JiiiU'.nt of fllum temiinale to first 

brane, forms a wide, tubular sheath which snipnent of coi-uyx. 

extends b^ow the termination of the 

medulla spinalis and ends in a pointed tMibde-sac at the level of the lower 
border of the second sacral vertebra. The dura mater is separated from 






Ll, T.v. Fiidt .and Hltii lumbar vertebriw 
Si I. Si' wild sacral vertebra. 1. Dura mater. 
2. j/ower part ot tube of dura muU;r. 3. Lower 
extremity of medulla 4. .lutra-duTal, 

and 5, Kxtra-dural portion!? of fllum torminale. 
0. Atfai:liiiU'.rit of fllum terminule to first 
getpnent of <:o<*.eyx. 


the wall of the vertebral canal by the epidural cavity, which contain.s a quantity 
of areolar tissue, fat, and a plexus of veins ; between the dura mater and tlie 
subjacent arachnoid is the subdural cavity, a capillary interval containing a 
small quantity of fluid, probably of the nature of lymph. The arachnoid is 
a thin, transparent sheath, and is separated from the pia mater by the sub^ 
arachnoid cavity, filled with cerebrospinal fluid. The pia mater closidy invests 
the medulla spinalis and sends delicate septa into its substance ; from each 
lateral surface of the ].>ia mater a fibrous band, named the ligameatum denticu- 
lahmt projects into the subarachnoid space, and is attached by a series of 
point^ processes to the inner surface of the dura maucr. 

Thirty-one pairs of spinal nerves spring from the medulla spnalis^ each 
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nerve having an anterior and a posterior root, the latter being ^tinguished 
by the presence of an oval swelling, the spinal ganglion^ which contains numerous 
nerve-cells. Each root consists of several bundles of nerve-fibres, and at its 
attachment extends for some distance along the side of the medulla spinalis. 
The pairs of spinal nerves are grouped as follows : cefvical 8, thoracic 12, 
lumbar 6, sacral 5, coccygeal 1, and, for convenience of description, the medulla 
spinalis is divided into cervical, thoracic, lumbar, and sacral regions, oorro- 
sponding attachments of the different ^oups of nerves. 

Although no trace of transverse segmentation is visible on the surface of the 
medulla spinalis, it is convenient to regard it as being built up of a series of super- 
imposed s'pimi segments or neuromereSy each of which has a length equivalent to 
the extent of attachment of a pair of spinal nerves. Since the extent of attachment 
of the successive pairs of nerves varies in different parts, it follows that the spinal 
segments are of varying lengths ; thus, in the cervical region they average 13 mm., 
in the mid-thoracic region 26 mm., while in the lumbar and sacral regions they 
diminish rapidly from 15 mm. at the level of the first pair of lumbar nerves to 
4 mm. opposite the attachments of the lower sacral nerves. 


Fk^. 716. — Diagrammatic transverse section of the medulla spinalis 
and its membranes. 



Tho filum terminate (figs, 7 14, 7 1(5) ib a delicate filament, about 20 cm. in 
length, prolonged downwards from tho apex of the conus meduUaris. Its 
upper part, or fihm termivak internvniy about 15 cm. long, is contained within 
the tubular sheath of dura mater and rea<'hes as far as the lower border of 
the second sacral vertebra. It is surrounded by the nerves forming tho cauda 
equina, but can be readily distinguished from them by its bluish-white colour. 
Its hnver part, or filum ierminnk eMernuMy is closely invested by, and adherent 
to, the dura mater ; it descends from tho apex of the tubular sheath of dura 
mater and is attached to tho back of the first segment of the coccyx. Tho 
filum tcrminalo consists mainly of fibrous tissue, continuous above with that 
of the pia mater, but adhering to its outer surface are a few strands of neive- 
fibres which probably represent rudimentary second and third coccygeal nerves ; 
further, tho central canal of the meduUa spinalis is continued downwards into 
it for 5 or 6 cm. 

Enlargements.— The medulla spinalis is not quite cylindrical, being 
slightly flattened from before backwards ; it also presents two swellings or 
enlargements, an upper or cervical, and a lower or lumbar (fig. 717). 

Tho cervical enlargement is the more pronounced, and corresponds with 
tho attachments of the large nerves of the upper limbs. It extends from 
about the third cervical to the second thoracic vertebra, its maximum circum- 
ference (about 38 mm.) being at the level of the attachment of the sixth pair 
of cervical nerves. 

To the lumbar enlargement are attached the nerves of the lower limbs. It 
begins at the level of the ninth thoracic vertebra, and reaches its maximum 
circumference, of about 33 mm., opposite the last thoracic vertebra, below 
which it tapers rapidly into the conus medullaris. 
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VENTRAL ASPECT 


Fissure and sulci (fig. 718). — An anterior median fissure and a posterior 
median sulcus incompletely divide the medulla spinalis into two syminotrical 
parts, which are joined across the middle line by a commissural band of 
nervous matter. 

The anterior median fiamre has 

an average depth of about 3 mm., Fig. 717. — Diagrams of tbo medulla spinalis, 
but is deepest in the lower part 

of the medulla spinalis. It con- ventral aspect 

tains a double fold of pia mater, dorsal aspect 

and its floor is formed by a trans- 

verse band of white substance, >^T// 

the anterior white commissure^ ^ jjf 

which is perforated by blood- I w /// 

vessels on theur way to or from [ I 

the central part of the medulla I 
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Fig. 71G. — The cauda cquma and 
filum term in ale seen from behind. 

The dura mater has been opened 
and spread out, and the arachnoid 
has been removed. 
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The jiOstenoT median sulcus is very shallow ; from it a septum of neuroglia 
roaches rather more than half-way into the substance of the medulla spinalis ; 
this septum varies in depth from 4 to 6 mm., but diminishes considerably in 
the lower part of the medulla spinalis. 

On either side of the posterior median sulcus, and at a short distance from 
it, the posterior nerve-roots arc attached along a vertical furrow named the 
posterolaieral snhus. The portion of the medulla spinalis which lies between 
this and tb^ posterior median septum is named the 'posterior f uniculm. In 
the cervical and upf^or thoracic regions the surface of this funiculus presents 
a longitudinal furrow, the paste ro-intermediale sulcus : this marks the position 
of a septum which extends into the posterior funiculus and subdivides it into 
two fasciculi — a medial, named the fasciculus gracilis (tract of Ooll) ; and a 
lateral, i\\c fasciculus cumiatus (tract of Burdach) (fig. 724). 


Fig. 718.- -Tran&vei'sc sof-tion of the medulla spinalis in the mid-thoracic region. 
Poxtf rior median sulcus 



The portion of the medulla spinalis between the posterolateral sulcus and 
the anterior median fissure is toymod the avierolateral region. The anterior 
nerve-roots, unlike the posterior, are not attached in linear scries, and their 
positions of exit are not marked by a sulcus ; they arise by separate bundles 
which spring from the ant(^rior column of grey substance and, passing forward 
through the white substance, emerge over an area of some width. The most 
lateral of these bundles is generally taken as a dividing line which separates 
the anterolateral region into two parts, viz. an anterior funiculm, between 
the anterior median fissure an<l the most lateral of the anterior nerve-roots ; 
and a lateral funiculus, bc^tween the exit of these roots and the posterolateral 
sulcus. In the upper part of the cervical region a series of nerve-roots passes 
outwards through the lateral funiculus of the medulla spinalis ; these unite 
to form the spinal portion of the accessory nerve, which runs upwards and 
enters the cranial cavity through the foramen magnum. 


Internal Structure of the Medulla Spinalis 

The medulla spinalis is composed of grey and white nervous substance, 
the former being enclosed within the latter (fig. 718). 

Grey substance. — The grey substance consists of two symmetrical portions, 
one in either half of the m^uUa spinalis ; these are join^ across the middle 
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line by a transverse commissure of grey sub- 
stance which is traversed by a small canal, the 
central canal, just visible to the naked eye. 
In a transverse section each half of the grey 
pbstance is shaped like a comma or crescent with 
its concavity directed laterally ; and these, 
together with the intervening grey commissure^ 
present the appearance of the letter H. An 
imaginary coronal plane through the central 
can^ serves to divide each crescent into an 
anterior and a posterior column. 

The anterior column (anterior cornu) 
is directed forwards ; it is broad, and round or 
quadrangular in shape. Its posterior part 
is termed the base, and its anterior part the 
head, but those are not separated from each 
other by any well-defined c(uistriction. Between 
the head of the anterior column and the surface 
of the medulla spinalis is a layer of white 
substance which is traversed by the bundles 
of the anterior nerve-roots. In the thoracic 
region, the posterior part of the anterior column 
projects lateralwards as a triangular field, 
named the lateral column (lateral cornu). 

The posterior column (posterior cornu) is 
long and slender, and is directed backwards 
and lateralwards ; it reaches almoKst as far as 
the posterolateral » sulcus, from which it is 
separated by a thin layer of white suhstanco, the 
tract of Lissaner, It consists of a base, directly 
continuous with the base of the anterior horn, 
and a nech or slightly constricted portion, which 
is siieceedod by an oval or fusiform area, termed 
the head, of which the apex approaches tlie 
posterolateral sulcus. The apex is capped 
by a mass of translucent, gelatinous neuroglia, 
t(*nned the sifbstantia gelatinosa of llohtndo, 
which contains both neuroglia-cells and small 
nervc-ctjlls and is V*sh«aped or crescentic on 
transverse section. Between the anterhn* and 


Fig. 719. — Transverse sections 
of the medulla spinalis at 
different levels. 



posterior columns the grey substance (jxtends 
as a series of processes into the lateral fnnienlus, 
and forms a network called the fornmtio reti- 
cularis. 

The quantity of grey substance and the 
form it presents on transverse section vary 
at different levels. In tlio thoracic region 
the grey substance is small in amount, not only 
absolutely but relatively to the surrounding 
white substance. In the cervical and lumbar 
enlargements it is greatly in(‘rcasi;d ; in the 
latter, and especially in the conus raedullaris, 
its proportion to the white substance is greatest 
(tig, 719). In the cervical region the posterior 
column of grey substance is comparatively 
narmw, while its anterior is broad and ex- 
panded ; in the thoracic region, both columns 
are narrow, and the lateral column is evident ; 
in the lumbar enlargement the anterior and 
posterior columns are both eximnded ; while 
in the conus medullaris the grey substance 

assumes the form of two oval masses, one in either half of the cord, connected 
together by a broad grey commissure. 
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The central canal traverses the entire length of the medulla spinaliB. 
The grey substance in front of the canal is named the anterior grey commissure ; 
that behind it, the posterior grey commissure^ The anterior grey commissure 
is thin, and in contact anteriorly with the anterior white commissure : it 
contains a pair of longitudinal veins, one on either side of the middle line. 
The posterior grey commissure reaches from the central canal to the posterior 
median septum ; is thinnest in the thoracic region, and thickest in the coinus 
meduUaris. .^T^e central canal is continued upwards through the lower part 
of the medulla oblongata and opens into the fourth ventiicle of the brain ; 
below it reaches for a short distance (6-6 cm.) into the filum terminate. In 
the lower part of the conus medullaris it exhibits a fusiform dilatation, the 
terminal ventricle ; this has a vertical measurement of from 8 to 10 mm., is 
triangular on cross section with its base directed forwards, and tends to undergo 
obliteration after the ago of forty years. 


Fig. 720.— Section of the central canal of the medulla spinalis, showing the 
ependymal and neuroglial cells. (Lenhoss6k.) 



Throughout the cervical and tlioracic regions the central canal is situated 
in the anterior third of the medulla spinalis : in the lumbar enlargement 
it is near the middle, and in the conus medullaris it approaches the posterior 
surface. It is filled with cerebrospinal fluid, and lined by ciliated, columnar 
epithelium, which is encircled by a band of gelatinous substance, the suhstantki 
gelatinosa centralis. This gelatinous substance consists mainly of neuroglia, 
but contains a few nervo-cells and nerve-fibres ; it is traversed by processes 
from the deep ends of the cells which line the central canal (fig. 720). 

Structure of the grey substance, — ^Tbe grey substance consists of nerve-cells, 
nerve-fibres and neuroglia. Throughout the greater part of it the neuroglia has the 
appearance of a sponge-like network, but around the central canal and on the 
apices of the posterior columns it consists of the gelatinous substance already 
wferred to. The nerve-cells are multipolar, and vary greatly in size and shape, 
They consist of : (1) Motor cells of large size, which are situated in the antenor 
column, and are especially numerous in the cervical and lumbar enlargements ; the 
axoi^ of most of these cells pass out to form the anterior nerve-roots, but before 
leaving the white substance they frequently give off collaterals, which re-enter 
and ramify in the grey substance.* (2) Cells of small or medium size, whose axoiis 
pass into the white matter, where some pursue an ascending, and others a descending 
course, but most of them divide in a T-shaped manner into descending and asscending 
processes. They give off collaterals which enter and ramify in the grey stibstance, 
and the terminations of the axons behave in a similar manner. The lengths of these 
axons vary greatly : some are short and pass only between adjoimng spinal segments. 


• LenhoBB^k and Cajal ipund that in the embryo of the ehiok the axons of a lew cf thSSe 
imive-cobB pasBed backwards tWgh the iK>8terior column, and emerge M the mohf fibres of 
t^ postertor These ate ^id to control the peristaltio movmxmntB of the intesUne 

Their presence in mto hhs not yet been detcrminecl. ™ 
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white others are lougei and connect more distant segments. These cells and their 
process^ constitute a series of association or intersegmmtal neurons 721)» 
which link together the different parts of the medulla spinalis. The axons of 
most of these cells are confined to that side of the meduUa spinalis in which the 
nerve^ells are situated, but some cross to the opposite side through the anterior 
commisspe, and are termed crossed commissure^ fibres. Some of the latter end 
directly in the grey substance, while others enter the white substance, and ascend 
or descend in it for varying distances, before finally terminating in the grey sub- 
stancei (3) Cells of type II. of Golgi, limited to the posterior column, are 
found in the substantia gelatinosa of Rolando ; their axons are short and confined 
to the grey substance, in which they break up into numerous fine filaments. Most 
of the nerve-cells are arranged in longitudinal columns, and appear as groups on 
transverse section (figs. 722, 723). 

Nerve-cells in the anterior column. — The nerve-cells in the anterior 
eolunui are arranged in columns of varying length. The longest occupies 
the medial part of the anterior column and is 

named the anteromedial column : it is absent Fig. 721.— Colls of medulla 
only in the fifth lumbar, the first sacral and spinalis. (Poirier.) 

the upper part of the second sacral segments 
(Bruce ♦). Behind it, is a posteromedial column 
of small cells, which extends from the second 
thoracic to the first lumbar segment and is also 
present in the first, sixth, and seventh cervical 
segments. 

In tho cervical and lumbar enlargements, 
where the anterior column is expanded in a 
lateral direction, tho following additional 
columns are present, viz. — (a) anterolateral^ in 
the fourth, fifth, ‘and sixth cervical, second 
thoracic, lower four lumbar and upper two 
sacral segments ; (6) pt^sterolateral^ in the 

lower five cervical, lower four lumbar, and 
upper three sacral segments ; (c) post-postero- 
lateral, in the last cervical, first thoracic, and 
upper three sacral segments ; and {d) central, 
in the lower four lumbar and upper two sacral 
segments. Throughout the base of the anterior 
column are solitary cells, the axons of some of 
which form crossed commissural fibres, w^hile 
others constitute the motor fibres of the posterior 
nerve-root (p. 760, footnote). 

Nerve-cells in the lateral column.— 

These form a column which is best marked in 
the thoracic region ; it extends from tho middle 
of the eighth cervical segment to the lower part 
of the second lumbar or upper part of the third 
lumbar segment, f but can be traced throughout 
the entire length of the medulla epinaUs in 
the form of groups of small cells situated in 
the anterior part of the formatio reticularis. 

The cells of this column are fusiform or star- piaper^n showing in longitudinal 

, , j# j* £ section the intersegiuental neurons of 

shaped, and of a medium size : the axons of the medulla splnalls. The. grey and 

many of them pass into the anterior nen^e-roote, 
and are conveyed to the sympathetic trunks meduuaspinaiis. 
the white rami communicantes ; while 

tba axons of others pass into the anterior and lateral* funiculi, where they 
become Icmgitudinal. 

Nerve-cells in the "posterior column. — 1. The dorsal nucleus (column 
of Olarke) occupies tho medial part of tho base of the posterior column, and 
appears on transverse sec tion as a well-defined oval area. It begins below at 

* fopogr^hical AUas of tIU Spinal Cord 1901. 

t Bruce and Pirio, if fitftca/ e/ottrnai, Nov. 17, i4906. 
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the level of the second or third lumbar nerve, and reaches its maximum size 
opposite the twelfth thoracic nerve. It diminishes in size above the level 
of the ninth thoracic nerve, and ends opposite the last cervical or first thoracic 
nerve. It is represented, however, in the other regions by scattered cells, 
which are aggregated to form a cervical nudeua opposite the third cervical 
nerve, and a sacral nucleus in the middle and lower part of the sacral 
region. Its cells are of medium size, ana oval or pyriform in shape ; many 
of their axo^ pass into the peripheral part of the lateral funiculus of the 
same side, a.tia there ascend, under the name of the direct ^rebellar tract ; 
others cross to the opposite side and ascend as the superficial anterolateral 
fasciculus. 


Flo. 722.--]\Iodo of difilribution of the nervo-cella in the grey substance. 
(Schenmtio.) (Testut.) 



1, 2. and lateral Kroups uf iicivc-Cflls in anterior column. 3. Nerve-cells In lateral column. 

4, 4. Dor^sal nucleus. r>. Croup of ucrve-cclls in substantia gelatluosa of Xiolaiido. 6. Nor\'e-ccll of 
anterior eolumu, the axon of which is pabsing into the posterior nerve-mot. 7. Cells of substantia 
gelatinosa centralis. ». Sohtnry l). Cells of Uolgl. 10. Colls of origin of the superildal 

anterolateral fa.seiculiis. 1 1 . Anterior root. 12. Posterior root. 13. Spinal ganglion. 


■ 2. Nerve-cells in the substantia gelatinosa of Rolando, — ^These are arranged 
in throe zones : a posterior or marginal, of large triangular or fusiform ceUs ; 
an intermediate, of small fusiform cells ; and an anterior, of star-shaped cells. 
The axons of these cells pass into the lateral and posterior funiculi, and there 
assume a vertical course. In the anterior zone some Golgi cells are found, 
the short axons of which ramify in the grey substance. 

3. Solitary cells of varying form and size are scattered throughout the 
Xiosterior column. Some of these are grouped to form the posterior basal coluMih 
in the base of the posterior column, lateral to the dorsal nucleus. The posterior 
basal column is well-marked in the gorilla (Waldeyer), but illMlefined in fnan. 
The axons of its ceils pass partly to the posterior and lateral funiculi of the 
same side, and partly through the anterior white commissure to the lateral 
funiculus of the opposite side. Before leaving the grey substance, a conr 
siderablo number run longitudinally for a varying distance in the head of 
the posterior column, forming what is termed the ImgituMml fasdm^ of tlie 
posterior column. 
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A few star-shaped or fusiform nerve-cells of varying size are found in the 
substantia gelatinosa centralis. Their axons pass into the lateral funiculus 
of the same, or opposite, 
side 

rf,, . ,1 -'iG. 723. — Transvorso sections of the medulla 

i he nerve-fibres m the spinalis at different levels to show the 

^ey substance form a dense arrangement of the principal cell-columns, 

interlacement among the 
nerve-cells. This interlace- 

ment is formed partly of \ 

axons which pass from the \\ 

cells in the grey substance ^ u 

to enter the white funiculi f ^ 

or nerve-roots ; partly, of r \ lu 

the axons of Golgi's cells / ^ 

which ramify only in the Latcralj^-^ \ 

grey substance ; and partly column { _ - — > 

of collaterals from the nerve Poster o- ^ -^ Posurnmniiai 

fibres in the white funiculi, ^ ' Liu mT 

which, as alreadj’^ stated, ^ 

•enter the grey substance and Anteroiaterai'^\^ / // IIJ ' * 

ramify within it. column V column 

White substance. — ^The ^ 

white substance of the 
medulla spinalis consists of 
incdullated nerve-fibres im- 

bedded in a sponge-like net- \ 

work of neuroglia, and Dorsal nucinfs,/\ ' 

arranged in three ‘funiculi : /^\\ A ^ 

anterior, lateral, and pos- , 

terior. The anterior funi- l \ 

cxilus lies between the an- « , , , V 

terior median fissure and co nmn--\^ 

the most lateral of the 

anterior nerve-roots ; the ^ J 

lateral funiculus between /, 

these nerve-roots and the 

X)osterolateral sulcus; and the .—i^ 

posterior funiculus between \ 1 

the posterolateral sulcus and 
the posterior median septum 
(fig. 724), The fibres vary 
in thickness ; the thinnest 
are found in the fasciculus 
gracilis,' the tract of Lis- 
^auer, and the central part ^ M7rai 
of the lateral funiculus ; the voilmn 
thickest are situated in the 
anterior funiculus, and in 
the peripheral part of the ,i„uroJatcmi 
lateral funiculus. Some of column 

the nerve-fibres Msnme a r.ntraicr.iu«.,, — 

more or loss transverse 

direction, as for example ^ 

those which cross the middle * ®* * 

fine in the anterior white V* ^ 

oommissure, but the majority posteroiateraiJ U ^ 

pursue a longitudinal course column 

md are divisible into (1) 

4hose connecting the medulla 

spinalis with the brain, and Central column 

conveying impulses to or 

from the latter, and (2) those which are confined to the medulla spinalis and 
Bhk together its different segments (i.e. intersegmental or association fibres). 
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Nerve-fasciculi. — ^The longitudinal fibres are ^ouped into more or lep 
definite bundles or fasciculi. These are not recognisable from each other in 
the natural state, and their existence has been determined by the following 
methods : (1) A. Waller discovered that if a bundle of nerve-fibres bo cut, the 
portions of the fibres which are separated from their colls rapidly degenerate 
and become atrophied, while the cells and the pcarts of the fibres connected wdth 
them und.§rgo little alteration.* This is known as Wallerian degeneration. 
Similarly, if a group of nervo-coUs be destroyed, the fibres arising from them 
undergo degeneration. Thus, if the motor cells of the cerebral cortex be 
destroyed, or if the fibres arising from these cells be severed, a descending 
degeneration from the seat of injury takes place in the fibres. In the same 


Fig. 724. — Diagram of the principal fasciculi of white substance in the 
medulla spinalis. 

< uroinmiwni'itl/anricutux 



manner, if a spinal ganglion ho destroyed, or the fibres which pass from it into 
the medulla spinalis be cut, an asce'^ing degeneration occurs in these librea 
above the lesion. (2) By tracing the development of the nervous system, 
it has been observed that at first the nerve-fibres aro naked axis-cylinders, 
and that all do not acquire their medullary sheaths at the same time ; hence 
the fibres can be grouped acc.ording to the dates at which they receive theii* 
medullary sheaths. (3) Staining nervous tissues by Golgi^s method whicji 
allowrs the course and mode of termination of the axis-cylinder processes 
to be followed. 

F^ciculi in the anterior funiculus. — ^The principal fasciculus is the 
anterior cerebrospinal (direct pyramidal tract), which is usually small, but 
varies in size inversely with the lateral cerebrospinal fasciculus. It lies close 
to the anterior median fissure, and is present only in the upper part of the 
medulla spinalis ; gi’adually diminishing in size as it descends, it ends about 

* Somewhat later a change, termed chromatolysiSf takes place in the nerve-cells, and consista 
of a breaking down and ultimate disappearance of the Nissl bodies. The cell-body is swollen, 
the nucleus is displaced towards the periphery of the ceU, and the part of the axon still 
attached to the altered cell is diminished in size and somewhat atrophied. Under favourable 
condijliions the cell may reassume its normal appearance, and its axon may grow again. 
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the middle of the thoracic region. It consists of descending fibres which arise 
from cells in the motor area of the cerebral hemisphere of the same side, and 
which, as they run downwards in the medulla spinalis, cross in succession 
through the anterior white commissure to the opposite side, where tliey end 
by arborising around the motor cells in the anterior column. 

In addition to the anterior cer6brospinal fasciculus there are strands of 
fib|^s in the anterior funiculus connecting certain ganglia in the brain with the 
grey substance of the medulla spinalis. One of those is the vestibulospinal. 
situated chiefly in the marginal part of the funiculus and mainly derivc^d from 
the cells of Deiters’ nucleus, one of the terminal nuclei of the vestibular nerve. 
Some fibres pass downwards from the corpora quadrigomina {tectospinal) 
and others are continuous with the medial longitudinal fasciculus. 

The remaining fibres of the anterior funiculus constitute what is termed the 
anterior proper fasciculus (anterior basis bundle). It consists mainly of : 
(1) longitudinal intcrsegmental fibres which arise from cells in the grey sub- 
stance, more especially from those of the medial group of the anterior column, 
and, after a longer or shorter course, re-enter the grey substance. Some of 
the fibres of this fasciculus pass upwards into the medial (posterior) longitudinal 
fasciculus (p. 790) ; (2) fibres arising from cells of the cerebellum and 
extending down the medulla spinalis to end around the cells of the anterior 
column — these fibres constitute an irregular tract, cerebellospinal tract of 
Lowenthal, disposed in the peripheral portions of the anterior and lateral 
proi)er fasciculi. 

Fasciculi in the lateral funiculus. — 1. Descending fasciculi. — (a) The 

l^ateral cerebrospinal fasciculus (crossed pyramidal tract) extends throughout 
the entire length of the medulla spirialls, and on transverse section appears 
as an oval area in front of the posterior column and medial to the direct cere- 
bellar fasciculus. Its fibres arise from cells in the motor area of the cerebral 
hemisphere of the opposite side. They pass downwards in company with 
those of the anterior cerebrospinal fasciculus tlirough the same side of the 
brain as that from which they originate, but they cross to the opposite sidi^ 
in the medulla oblongata and descend in the lator‘^1 funiculus of the medulla 
spinalis : they end by arborising around the motor cells in the anterior 
colnmn.* 

The anterior and lateral cerebrospinal fasciculi constitute the motor fasciculi 
of the medulla spinalis and have their origins in the motor cells of the cerebral 
cortex. They descend through tho internal capsule of the cerebrum, traverse 
the cerebral peduncles and pons and enter tho pyramid of tho medulla oblon- 
gata. In the lower part of the latter about two-thirds of them cross the middle 
line and run downwards in the lateral funiculus as tho lateral cerebrospinal 
fasciculus, while the remaining fibres do not cross, but are continued into the 
same side of the medulla spinalis, where they form the anterior cerebrospinal 
fasciculus. The fibres of the latter, however, cross the middle limj in the 
anterior white commissure, and thus, generally speaking, all the motor fibres 
from one side of tho brain ultimately roach the opposile side of the medulla 
spinalis. The proportion of fibres which cross in the medulla oblongata is 
not a constant one, and thus the nnterior and lateral cerebrospinal fascicul i 
vary inversely in size. Sometimes the former is absent, and in such eastjs it 
may be presumed that the <lccussation of the motor fibres in the medulla 
oblongata has been complete. The fibres of thest? t.wo fasciculi do not acquin* 
their medullary sheaths until after birth. There is experimental and clinical 
evidence to show that the lateral cerebrospinal fasciculus contains a few fibres 
derived from the cerebral hemisphere of the same side {uncrossed lateral cerebro- 
spinal fibres). 

{b) The rubrospinal fasciculus (Monakow) lies on the ventral aspect of tho 
lateral cerebrospinal fasciculus and on transverse section appears as a somewhat 

* St:hafor (Proc. Pkj/siologiral Soc. 1890) says it is probable that the fibres of tho anterior and 
lateral oorobrospinal fa8<'iciili »j‘6 not rolated in this direct manner with tho cells of cho anterior 
cohmin. but terrainali; by arborising round tho cells at tlio base of the posterior ooluinn anti 
the cells of Clarke’s column, which in turn link them to the motor colls in the aiit«n*ior column, 
usually of several segments of thtJ cord. In consequenc*e of these interposed neurons tho fibres 
of the cerebrospinal fasciculi correspond, not to individual musclca, but to associated groups of 
muscles. 
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tria^ular area. Its fibres descend from the mid-brain, where they have their 
origin in the cells of the red nucleus of the tegmentum of the opposite side. 

(c) The tedmpinal fasciculus originates in the superior colliculus (upper 
quadrigeminal b<^y) oi the opposite side, and its fibres are partly intermingled 
with those of the rubrospinal fasciculus, and are partly contained in the anterior 
funiculus. 

(d) Th(^ olivospinal fasciculus (Helweg) arises in the vicinity of the inferior 
olivary'^^S^leus in the medulla oblongata and is seen only in the cervical region 
of the medulla spinalis, where it forms a small triangular area at the periphery, 
close to the most lateral of the anterior nerve-roots. Its exact origin and its 
mode of ending have not yet been definitely made out. 

2. Ascending fasciculi. — {a) The direct cereMlar tract of Flechsig is situated 
at the periphery of the posterior portion of the lateral funiculus, and on trans- 
verse section appears as a flattened band reaching as far forwards as a line 
drawn transversely through the central canal of the medulla spinalis. Medially 
it is in contact with the lateral cerebrospinal fasciculus, behind, with the 
fasciculus of Lissaucr. It begins about the level of the second or tl^d lumbar 
nerve, increases in size as it ascends, and finally passes to the cerebellum through 
the restiform body. Its fibres are generally regarded as being the axons of 
the cells of the dorsal nucleus (Clarke’s column) ; they receive their medullary 
sheaths about the sixth or seventh month of fcctal life. 

(6) The superficial anterolateral fasciculus (tract of Gowers) skirts the 
periphery of the lateral ffiniculus in fronii of the direct cerebellar fasciculus. 
In transverse section it is shaped somewhat like a comma, the expanded end 
lying in front of the lateral cerebrospinal fc oiculus while the tail reaches 
forwards into the anterior funiculus. Its fibres cbmo from the cells of the grey 
substance of the opposite side of the medulla spinalis and are derived from 
the cells of the dorsal nucleus and from other cells of the posterior column. 
The superficial anterolateral fasciculus begins about the level of the third 
pair of lumbar nerves, and, increasing in size as it ascends, can be followed 
into the medulla oblongata and pons. It consists of three fasciculi : (1) the 
anterior spinocerebelHr, the largest of the three, passes to the cerebellum by 
way of the brachia conjunctiva ; (2) the spinothalamic cnc^s in the thalamus, 
and is sometimes termed the secondary sensory fasciculus ; and (3) tho spinotectal 
passes to the corpora quadrigemina. 

(c) The fasciculus of Lissauer is a small strand situated at the tip of the 
l)osterior column close to the entrance of the posterior nerve-roots. It consists 
of fine fibres which do not receive their medullary sheaths until towards the 
close of foetal life ; some of its fibres arc said to remain non-medullatcd through- 
out life. It is usually regarded as being formed by some of the lateral fibres 
of the posterior nerve-roots, which ascend for a short distance in the tract 
and then enter the posterior column, but its fibres are myelinated later than 
those of the posterior nerve-roots, and do not undergo degeneration in locomotor 
ataxia ; they are probably interseginental in character. 

(d) The lateral proper fasciculus (lateral basis bundle) constitutes the 
remainder of the lateral column, and is continuous in front with the anterior 
proper fasciculus. It consists chiefly of intersegmental fibres which arise from 
cells in the grey substance, and, after a longer or shorter course, re-enter the 
gresy substance and ramify in it. Some of its fibres arc, however, continued 
upwards into the brain under the name of the medial longitudinal fasciculus. 

Fasciculi in the posterior funiculus. — ^This funiculus comprises tw'o 
main fasciculi, viz. the fasciculus gracilis and the fasciculus cuneatus. These 
are separated from each other in the cervical and upper thoracic regions by 
the postcro-intermediate septum, and consist mainly of ascending fibres derived 
from the posterior nerve-roots. 

The fasciculus gracilis (tract of Goll) is wedge-shaped on transverse section, 
and lies next the posterior median septum, its base being at the surface of 
the medulla spinaUs, and its apex directed towards the posterior grey com- 
missure. It increases in size from below upwards (fig. 725), and consists of 
long thin fibres which are derived from the posterior nerve-roots, and ascend 
as far as the meduUa oblongata, where they end in the nucleus gracilis. 

The fasciculus cuneatus (tract of Burdach) is triangular on transver^ section, 
and lies between the fasciculus gracilis and the posterior grey column, its base 
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corresponding with the surface of the medulla spinalis. Its fibres, larger than 
those of the fasciculus gracilis, are mostly derived from the same source, viz. 
the posterior nerve-roots. Some of its fibres ascend for only a short distance, 
and, entering the grey substance, come into close relationship with the cells 
of the dorsal nucleus ; others can be traced as far as the medulla oblongata, 
where they end in the nucleus gracilis and nucleus cuneatus. 


Fiu. 725. — Diagram showing tlu^ for- 
mation of the faseiciiluR gracilis. 
(Poirier.) 


Fio. 720. — The descending fibres in 
the posterior funiculi, shown at 
different levels. (After Testjt.) 



Sacral 

nerves 


The medulla spinalis viewed from liehiitd. 
To the left, the fasciculus gracilis is shaded. 
To tlie Tight, the drawing shows that the 
fasciculus gracilis Is formed by the long ascend- 
ing fibres of the posterior roots and that the 
sacral nerves He next the median plane, the 
lumbar to their lateral side, and the'thoracic 
!»till more laterally. 


"Descending comma fasciculus 



Dorstil pn iplif ral hand 



A. Tu the conus incdullaiis. n. In the lumbar 
region, o. in the lower thorwlc region. 
l>. In the upper thoracic region. 


Occupying the ventral part of the posteiior funiculus is a strand of fibres 
termed the comucommismral fasciculus. It is somewhat crescentic on trans- 
verse section, and is placed between the posterior grey commissure and the 
posterior column ; it is best marked in the lumbar region, but can bo traced 
into the thoracic and ( ‘^rvical regions. Its fibres, derived from the colls of 
the posterior column, divide into ascending and descending branches which 
re-enter and ramify in the grey substance. This fasciculus has been^ found 
to preserve its integrity in certain cases of locomotor ataxia. . „ . , 

Descending fibres in the posterior funiculus (fig. 726).— The posterior funiculus 
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contains some descending fibres which occupy different parts at different levels. 
In the cervical and upper thoracic repons, they appear as 3, (xmim-ahaped 
fasciculus in the medial part of the fasciculus cuneatus, the blunt edge of the 
fasciculus being directed forwards ; in the lower thoracic region they form a 
dorsal pcfi^phcfal band on the posterior surface of the funiculus ; in the lumbar 
region, they arc situated by the side of the posterior median septum, and 
appear on section as a semi-elliptical bundle, which, together with the corre- 
spondii^^-r^^ndle of the opposite side, forms the aval area of Flechsig ; wliile 
in the conus medullaris they assume the form of a triangular airarid in the 
posteromedial part of the fasciculus gracilis. These descending fibres ^e 
mainly intersegmental in character and derived from cells in the posterior 
eoluinn, but some consist of the descending branches of the posterior nerve-roots. 
The comma-shaped fasciculus was supposed to belong to the second category, 

but against this view is the fact that 
Fig, 727. — A spinal nerve with its anterior it does not undergo descending 
and posterior roots. (Testut.) degeneration when the posterior 

nerve-roots are destroyed. 

Roots of the spinal nerves. — 
As already stated, each spinal nerve 
possesses two roots, an anterior and 
a x>osterior, which are attached to 
the surface of the medulla spinalis 
opposite the corresponding column 
of grey substance (tig. 727) ; their 
fibres accj^uire their medullary sheaths 
about the fifth month of fmtal life. 

The anterior nerve-root consists 
of efferent fibres, which are the axons 
of the nerve-cells in the ventral 
part of the anterior column. A 
short disoance f.om tlieir origins, 
these axons arc invested by medul- 
lary sheaths and, passing forwards, 
emerge in two or throe irregular rows 
over an area v.hich measures about 



1. A uorlion of the medulla sniiialis view(’d from 
Mie left side. 2. Anterior median iWiie. 3. Anterior 
column. 4. Posterior column. 5. Lateral column. 6. 
Forinatio reticularis. 7, Anterior r<>ot. 8. iost^rlor 
root, with 8', its gaiifflion. 9. .Spins j nerve ; 9', its 
posterior division. 


3 mm. in width. 

The 'posterior root comprises six 
or eight fasciculi, attached in linear 
series along the posterolateral sulcus. 
It consists of afferent fibres which 


arise from the nerve-cells in a spinal ganglion. Each gauglion-cell gives off a 
single fibre which divides in a T-shaped manner into two jjrocosscs, medial 
and lateral. The medial processes of the ganglion-cells pass into the medulla 
spinalis as the posterior I'oots of the spinal nfjrves, while the lateral are directed 
towards the periphery. 

The posterior nerve-root enters the medulla spinalis in three chief bundles, 
medial, intermediate, and lateral. The medial strand passes directly into the 
fasciculus cuneatus ; it consists of coarse fibres, which acquire their medullary 
sheaths about the fifth month of iiitra-uterino life ; the intermediate strand 
consists of coarse fibres, which enter the gelatinous substance of Rolando ; 
the lateral strand is composed of fine fibres, which are said to assume a longitu- 
dinal direction in the tract of Lissauer. 

After entering the medulla spinalis, all the fibres of the posterior nerve- 
roots divide into ascending and descending branches, and these in theii* turn 
give off collaterals which enter the grey substance (fig. 728). The descending 
branches are short, and soon enter the grey substance. The ascending branches 
are grouped into long, short, and intermediate fibres : the long fibres ascend in 
the fasciculus cuneatus and fasciculus gracilis as far as the medulla oblongata, 
where they end by arborising around the colls of the cunoate and graoile nuclei ; 
the short fibres run upwards for a distance of only 6 or 6 mm., and enter the 
grey substance ; while the intermediate fibres, after a somewhat longer course, 
have a similar destination. All fibres entering the grey substance end by 
arborising around its nerve cells ; in the- thoracic region those of intermediate 
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length are especially associated with the cells of the dorsal nucleus. 'Che 
collaterals which spring from the ascending and descending branches of the 
fibres of the posterior nerve- 


roots end by arborising 
around the cells in the 
anterior and posterior grey 
columns ; in the thoracic 
region many of these col- 
laterals arborise around the 
cells of the dorsal nucleus 
and the cells of the lateral 
grey column. 

The long ascending 
fibres of the posterior 
nerve-roots pursue an 
oblique course upwards, 
being situated at first in 
the lateral part of the 
fasciculus cuneatus : higher 
up, they occupy the middle 
of this fasciculus, having 
been displaced by the 
accession of other entering 
fibres ; while still higher, 
they ascend in the fasci- 
culus gracilis. The upper 
cervical fibres do not reach 
this fasciculus, but are 
entirely confined to the 
fascicidus cuneatus. The 
localisation of these fibres 


FiCr. 728. — Posterior nerve-roots entering the medulla 
spinalis and dividing into asceuding and descend- 
ing brandies. (Van Gehiichten.) 



is very preci^ . tl^^ sacral ^ Nerve-flbre. ?», b. Ascending and descending branchc'.. 

nerves he m the medial part r. collateral nrfsing frcun nerve- fibre. 

of the fasciculus gracilis 

and near its periphery, the lumbar nerves lateral to thorn, the thoracic nerves 
still more laterally ; while the cervical nerves are confined to the fasciculus 
cuneatus (fig. 725). 

I*"- The development of the medulla spinalis is described in the sec tion on 
Embryology (pp. 86 to 90). 


Applied Anatomy , — Several cases have been recorded * in which a local doubling of the 
medulla spinalis has taken place. The condition is probably due to some intertereiice. 
with the development of the neural tube in the umbryo; in a few it was associated wi^li 
spina bifida, while in one recent case f the two parts were soparaterl by a dermoid tumour. 
Other congenital abnormalities of the medulla spinalis occur in connexion witli spina 
bihda (see p. 181), and syringomyelia. Tn this latter chronic condition an ahnurinal 
proliferation of tho neuroglia takes place, gcnc;rally near the contr.al canal and in tlie 
cervical enlargement, and later this mass becomes absorbed, leaving an irregular cavity in 
its place. This gives rise to a number of interesting signs and symptonis, sucdi anal- 
gesia (or insonsitiveness to pain), inability to distinguish between cold and heat, progres- 
sive atrophy in the muscles of tin) hands and arms, trophic changes hi bhe; bones anti 
joints, and painless whitlows. Severe injuries to the medulla .spinalis may ocenr in frac- 
turefl or fracture-dislocations of tho vertebral cohinni anywhere aliove the second lumbar 
vertebra. If the medulla spinalis is completely crushed or torn across, total paralysis and 
anaesthesia of all parts of the body drawing their nerve supply from below the injured spot 
will follow, with loss of control over the actions of the bladder and rectum. The liigtier 
up such a lesion occurs, the worse the prognosis. Thus, in fracture of the atlas or epistro- 
pheus, the vital centres in the medulla oblongata are injured, and death occurs at once. 
If the origin of the phrenic nerve— mainly the fourth cervical — just escape in m case wlujre 
the neck is broken, respiration will have to be carried on by the Diaphragm alone, and 
death is likely to ensue before long from pulmonary complications. When the back is 
broken in the lower thoracic region, life is not immcdinlely threatened; but unless the 
patient is carefully nurso"!, death may follow at any time from the development of bed 
sores in the anjesthetic a»’ea, or from septic infection spreading up tho ureters into the 

♦ An analysis of these cases is given in the Review of Neurology and Psychiatry, Jan. 101(5. 

t Harriehausen, D. Ztschrft. /. Nervenheilk. Bd. 36, Hft. 3 und 4, S. 268. 
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kidneys and secondary to the cystitis that is so prone to occur in patients who have no 
control over the bladder. Inflammation of the medulla spinalis, or spinal myelitis^ some- 
tinus follows influenza or one of the acute specifle fevers. A transverse patch of such 
myelitis extending completely across the medulla spinalis produces more or less complete 
interruption of the passage of nervous impulses through it. Hence it 'will occasion more 
or less complete paralysis and aueesthesia of the parts of the body obtaining their nerve- 
supply from below it, and, in addition, a zone of cutaneous hyperaBsthesia at its level, in 
consequence of the irritation of the sensory flbres entering the inflamed region of the 
rneduUa s-^-^j^lis. The disease mainly attacking children, and known as infantile spinal 
paralysis t acute anterior poliomyelitis ^ is a bacterial infection of the pia mater that 
spreads into the medulla spinalis along the blood-vessels, and destroys groups of the motor 
neurons aggregated in the anterior column. Destruction of the cells causes rapid and 
permanent paralysis of the muscles innervated, and groups of muscles in one or more of 
the limbs are commonly picked out for attack. The affected limbs ore thus partially 
paralysed , and their subsequent growth and nutrition both suffer. Further, the muscles 
that normally antagonise the affected groups of muscles, finding their actions unopposed, 
tend to assume a state of spastic contraction. In consequence, much dwarfing and 
deformity follow later, and may demand for their relief such operations as tenotomy, the 
transplantation of tendons, or even amputation. 

Tnfl animation of the ganglia on one or more of any of the posterior nerve-roots is the 
^ause of shingles * or herpes zoster, in which there is a painful eruption of noups of 
cutaneous vesicles corresponding to the distribution of the nerves derived from the 
affected ganglia. It is commonest along the course of the intercostal nerves; the erup- 
tion is often preceded and followed, as well as accompanied, by girdle pains, and in old 
people these may be prolonged and serious in character. Herpes is the analogue on the 
sensorv side to anterior poliomyelitis on the n'.otor side of the nervous system. 


'FHE ENCEPHALON OR BRAIN 


General Considerations and Divisions 


The encephalon, or brain, is the upper, expanded part of the central nervous 
system, and is contained within the cranium. In the early embryo it consists 

of three hoHow vesicles, 

Flo. 720. — Selioine show ng the coiuiexions of the 
several parts of the brain. (After Schwalbe.) 


termed tra rhombencephalon 
or hind-brain, the mcaen- 
cephalon or mid-brain, and 
the prosencepJuilon or fore- 
brain ; and the parts de- 
rived from each of these 
can be recognised in the 
adult (fig. 729). The wall 
of the rhombencephalon is 
modified to form the medulla 
oblongata, pons, and cere- 
bellum, whUe its cavity is 
expanded to form the fourth 
ventricle. The mesence- 
phalon forms only a small 
part of the adult brain ; 
its cavity becomes the cere- 
bral aqueduct (aqueduct of 
Sylvius), which serves as a 
tubular communicatiem be- 
tween the third and fourth 
ventricles ; . while its walk 
are thickened to fonn the corpora quadrigemina and the cerebral peduncles. 
The prosencephalon undergoes great modification : its anterior part or telen- 
cephalon expands laterally as two hollow vesicles the cavities of which become 
the lateral ventricles, while the surrounding walls fonn the cerebral hemispheres 
and their commissures ; the cavity of the posterior part or dieilcephalon forms 
the greater part of the third ventricle, and from its walls are developed, most 
of the structures which bound that cavity. Further details regard^ these 

* hat. cingulum, a belt. 
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important changes are given in the chapter on Embryology, and the student 
is recommended to read pages 90 to 100 before commencing the '^study of 
the brain. 


THE RHOMBENCEPHALON OR HIND-BRAIN 

I^e rhombencephalon or hind-brain occupies the posterior fossa of the 
cranial cavity and lies below a fold of dura mater, named the tentorium cerebelli. 
It consists of (a) the mydencephalon, comprising the medulla oblongata, and 
the lower part of the fourth ventricle ; (6) the metencepJialon, consisting of the 
pons, cerebellum, and tho intermediate part of the fourth ventricle ; and 
(c) the isthmus rhombencephali, a constricted portion immediately adjoining 
the mesencephalon and including tho brachia conjunctiva of the cerebellum, 
the anterior medullary velum, and the upper part of the fourth ventricle. 


* Thk Mbduli^a Oblongata 

The medulla oblongata, tho lowest division of the brain, is extremely 
complex in structure, since it gives attachment to many of the cerebral nerves, 
and forms the connecting link between the medulla spinalis below and tho 
cerebrum and cerebellum above. 

It extends from the lower margin of the pons to a plane passing transversely 
below the pyi:amidal decussation and above the first pair of cervical nerves : 
this plane corresponds with tho uijper border of the atlas behind, and the 
middle of the dens of the epistropheus in front ; at this level the medulla 
oblongata is continuous with the 
ineduUa spinalis. The anterior surface 
of the medulla oblongata is separated 
from the basilar part of the occipital 
bone and the upper part of the dens of 
tho epistropheus by the membranes 
of the brain and the occipito-axial 
ligaments. Its posterior surface is 
received into tho fossa between tho 
hemispheres of the cerebellum, and 
the upper portion of it forms the lower 
part of the floor of the fourth ventricle. 

The .vertebral arteries ijass upwards 
and forwards in relation to its lateral 
surfaces ; they then curve forwards 
to its anterior surface and unite at the 
lower border of the pons to form the 
basilar artery. 

The medulla oblongata is pyramidal 
in shape (fig. 730), its broad extremity 
being directed upwards tow’ards tho 
pons, while its narrow lower end is 
continuous with the medulla spinalis. 

It measures about 3 cm. in length, about 2 cm. transversely at its widest part, 
and abbut 1-25 cm. anteroposteriorly. Tho central canal of the medulla 
spinalis is prolonged into its lower haH, and then ox>en.^ into the cavity of tho 
fourth ventricle ; the medulla oblongata may therefore be divided into a lower 
part containing the central canal, and an upper open part corresponding 
with 'the lower portion of the fourth ventricle. Its anterior and posterior 
surfaces are marked by median fissures. 

The anterior median fissure contains a fold of pia mater, and extends 
along the entire length of the medulla oblongata ; below, it is continuous with 
the anterior median fissure of the medulla spinalis ; above, it ends at the lower 
boitler of the pons in a small triangular expansion, termed the foramen ccecum. 


Fig. 7^0.- -Tlic medulla oblongata and 
pon*?. Anterior surface. 




762 


NEUROLOGY 


Its lower part is interrupted by bundles of fibres which cross obliquely from 
one side to the other, and constitute the pyramidal decvssation. Some fibres, 
termed the external arcuate fiAres^ emerge from the fissure above this decus- 
sation and curve lateralwards and upwards over tho surface of the medulla 
oblongata. 

The posterior median fissure is a narrofw groove which exists onlv 
in the closed part of the medulla oblongata; it is continuous below with 
the posteT^ median sulcus of the medulla spinalis, becomes gradually 

shallower from below upwards, and finally 

Fio. 731.-Uoeussation of the pyra- tho mddlo of the medul^ 

rnids. Scheme sliowin^' tho passage oblongata, where the central canal expands 
of various fasciculi from the medulla into the cavity of the fourth ventricle, 
spinalis to the niechilla oblongata. These two fissures divide the closed 
(Testut.) part of the medulla oblongata into lateral 



a. PoiM. ft. Medulla obloiiKut a. c. Decusiia< 
tion of the pyramMa. d. Sivtiou of cervical 
part of medulla spinali». 1. Antcrhjr cerebro- 
spinal fascictilus (In red). '2. Lateral t^rebro- 
gpinal fasciculus (in red). 3 Fasrdculus gracilis 
and fasciculus cuneatus (in blue). 3'. Nucleus 
graclUs and nucleus cuneatus. 4 . / utcrolatcral 
proper fasciculus (in dotted line). 5. Pyramid. 

Ijemniscus. 7. Medial longitudinal fasciculus. 
8. Superflcbil anterolateral fasciculus (in blue). 
0. Direct cerebellar tract (In yellow). 


halves, each presenting elongated emi- 
nences which, on surface view, are con- 
tinuous wdth the funiculi of the medulla 
spinalis. In tho open part the halves are 
separated by the anterior median fissure, 
and by a median raphe which extends' 
from the bottom of the fissure to the 
median sulcus of the rhomboid fossa or 
floor of the fourth ventricle. Further, 
certain of cerebral nerves pass through 
the subsfcanc' of the medulla oblongata, 
and .are attached to its surface in ccrios 
with tho roots of tho spinal nerves ; thus, 
the fibres of the hypoglossal nerve eorro- 
spond in position with tho anterior roots 
of tho spinal nerves, and emerge in linear 
series from a furrow teamed the antero- 
lateral sulcus. Similarly, tho accessory, 
vagus, and glossopharyiif^epl nerves corre- 
spond with tho posterior roofs of tho 
spinal nerves, and are attached to the 
bottom of a sulcus named the postero- 
lateral sulcus. Advantage is taken of this 
arrangement to subdivide each half of the 
medcUa oblongata into three regions, 
anteiior, middle, and posterior. Although 
those three regions appear to be directly 
continuous with the corresponding funiculi 
of the medulla spinalis, they do not neces- 
Sfirily contain the same nerve-fibres since 
some of the fasciculi of the meduUa spinalis 
end in the medulla oblongata, while others 
alter their course in passing through it. 

The anterior region of the medulla 
oblongata (fig. 730) is named the pyramid, 
and lies between the anterior median 
fissure and the anterolateral sulcus. Its 


upper end is slightly constricted, and 
between it and the pons the fibres of the abducent nerve emerge ; below, it 
tapers into tho anterior funiculus of the medulla spinalis, with which, at first 
sight, it appears to be directly continuous. 

The two pyramids contain the motor fibres which pass from the brain to 
the medulla spinalis. When traced downwards, two-thirds, or more, of th^o 
fibres leave the pyramids in successive bundles, and decussate m the anterior 
median fissure, forming what is termed the pyramidal decussation. Having 
crossed the middle lino, they pass down in the posterior part of the lateral 
funiculus of the medulla spinalis as tho lateral cerebrospinal fasciculus. The 
remaining fibres— i.e. those which occupy the lateral part of the p 3 rramid — 
do not cross the middle line, but descend as the anterior cerebrospinal 
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fasciculus (fig. 731) into the anterior funicnlui^ the same side of the medulla 
spinalis. 

The greater part of the anterior proper fasciculus of the medulla spinalis 
is continued upwards through the medulla oblongata under the name of thcj 
medial longitudinal fasciculus. 

The lateral region of the medulla oblongata (fig. 732) is limited in front 
by the anterolateral sulcus and the roots of the hypoglossal nerve, and behind 
by the posterolateral sulcus and the roots of the accessory, vagus, and glosso- 
pharyngeal nerves. Its upper part consists of a prominent oval mass which 
is named the olive, while its lower part is of the same widtli as the lateral 
funiculus of the medulla spinalis, and appears on the surface to be a direct 
continuation of it. As a matter of fact, only a portion of the lateral funicmlus 
of the medulla spinalis is continued upwards into this region, for the lateral 


Fig. 732. — The hind-brain and mid-brain; i>osturolateral view. 
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cerebrospinal fasciculus passes into the pyramid of the oj)posito side, ami tlio 
direct cerebellar tract is carried into the restiform body in t he posterior ) egioji. 
The remainder of the lateral funiculus, which eoii^ists chiefly of the lateral 
proper fasciculus and the superficial anterolateral fasciculus, can bo traced 
into the lateral region. Most of these fibres dip beneath the olive and disappear 
from the surface ; but a small strand remains superficial, ujid ascends between 
the olive and the posterolateral sulcus. In a depression at the upper end of 
this strand is the acoustic nerve. 

The olive is situated lateral to the pyramid, from which it is separated by 
the anterolateral sulcus and the fibres of the hypoglossal nerve. Behind, 
it is separated from the posterolateral sulcus by tho small superficial strand 
of the lateral funiculus already referred to.' It is about 1*25 cm. long, and 
between its upper end and the pons there is a slight depression to which the 
roots of the facial nerve are attached. The external arcuate fibres udnd 
backwards across the lower part of the pyramid and olivo and enter the 
restiform body. 

The posterior region of the medulla oblongata (fig, 733) lies behind the 
posterolateral sulcus and the roots of tho accessory, vagus, and glossopharyngeal 
nerves, and, like the lateral region, is divisible into a lower and an i|pper portion. 
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The lower part is Limited behind by the posterior median fissure, and consists 
of the fasciculus gracilis and the fasciculus cuneatus, the direct upward pro* 
longations of the posterior funiculi of the medulla spinalis. The fasciculus 
gracilis is placed parallel to and along the side of the posterior median fissure, 
and is separated from the fasciculus cuneatus .by the postero-intermediate 
sulcus and septum. The fasciculus gracilis and fasciculus cuneatys are at first 
vertical ; but at the lower part of the rhomboid fossa they diverge from the 
middle luit in a V-shaped manner, and each presents an elongatwi swelling. 


Fig. 733. — The uppor part of the medulla spinalis and the hind- and mid-brains; 
exposed from behind. 
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The upper part of the interior region of the medulla oblongata is occupietl 
"by the restiform body, a thick rope-like strand situated beUveen the lower part 
of the fourth ventricle and the roots of the glossopharyngeal and vagus nerves. 
The two restiform bodies connect the medi^a spinalis and medulla oblongata 
with the cerebellum, and are sometimes named the inferior peduncles of the 
cerebMum. As they ascend, they diverge from one another, and assist in 
forming the lower parts of the lateral boundaries of the fourth ventricle ; higher 
up, they are directed backwards, each passing to the corresponding cerebellar 
hemisphere. Near their entrance into the cerebellum they are crossed by 
several strands of fibres, which run to the median sulcus of the rhomboid fossa 
and are named the strice medullares. The restiform body appears to be the 
upward continuation of the fasciculus gracilis and fasciculus cuneatus, but 
the fibres of these fasciculi end in the nucleus gracilis and nucleus cuneatus : 
its constitution will be subsequently discussed. 

Internal structure of the medulla oblongata.— Although the oxtemal 
form of the medulla oblongata bears a certain resemblance to that of the upper 


Fig. 734. — Soctiou of tlie medulla oblon- 
gata below the level of tho decussation 
of tbo pyramids. (Testiit.) 



1 . Anterior median flusurc. 2. Po»t4>rior median 
■sulcus. 3. Anterior column (in red), with 3', anterior 
root. 4. Posterior column (In blue), with 4\ 
lx>sterlor root, 5. Lateral cercbro.spinal fasciculus. 
6. Posterior funiculus. The arrow, a a\ Indicates the 
oourso of tho decussation of the pyramids; tlic arrow, 
b b\ that of the decussation of tlie lemniscus. 


Fig. 735. — Section of the medulla oblon- 
gata at the level of the decussation of 
llio y)\rmnids. ‘ (Tostiit.) 



1. Anterior median fissure. 2. Postern »r median 
^ulciis. 3. Motor roots. 4. Sensory roots. 5. Hose 
of the anterior roluinn, from which the licjid (5') 
has been detached by the lateral f crobrospinal 
fascioiUiis. 0. Defnissatioii of the pyramids. 
7, Posterior cohiiuns (in blue), s. XiicIcum uracllis. 


part of the medulla spinalis, its internal structure differs widely from that of 
the latter, and this for the following principal reasons : (1) certain fasciculi 
of nerve-fibres which extend from the medulla spinalis to the brain, or vice versa, 
undergo a rearrangement in their passage through the medulla oblongata ; 
(2) other fasciculi of the medulla spinalis end in the medulla oblongata ; (3) new 
fasciculi originate in the grey substance of the medulla oblongata and pass to 
different pstrts of the brain ; (4) tho grey substance, which in the medulla 
spinalis forms a continuous H-shaped column, is greatly modified and sub- 
divided in the medulla oblongata, where also new masses of grey substance 
are added ; (6) on account of the opening out of the central canal of the 
medulla spinalis, certain parts of the grey substance, which in tho medulla 
spinalis were more or less centrally situated, are displayed in the rhomboid 
fossa ; (6) the medulla oblongata is intimately associated with many of the 
cerebral nerves, some arising from, and others ending in, nuclei within its 
substance. 

The internal structure of the medulla oblongata is best studied in a series 
of transverse (figs. 738, 739) and longitudinal sections. A short description 
of tho course taken by the principal fascdculi, and of the arrangement of the 
grey substance, wilt now be given. 

The cerebrospinal fasciculi* — ^The downward course of these fasciculi 
from the pyramias of the medulla oblongata and their partial decussathm 
have already "been described (p. 755). In crossing to reach the lateral funiculus 
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of the opposite side, the fibres of the lateral cerebrospinal fasciculi run back- 
wards through the anterior columns, and separate the head of each of these 
columns from its base (figs. 734, 736). The base retains its position in relation 
to the ventral aspect of the central canal, and, when the latter opens into 
the fourth ventricle, appears in the rhomboid fossa, or floor of the ventricle, 
close to the middle line, where it forms the nuclei of the hyx^glossal and 
abducent nerves ; while, above the level of the ventricle it exists as the nuclei 
of the trocni^r and oculomotor nerves in relation to the floor of the cerebral 
aqueduct. The head of the column is pushed lateralwards and forms the 
nuclms ambiguvs which gives origin from below upwards to the cerebral 


Fi( 4. Superior tcrniinations of tho 

fas«*i«-ulM.s graciliN and fasciculus cunea- 
tus of tlic* iiitMliilla spiujilis. (Testut.) 


Fig. 737. — Transverse section passing 
through the sensory decussation (decus- 
.sation of the lemniscus). (Schematic.) 
(Testut.) 




1 . Ai)U*rior median flesure. 2. rr^terior median 
hulcus. 3, 3'. Head and base >f anterior column 
(in red). 4. Uyi)<)SloBsal nerve. 5. Basea of the. 
I)osterior column. C' , 'f ul ^rculniu clnereum (tubercle 
of Holando). (i. Wu.deua gracilis 7. Nucleus 
cuneatus. 8, 8. Lemniscus. P. Sensory deenssn- 
tion. 10 Pyramid. 


part of the accessory nerve and the 
motor fibres of the vagus and glosso- 
pharyngeal nerves ; liigher up, the 
head o| the column is represented 
by the motor nuclei of tho facial 
and trigeminal nerves. 

The fasciculus gracilis and 
fasciculus cuneatus constitute tho 
posterior sensory fasciculi of the 
medulla spinalis ; they are pro- 
longed upwards into the lower 
part of the medulla oblongata, wVicre they end respectively in tho nucleus 
gracilis and nucleus cunoatus. These two nuclei are continuous with the 
central grey substance of the medulla spinalis, and may be regarded as 
dorsal projections of it, each being covered superficially by the fibres of 
the corresponding fasciculus. On transverse section (fig. 738), tho nucleus 
gracilis appears as a single, more or less quadrangular mass, while the nucleus 
cuneatus consists of two parts : a larger, somewhat triangular, medial 
composed of small or medium-sized cells, and a smaUerJ^.(e^{ containing 

large cells. 

The fibres of the fasciculus gracilis and fasciculus cuneatus end by arborising 
around the (^ells of these nuclei (fig. 736). From the cells of the nuclei new 
fibres arise ; some of these are continued as the external arcuate fibres into 
the restiform body of the same side, and through it to the cerebellum, but most^ 
of them pass^ forwards as the internal arc/mte fibres through the neck of the 



J. Ptjsterior inciliun sulciw. 2 V IW i«*ulu- 
graeilis. 3. Fasciculus cuncatus.'-M Nucleus 
gracilis. 5. Nucleus cunenius. G, G', 6 . Scusoiy 
libres forming (he lemniscns 7. St'nsory decussa- 
tion. 8. Cerebellar llbrc.?, O. Cerebellar 

fibres, crossed. 
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posterior column, thus cutting off its head from its base (fig. 737). Curving 
forwards, they decussate in the middle line with the coiTesponding fibres of the 
opposite side, and run upwards immediately behind the cerebrospinal fibres, 
as a flattened band, named the Umniacus or fillet. The decussation of these 
sensory fibres is situated above that of the motor fibres, and constitutes the 
decussation qt the lemniscus or sensory decussation. The lemniscus is joined by 
the spinothmamic fasciculus (p. 766), the fibres of which are derived froni 
the cells of the posterior grey column of the opposite side of the medulla 
spin<alis. 

The base of the posterior column at first lies on the dorsiil aspect of the 
central canal, but when the latter opens into the fourth ventricle, it appears 
in the lateral part of the rhomboid fossa. It forms the terminal nuclei of the 


Fio. 738. — Section of the medulla oblongata at about the middle of the olive. 

(Schwalbe.) 
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sensory fibres of the vagus and glossopharyngcnil nerves, and is associated 
with the vestibular part of the acoustic nerve and tlio sensory rof)t of the facial 
nerve. Still higher, it forms a mass of pigmented cells — the locus ccrrnlcus — 
in which some of the sensory fibres of the trigeminal nerve appear to end. 
The liead of the posterior column forms a long nucleus, in wliicb the iibres of 
the spinal tract of the trigeminal nerve largely end. 

The direct cerebellar fasciculus leaves the lateral region of the inodnlla 
oblongata ; most of its fibres arc carried backwards into the rostiform body 
of the same side, and through it are conveyed to the cerebellum ; but some 
run upwards with the fibres of the lemniscus, and, reaching the inferior colliculus, 
undergo decussation, and are earned to the cerebellum through the brachium 
eoniunctivum. 

The proper fasciculi (basis bundles) of the anterior and lateral funiculi 
lai'gely consist of inteise^iental fibres, which link together the different seg- 
ments of the medulla spinalis ; they assist in the ptr^uction^ of the formatio 
reticularis of the medulla oblongata, and many of them are accumulated into 
a fasciculus which runs up close to the median raphe between the lemniscus 
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and the rhomboid fossa ; this strand is named the medial hi^itudinalfascicuhis, 
and will be again referr^ to. 

Grey substance of the medulla oblongata (figs. 738, 739).— In addition 
to the gracile and cimeate nuclei, there are several other nuclei to be con- 
sidered. Some of these are traceable from the grey substance of the medulla 
spinalis, while others are unrepre.sented in it. # 

1. The hr^,Vj^sal nucleus is derived from tho base of the anterior column ; 
in the lower, closed part of the medulla oblongata it is situated on the ventro- 
lateral aspect of the central canal ; but in the upper, open part it approaches the 
rhomboid fossa, where it lies close to the middle line, under an eminence named 
the trigonum hypoglossi (fig. 753). Tho nucleus measures about 2 cm. in length, 
a:nd consists of large multipolar nerve-cells the axons of which constitute the 


Prr.. 7i»0. — action uf tlio medulla oblongata below the middle 

of tlio olive. 
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roots of tho hypoglossal nerve. These nerve-roots pass forward between the 
anterior and lateral regions of the medulla oblongata, and emerge at ' 
the anterolateral sulcus. 

2. Tho motor nucleus (figs. 740, 741), common to the glossopharyngealy vagus, 
and cerebral part of tho accessory nerves, is named the nucleus ambiguus. It 
represents tho head of the anterior column, lies deeply in the formatio 
reticularis grisea, and extends throughout nearly the whole Length of the 
medulla oblongata. 

3. The terminal nucleus of tho sensory fibres of the glossopharyngeal and 
vagus represents the base of tho posterior column (figs. 740, 742). It measures 
about 2 cm. in length, and in the lower, closed part of the medulla oblongata 
is situated behind the hypoglossal nucleus ; whereas in the upper, open part 
it lies lateral to that nucleus, and corre8iK)nds to an area, named the ala cinerea 
or trigonum vagi, in the rhomboid fossa. 

4. The nudei of the acoustic nerve arc described on p. 775. 

5. The olivary nuclei (fig. 738) are three in number on either aide of the 
middle lino, viz. the i^crior olivary, .nucleus, and the 

accQSSpry ojiyary nuclei ; they consist of small, roimd, yellowish cells and 
liumerous fine nerve-fibres, (a) The inferior olivary nudeus is the largest, 
and is situated within the olive. It consists of a grey folded lamina arranged 
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in the form of an incomplete capsule, opening medially by an aperturo called 
the hilvm ; emerging from the hilum arc numerous fibres which collectively 
constitute the paunch of the olive. (6) The medial accessory olivary nucleus 
lies between the inferior olivary nucleus and the pyramid, and forms a curved 
lamina, the concavity^ of which is directed laterally. The fibres of the 
hypoglossal njerve, as they 

b^^tvTpon f lio '<'40.— The nuclei of the cerebral nerves schemati- 

ecn the medial acets- cally represented; dorsal view. Motor nuclei, in 

sory and the mferior olivary ^ 3 ^; sensory in blue. (The olfactory tmd opth^ 

nuclei.' (c) The dorsal acces- centres arc not represented.) 
sory olivary nucleus is the 
smaljest, and appears on 
transverse section as a 
curved lamina behind the 
inferior olivary nucleus. 

The inferior olivary 
nucleus is connected — 
with that of the opposite 
side by fibres which cross ly 

through the raphe ; (2) with 
the anterior column of the 
same side of the medulla 
spinalis by the spino-olivary 
fasciculus ; (^) with the 

thalamus of the cerebrum 
by the cerchro-olivary fasci- 
culus which passes through 
the pons and tegmentum ; 

(4) with the opposite cere- 
bellar hemisphere by the 
cerebello-olivary fasciculus 
(fig. 743), the fibres of which 
cross the raphe and turn 
backwards to enter the deep 
part of the restiform body. 

Removal of one cerebellar Xuchuf uf/ibi^uus 
hemisphere is followed by ' 

atrophy of the opposite 
olivary nucleus. 

6. The nucleus arcuaius 
is described below with the 
external arcuate fibres. 

Restiform bodies.—The 
position of the restiform 
bodies has already been 
described (p. 765), Each 
comprises : (ly' the direct 
cerebellar tract, which as- 
cends from the lateral funi- 
culus of the same side of 

the medulla spinalis; (^) the cerebolUj-olivaiy fasciculus described abov^o ; 

descending cerebellar fibres, many of which are disseminated throughout 
the peripheral part of the anterior and lateral funiculi of the medulla spinalis, 
while others pass to the motor nuclei of the ccrchraL nerves ; and thc‘ 
external arcuate fibres. 

The eternal arcuate fibres vary as to their prominence in different cases : 
in some they form an almost continuous layer covering the pyramid and olive, 
while in others they are barely visible on the sm-face. They arise from tlu* 
cells of the nucleus gracilis and nucleus ermoatus, pass forwards through the 
formatio reticularis, and decussate in the middle line. Most of them reach 
the smface by ^vay of the anterior median fissure, and arch baek\Aard8 over 
the pyramid. Reinforced by others which emerge between the pyramid and 
olive, they pass backwards over the olive and lateral region of the medulla 
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Fig. 742 , — The primary terminal nuclei of the afferent (sensory) cerebral nerves 
schematically represented; lateral view. The clfactoi^^ optic centres are 
omitted. 
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oblongata, and enter the restiform body. They thus connect the cerebellmn 
with the nucleus gracilis and nucleus cuneatus of the opposite side. As the 
fibres arch across the pyramid, they enclose a small nucleus which lies in front 
of and medially to the pyramid. This is named the nvdeus arcmtiM, and is 
serially continuous above with the nuclei pontis : it contains small fusiform 
cells, around « which some of the arcuate fibres end, and from which others 
arise. 

A few fibres are said to arise from the nucleus gracilis and nucleus cuneatus 
and to pass to the restiform body of the same side. 


Fig, 743. — Diagram showing the course of the arcuate fibres. (Testut.) 



1. Medulla oblongata, anterior surface. 2. Anterior median fissuro. 3. Fourth ventricle. 
4. Inferior olivary nucleus, with the accessory olivary nuclei. 5. Nucleus gracilis. 6. Nucleus 
cuneatus 7. Spinal tract and nucleus of trigeminal nerve. 8. Bestiform bodies. 0. Posterior 
external aionate fibres. 10. Anterior external arcuate fibres. 11. CerebellO'OUvary fasdouluB. 
12. Peduncle of Inferior olivary nucleus. 13. Nucleus arcuatus. 14. Vagus nerve. 15. Hypoglossal 
nerve. 


Formatio reticularis (fig. 744). — ^This term is applied to the coarse 
reticulum which occupies the anterior and lateral regions of the medulla oblon- 
gata. It is situated behind the pyramid and olive, extending laterally as 
far as the restiform bodies, and dorsally to within a short distance of the 
rhomboid fossa. The reticulum is caused by the intersection of bundles of 
fibres running ai right angles to each other, some being longitudinal, others 
more or less transverse in direction. In the formatio reticularis of the anterior 
region, there is an almost entire absence of nerve-cells, and hence this part is 
known as the substantia reticularis alba ; whereas in the lateral region nerve-cells 
are numerous, and as a consequence the formatio presents a grey appearance, 
and is termed the substantia reticularis grisea. 

In the substance of the formatio reticularis are two small nuclei of grey 
matter : one, the nj^ens. qf BbUer, near the ventral surface of the h;^oglossal 
nucleus ; the other, thej^^et4a.Za^em2id;, between the olive and the spinal tract 
of the trigeminal nerve. 

In the substantia reticularis alba the longitudinal fibres form two well- 
defined fasciculi, viz. : (1) the lemniscus^ which lies close to the raphe, immedi- 
ately behind the fibres of the pyramid ; and (2) the medial longitudinal fasciculus, 
which is continued upwards from the anterior and lateral proper fasciculi 
of the ihedulla spinalis, and in the upper part of the medulla oblongata lies 
between the lemniscus and the grey substance of the rhomboid fossa. The 
lonmtudinal fibres in the substantia reticularis groea are derived from fasciculi 
of ime lateral funiculus of the medulla spinaliB with the exception of the lat^al 
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cerebrospinal fasciculus, which has passed over to the anterior region of the 
opposite side, and the direct cerebellar fasciculus which has entered the resti- 
form i)ody. They form indeterminate fibres, with the exception of a bundle 
named the fasciculus solUarius, which consists of descending fibres of the 
vagus and glossopharyngeal nerves. The transverse fibres of the fonnatio 
reticularis are the arcuate fibres already described (pp. 767, 769), 

♦ 

Fig. 744. — Tin" roticulfuis tlic mecluIUi oblongata, shown in u transverse 

S('('tion through the middle of ilio olivo. (Testut.) 



1. Aiil<*iuii iiKHli.'Ui a-ssure. 2. loudji Nriifrlcje. 3. Kormntio nHiciiIuiiM, with 3', it? Iiih‘rnnl 
part, (reticularis alba), and 3", its external part (reticularis grisea). liar he. '• Pyramid, b. Lem- 
uiacu-i. 7. Inferior olivary rniclens, with tiie (.wo accessory olivary nuclei. 8. Hyf^oglossal nerve, 
with 8', its nucleus of origin, a. Vagus nerve, with 9', its nucleus of termination. H>. Medial vesti- 
bular nucleus. LI, Xiielcua ambiguus (nucleus of origin of motor tibu's oi glossopharyngeal, vagus, 
ami cerebral portitm of accessory). 12. Nucleus gracilis. 13. Nucleus cMueatiis. 11. Nucleus of 
tiigemhial nerve, witn l i', the spinal r Jot of trlgtraii al nerve. l.>. Kaseiculus solitarius. Ih. Jixterual 
areuate fllm*s, with 10', the luirleus an ntus. 17. Nucleus lateralis 19. Llpula. 


uipjjiM Anatom ij.-—h\ bulbar parahfsia/i.o. paralysis of t ho modulla oblongata, which 
is really a special form of a progrt'.ssivo dogoiicration affecting the, wliolc efferent or motor 
tract, the disease begins with impairmoiit of the movements of the lips, tongue, pharynx, 
and larynx, duo to degeneration of the motor cells in tlie nuclei of the medulla f)hlongata. 
Speech and swallowing hecomo ditlicult, and the saliva <lrihbles from the open mouth. 
Otlier groups of rnnseles soon become, involved, and death often occurs from * aspiration 
pneiuiionia,’ set up In food that has accidentally passed do\ui the trachea. 


Tixk Pons 

The pons (poas VaroUi) or fore part of tho rhombencephalon is situated in 
front of the cerebellum. Prom its superior surface the cerebral peduncles 
emerge, one on cither side of the middle line. Curving round each peduncle, 
close to tho ujiper surface of the pons, a thin white band, the tcenia pontis^ 
is frequently seen ; it enters tho cerebellum between the brachium pontis and 
brachium conjunciivuni. Behind and below, the pons is continuous with 
the medulla oblongata, but is separated from it in front and laterally by a 
transverse furrow in w'hich the abducent, facial, and acoustic nerves appear. 

Its ventral or anterior surface is prominent, marketily convex from side 
to side, less so from above downwards. It consists of transverse fibres arched 
like a bridge across the middle line, and gathered on either side into a compact 
mass which forms the brachium pontis. It rests upon the clivus of tho sphe- 
noidal bone, and is limited above and below by well-defined borders. In the 
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middle line is the shallow sulcm basilaris for the lodgment of the basilar artery ; 
this sulcus is bounded on either side by an eminence caused by the descent of 
the cerebrospinal fibres through the substance of the pons. Lateral to these 
eminences, near the upper border of the pons, the trigeminal lUii vcs make tlieir 
exit, each consisting of a smaller, medial, motor root, and a larger, lateral, 
sensory root ; vertical lines drawn immediately lateral to the attaohmonts of 
the trigeminal nerves, may be taken as the boundaries between the ventral 
surface of the pons and the brachia j)ontis. 

Its dorsal or posterior surface, triangular in shape, is hidden by the cere- 
bellum, and is bounded laterally by the brachia conjunctiva ; it forms tlie 
upper part of the rhomboid fossa, with w^hich it will be described. 

Structure (fig. 745). — ^Transverse sections through the pons show' it to be 
composed of two parts ; a ventral or basilar portion consisting for the most ])art 
of fibres arranged in transverse and longitudinal bundles, together with a 
‘ small amount of grey substance ; and a dorsal or t^mental portion continuous 
wiili the reticular formation of the mecTuTTa^oblongata, and most of the con- 
stituents of which are prolonged into the tegmenta of th(i cerebral peduncles. 

The basilar part of the pons consists of : (a) superficial and deep transverse 
fibres, (b) longitudinal fasciculi, and (c) some small nuclei of grey substance 
termed the nuclei pontis. 

The superficial transverse fibres constitute a rather thick layer on the ventral 
surface of the pons, and are collected into a large rounded bundle on either side. 
This bundle, with the addition of some transverse fibres from the deeper portion 
of the pons, forms the greater part of the braehinni ])ontis. 

The deep transverse fibres partly intersect and partly lie on the dorsal as})cct 
of the longitudinal fasciculi. They cour.se to the laft^ral border of t}u3 pons, and 
form part of the brachiimi pontis ; the furthei’ connexions of this brachium 
will bo discussed with the anatomy of the cerebellum. 

The longitudinal fasciculi arc continued froiti the cerebral peduncles, and 
enter the upper surface of the pons. They stream downwards on either side 
<)f the middle lino in bundles, scjparatcd from one another by the deep transverse 
fibres, and give rise to the eminences on the ant(‘i lor surface. Sonui of tlu^s<) 
fibres end in the nuclei pontis, and others, after decussating, in the motor 
nuclei of the trigeminal, abdiujcnt, facial, and hypoglossal nerves ; but most 
of them are carried through the pons, and at its lower snrfaec^ are collwicd 
into the pyramids of the medulla. The fibres which end in the motor nuclei 
of the cerebral nerves are derived from the pyramidal cells of the cerebral 
cortex, and bear the same relation to the motor cells of the cerebral nerves 
as the cerebrospinal fibres bear to the motor cells in tlie anterior column of 
the medulla spinalis. 

The 'nuclei pontis are serially continuous with the arcuate nuclei in the 
medulla, and consist of small groups of multipolar nerve-cells which are scattered 
betw'een the bundles of transverse fibres. 

The dorsal or tegmental part of the pons is chiefly composed of an upward 
continuation of the reticular formation and grey substance of the medulla 
oblongata ; it is divided by a median raphe. It consists of transverse and 
longitudinal fibres and contains imx)ortant grey nuclei. In the lower part 
of the pons the transverse fibres of the tegmental part arc collect<Ml into a 
strand, named the trapezoid body. This consists of fibres which arise from 
the cells of the ventral or accessory cochlear nucleus, and will be referred to in 
connexion with the cochlear division of the acoustic nerve. In the substance 
of the trapezoid body is a collection of nerve-cells, termed the trapezoid nucleus. 
The longitudinal fibres are continuous with those (jf the medulla oblongata, 
and are mostly collected into two fasciculi on either side. One of these lies 
between tlio trapezoid boiiy and the reticular formation, and is the upward 
prolongation of the lemniscus ; the second is situated near the floor of the fourth 
ventricle, and is the medial longitudinal fasciculus. Other longitudinal fibres, 
more iliffusoly distributed, arise from the cells of the grey substance of 
the pons- 

Tho rest of the dorsal part of the pons is a continuation upwards of the 
formatio reticularis of the medulla oblongata, and, like it, presents the appear- 
ance of a network, in the meshes of which are numerous nerve-cells. Bedsides 
these scattered nerve-cells, there are some larger masses of giey substance, 
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viz. the superior olivary nucleus and the nucbi of the.trigemiiikaJLjit^^ 
and.acouatio nerves (fig. 7 40) . 

1. The superior olivary nucleus is a small mass of grey substance situated 
on the dorsal surface of the lateral part of the trapezoid body. Rudimentary 
in man, but well developed in certain animals, it exhibits the same structure 
as the infei^r olivary nucleus, and is situated immediately above it. Some 
of the fibr^^ef the trapezoid body end by arborising around the cells of this 
nucleus, while others arise from these cells. 

2. The nuclei of the trigeminal nerve in the pons are two in number : a motor 
and a sensory. The motor nucleus is situated in the upper part of the tous, 
close to its posterior surface and along the line of the lateral margin ot the 
fourth ventricle. The axons of its cells form a portion of the motor root of 


Fig. 745. — Coronal section of the pons, at its upper part. (Testut.) 



10 


1. Fourth ventricle ; its ependyi la is coloured yellow. 2. Anterior medullary velum, with 2 
white stratum, and 2 *, its grey stratum. 3. Mesencephalic root of trigeminal nerve. 4. Neryo-ceUs 
associated with this root. 5. Medial longitudinal fasciculus. 6. Formatlo reticularis. 7. 
sulcus. 8. Section of brachlum oonjunctivum. 9. Medial lemniscus. 9'. Lateral lemniscus. 10, 10. 
Transverse fibres of pons. 11, 11. Cerebrospinal fasciculi. 12. Raphe. V. Trigeminal nerve. 


the trigeminal nerve : the remaining fibres of the motor root of this nerve 
consist of a fasciculus which arises from the grey substance of the floor of the 
cerebral aqueduct, and hence is named the m^encepholic root The sensory 
n/adeus is lateral to the motor one, and beneath the braebium conjunctivum. 
Some of the sensory fibres of the trigeminal nerve end in this nucleus ; but the 
greater number descend, imder the name of the spinal tract of the trigeminal 
nerve, to end in a nucleus which is continuous below with the substantija 
gclatinosa of Rolando. The motor and sensory roots of the trigeminal nerve 
pass through the substance of the pons and emerge near the upper margin 
of its anterior surface. 

3. The nucleus of the abducent nerve is a spherical mass of g^y substance 
situated close to the floor of the fourth ventricle, above the stria) medullares 
and subjacent to the medial eminence : it lies a little lateral to the ascending 
part of the facial nerve. The fibres of the abducent nerve pa^ fcxrward through 
the entire thickness of the pons on the medial side of the superior olivary nucleus 
and between the lateral fasciculi of the cerebrospinal fibres, and emerge in the 
furrow between the Ipwer border of the pons and the pyramid of the medulla 
oblongata. 
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4. The nucleus of the facial nerve is situated deeply in the reticular formation 
# dorsal aspect of the superior olivary nucleus, and the roots 

derived from it pursue a remarkably tortuous course in the 
substance of the pons. At first they pass backwards and medialwards until 
they reach the rhomboid fossa, close to the median sulcus, where they are 
collected into a round bundle ; this bundle passes upward and forwards, 
pioducing an elevation, the colliculus fasialis, in the rhomboid fossa, and 
taking a sharp bend round the nucleus of the abducent nerve, arches 
lateralwards through the substance of the pons to emerge at its lower border 
in the interval between the olive and the restiform body of the medulla 
oblongata. 

6. The nuclei of the acoustic nerve. — The acoustic nerve consists of a cochlear 
and a vestibular nerve. The fibres of the cochlear nerve end in two nuclei : 
(a) the lateral cochlear nudeus, on the dorsolateral surface of the restiform 
body ; and (6) the ventral or accessory cochlear^ nucleus^ on the ventral aspect 
of the restiform body. The nuclei in which the vestibular nerve ends are 
(a) the medial or Mef vestibular nucleus, corresponding to the lower part of 
the area acustica in the rhomboid fossa ; the caudal end of this nucleus is 
termed (6) the descending or spinal vestibular nucleus ; (c) the lateral vestibular 
nucleus (nucleus of Doiters), consisting of large multipolar cells and situated in 
the lateral angle of the rhomboid fossa ; the dorsolateral part of this nucleus 
is sometimes termed (d) the superior vesicular nucleus (nucleus of Bechterew), 

Applied Anatomy . — ^Injury to the pons, such as may occur on the occlusion or rupture 
of one of its blood-vessels, often gives rise to a special train of symptoms that is almost 
diagnostic. Pontine lesions are characterised mainly by ‘ alternate paralyses * ; that is to 
ssji by paralysis of one of the motor cerebral nerves on one side, and of the limbs on the 
other side of the body. Thus a haemorrhage into the lower part of the pons might cause 
par^ysis of the face (* lower segment paralysis *) on the same side, from destruction of the 
facial nucleus or nervo-root, and paralysis of the arm and log on the opposite side from 
injury to the adjacent cerebrospinal tract. In the same way, paralysis of the Bectus 
lateralis of one eye and of the Bectus medialis of the other (‘ conjugate paralysis * of the 
muscles turning the two eyes in one direction) and often paralysis of one side of the face as 
well, together with palsy of the limbs on the opposite side of the body, may be found when 
the lesion occurs about the nucleus of the abducent nerve. Hearing is often unaffected in 
pontine lesions, possibly because the central acoustic tract occupies a ventral and lateral 
position in the pons. 


The Cerebellum 

The cerebellum constitutes the largest part of the hind-brain. It lies 
behind • the pons and medulla oblongata ; between its central portion and 
these structures is the cavity of the fourth ventricle. It rests on the inferior 
fossse of the occipital bone and is covered by tho tentorium cercbolli, a fold of 
dura mater which separates it from the tentorial surface of the cerebrum. 
It is somewhat ovoid in form, but constricted medially and flattened from 
above downwards, its greatest diameter being from side to side. Its surface 
is not convoluted like that of the cerebrum, bulb is traversed by numerous 
curved furrows or sulci, which vary in depth at different parts, and sex>arate 
the laminae of which it is composed. Its average weight in the male is about 
160 gms. In tho adult the proportion between the cerebellum and cerebrum 
is about 1 to 8, in the infant about 1 to 20. 

Lobes of the cerebellum. — ^The cerebellum consists of a median and 
two lateral parts. The median portion is constricted, and is called tho vermis, 
from the annulated appearance of its surface ; the lateral expanded portions 
are named the hemispheres. , On the upper surface of tho cerebellum the vermis 
is elevated above the level of the hemispheres, but on the under surface it is 
sunk almost out of sight in a deep depression between them ; this depression 
is called the vallecula eerebelli, and lodges the posterior part of the meduUa 
oblongata. The paH^ of the vermis on the upper surface of the cerobcUatu 
is named the superior vermis ; that on the lower surface; tho inferior vermis.. 
The hemispheres are separated below and behind by a deep notch, the posterior 
cerebdlar notch, and in front by a broader, shallower notch, the afderior cerebellar 
notch. The posterior notch contains the upper part of the falx eerebelli, a fold 
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of dura mater. The anterior notch lies close to the pons and upper part of the 
medulla, and its superior edge encircles the inferior colliculi and the brachia 
conjunctiva cerebelli. 

The cerebellum is characterised by its laminated or foliated appearance ; 
it is marked by curved tissures, which extend for a considerable distance into 
its substance^ "and divide it into a series of layers or folia. The largest and 
deepest fissure is named the horizontal miens. It commences in front at the 
pons, and passes horizontally round the free margin of the hemisphere to the 
middle lino beliind : it divides the cerebellum into an upper and a lower portion. 
Several secondary but dee^) fissures separate the cerebellum into lobes, and 
these are further subdivided by shallower sulci, which separate the individual 
folia or laminae from each other. Sections across the laminas show that the 
folia, though differing in appearance from the convolutions of the cerebrum, 
are analogous to them, inasmuch as they consist of central white substance 
(‘overed by grey substance. 


Fi(i. 740. — The superior surface of the cerebellum. (Schafer.) 



The cerebellum is coimected to the cerebrum by the brachia conjunctiva, 
to the pons by the brachia pontis, and to the medulla oblongata by the restiform 
bodies. 

The superior surface of the cerebellum (fig. 746) is elevated in the 
middle and sloped towards the circumference, the hemisphere.^ being con- 
nected together by the superior vermis, which assumes the form of a raised 
median ridge, most prominent in front, but not sharply defined from the 
hemispheres. 

The superior vermis is subdivided from before backwards into the lingula, 
the lobulus centralis, the monticulus and the folium vermis, and each of these, 
with the exception of the lingula, is continuous with corresponding parts of 
the hemispheres — the lobulus centralis with the al», the monticulus with the 
c[uadrangular lobules, and the folium vermis with the superior semilunar lobules. 

The lingula is a small tongue-shaped process, consisting of four or five 
folia ; it lies in front of and is concealed by the lobulus centralis. It rests 
on the dorsal surface of the anterior medullary velum, and its white substance 
is continuous with that of the velum. 

The lobulus centralis and alse. — ^The lobulus centralis is a small square 
lobule, situated in the anterior cerebellar notch. It overlaps the Ungpla, 
but is sepai'ated from it by the 'grecerUral fissure ; laterally, it is continued into 
each hemisphere, as a wing-liko prolongation, the aJa lobuli cmlralis. 

The monticulus and quadrangular lobules.— The monticulus is the 
largest part of the superior vermis. Anteriorly, it overlaps the lobulus centralis 
from which it is separated by the :^o$te&tUral fissure ; laterally, it is continuous 
with the quadrangular lobules in the hemispheres. It is divided by the Jiredivql^ 
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fismre into an anterior, raised part, the cuLm en or sununit, and a posterior 
sloped part, the dims ; the quadrangular lobule is similarly divided. The 
culmen and the anterior parts of the quadrangular lobules form tlio lobns 
culminis ; the clivus and the posterior parts, the lohjiis clivi. 

The folium vermis and superior semilunar lobules.— The folium vermis 
(folium. cacujninis) is a short, narrow, concealed band at the posterior extremity 
of the superior vermis, consisting apparently of a single folium, but in reality 
marked on its upper and under surfaces by seqiondary fissures. Laterally, it 
expands in either hemisphere into a considerable lobule, thi^ superior ^emilnmir 
lobule^ which occupies the posterior third of the upper surface of the hemisphere, 
and is bounded below by the horizontal sulcus. The folium vermis and the 
superior semilunar lobules form the lobus semilunaris. 

The inferior surface of the cerebellum (fig. 747) presents, in the middle 
line, the inferior vermis, buried in the \allecula, and separated from the hemi- 
sphere on either side by a deep groove, the micas vaUecuUe. This surface. 


Fio. 747. — 'Hip inferior Mirfaee of the cori'belhim. (Schiifer.) 



like tho superior, is divided into lobules ; but the arrangement is more com- 
plicated, and the relations of the parts of the vermis to those of the hemispheres 
are less clearly marked. The inferior vermis is subdivided from before back- 
wards, into ; (1) the nodule, (2) the uvula, (3) the pyramid, and (4) the tuber 
vermis', the corresponding parts in the hemispheres are: (1) the flocculus, 
(2) the tonsilla- cerebelli, (3) the biventral lobule, and (4) the inferior semUtinar 
lobule. The three main fissures are: (1) the poslnodular fissure, which runs 
transversely across the vermis, between the nodule and the uvula ; in the 
hemispheres this fissure passes in front of the tonsilla and the biventral lob(j 
but behind the flocculus, and joins the anteritvr end of the horizontal sulcus. 
(2) The prepyramidal fissure crosses the vermis between the uvula and the 
pyramid, then curves forwards between the tonsilla and the biventral lobe, 
to join the postnodular fissure. (3) The postpyramidal fissure passes across 
the vermis between the pyramid and the tuber vermis, and, in 1 ho hemisphere, 
coiuscs behind the tonsilla and biventral lobule, and then along the lateral 
border of the biventral lobule to the postnrxlular sulcus ; in the homisphcire 
it forms the anterior boundary of the infcri(»r semilunar lobule. 

The nodule, posterior medulla^ velum and flocculus.— The nodule, 
or anterior end of the inferior vermis, abuts against the roof of the fourth 
ventricle, and can only be distinctly se^en after the cerebellum has betm separated 
from the medulla oblongata and pons. On either side of the nodule is a thin 
layer of white substance, named the posterior medullary velum. It is semi- 
lunar in form, its convex border being continuous with the white substance 
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of the cerebellum ; it extends on either side as far as the flocculus. The 
flocculus^ is a prominent, irregular lobule, situated in front of the biventral 
lobule, between it and the brachium pontis cerebelli. It is subdivided into a 
few small laminm, and is connected to the posterior medullary velum by its 
central white core. The flocculi, nodule, and posterior m^uUary velum 
constitute the lobua noduli. 

The uvuiE^and tonsillm. — ^The uvula forms a considerable portion of the 
inferior vermis ; it is separated on either side from the tonsilla by the sulcus 
vdileculce, at the bottom of which it is connected to the tonsilla by a furrowed 
ridge of grey matter called the furrowed band. The tonsillae are rounded masses, 
situated in the hemispheres. Each lies in a deep fossa, termed the bird^s nest 
(nidus avis), between the uvula and the biventral lobule. The uvula and 
tonsiiise form the lobus umlce. 

The pyramid and biventral lobules constitute the lobus pyramidalis. The 
P 3 n*amid, a conical projection, is the largest prominence of the inferior vermis. 
It is separated from the hemispheres by the sulcus valleculas, across which 
it is connected to the biventral lobule by an indistinct grey band, analogous 
to the furrowed band already described. The biventral lobule is somewhat 
ovoid in shape ; its narrower end points backwards, and is joined by the grey 
band to the p 3 rramid ; its broader end, directed forwards, is on a line with the 
anterior border of the tonsilla, and is separated from the flocculus by the 
postnodular fissure. The lateral border is separated from the inferior semilunar 
lobule by the postpyramidal fissure. 

The tuber vermis and the inferior semilur-ir lobules form the 
iuberis. The tuber vermis, the most posterior division of the inferior 
vemis, is of small size, and spreads out laterally into the large inferior 
semilunar lobules which comprise at least two-thirds of the inferior surface 
of the hemisphere. 


Intebx^al vStructube of the Cerebellum 

The cerebellum consists of white and grey substance. 

White substance. — If a sagittal section (fig, 748) be made through either 
hemisphere, the interior will be found to consist of a central stem of white 
substance, in the middle of which is a grey mass, the dentate nudeua. From 
this central white stem a series of plates is prolonged ; these plates are covered 
with grey substance and form the laminae. In consequence of the main 
branches from the central stem dividing and subdividing, a characteristic 
appearance, named the arbor vitce, is presented. If the sagittal section be 
made through the middle of the vermis, it will be found that the central stem 
divides into a vertical and a horizontal branch. The vertical branch passes 
upwards to the culmen monticuli, where it subdivides freely, one of its rami- 
fications passing forwards and upwards to the central lobule. The horizontal 
branch passes backwards to the folium vermis, greatly diminished in size 
in consequence of having given off large secondly branches : one, from its 
upper surface, ascends to the clivus monticuli ; the others descend, and enter 
the tuber vermis, the pyramid, the uvula, and the nodule. 

The white substance of the cerebellum includes two sets of nerve-fibres : 
(1) JitXOedjiqji^Jibres, (2) fiitrm proprioe. 

Projection fibres. — ^The cerebellum is connected to the other parts of 
the brain by three largo bundles of projection fibres, viz. to the cerebrum 
by the brachia conjunctiva, to the pons by the brachia pontis, and to the 
medulla oblongata by the restiform bodies (fig. 749). 

The brachia conjunctiva (superior cerebellar p^uncles), two in number, 
emerge from the upper and medial part of the white substance of the hemi- 
spheres and are placed under cover of the upper part of the cerebellum. They 
are joined to each other across the middle line by the anterior medullary velum, 
and can be followed upwards as far as the inferior ooUiouli, under wmch thev 
disappear. Below, they form the upper lateral boundaries of the fourth 
ventricle, but as they ascend they converge on the dorsal aspect of the ventricle 
and thus assist to roof it in. 

The ^bres of the brachium conjunctivum are mostly derived from the cells 
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of the dentate nucleus of the cerebellum, and emerge from the hilum of this 
nucleus ; a few arise from the cells of the smaller grey nuclei in the cerebellar 
white substance, and some from the cells of the cerebellar cortex. They are 
continued upwards beneath the corpora quadrigemina, and the fibres of the 
two brachia undergo a complete decussation ventral to the cerebral aqueduct. 
Having crossed the middle line they divide into ascending and descending 
branches ; the end in the red nucleus, the thalamus, and the nucleus 

of the oculppi^Qtpr QCrve, while the lattoc can be traced as far as the dorsal 
pai:t,Qf,the j>ons ; Caj^ believes them to be continued into the anterior funiculus 
of the meduUa spinalis. 

As already stated (p, 766), the majority of the fibres of the superficial 
anterolateral fasciculi of the meduUa spinalis pass through the brachia con* 
junctiva on their way to the cerebellum. 


Fig. 748. — A sagittal section of the left cerebellar hemisphere, near its junction 
with the vermis. (Schafer.) 
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The brachia pontis (middle cerebellar peduncles) (fig. 749) are composed of 
centripetal fibres, which arise from the colls of the nuclei pontis of the opposite 
side and end in the cerebellar cortex ; the fibres arc arranged in three fasciculi, 
superfor, brferior, and deep. The superior fasciculus is derived from the 
upper transverse fibres of the pons ; it is directed backwards and lateral- 
wards superficially to the other two fasciculi, and is distributed mainly to the 
lobules on the inferior surface of the cerebellar hemisphere, and to the parts 
of the superior surface adjoining the posterior and lateral margins. The 
inferior fasciculus is formed by the lowest transverse fibres of the pons ; it 
passes under cover of the superior fasciculus and is continued downwards 
and backwards more or less parallel with it, to be distributed to the folia on 
the under surface close to the vermis. The de^p fasciculus comprises most of 
the deep transverse fibres of the pons. It is at first covered by the superior 
a^ inferior fasciculi, but crossing obliquelv it appears on the medial side of 
the superior, from which it receives a bundle ; its fibres spread out and i)aas 
to the upper anterior cerebellar folia. The fibres of this fasciculus cover 
those of the lestliEorm^body.* 

The restiform bodies (inferior cerebellar peduncles) pass at first upwards 
and lateralwards, forming part of the lateral walls of the fourth ventricle, and 

* See artiele by JS. B. JamiesoD, Journal of Anatomy and Ph^^iologyt vol. xliv. 


780 


NEUROLOGY 


then bend abruptly backwards to enter the cerebellum between the brachia 
conjunctiva and brachia pontis. Each contains the following fasciculi : 
(1) Ihe direct cerebellar tract of the medulla spinalis, which ends mainly in 
the superior vermis ; (2) fibres from the nucleus gracilis and nucleus cuneatus, 
of the .same and of the opposite sides ; (3) fibres from the opposite inferior 
olivary nuck^s ; (4) crossed and uncrossed fibres from the reticular formation 
uf the medulM oblongata ; (5) vestibular fibres, derived partly from the 
vestibular division of the acoustic nerve and partly from the nuclei in which 
this division ends — tliese fibres occupy the medial segment of the restiform 
body and divide into ascending and descending branches ; the ascending 
branches partly end in the roof nucleus of tho opposite side of the cerebellum ; 
(6) ccrcbellobulbar fibres which come from the opposite roof nucleus and 
probably from the dentate nucleus, and arc said to end in the nucleus of Deiters 
and in the fonnatio reticularis of the medulla oblongata. 


Fi<i. 740. — V flisscctioii showing tho projection fibres of the cerebolhiin. 

(E. B. Jamieson.) 

/imehi V m conjunrfivum. 



The anterior medullary velum (valve of Vicussons) is a thin, transparent 
lamina of white substance, which stretches between the brachia conjunctiva ; 
the folia of the lingula are prolonged on to the dorsal surface of its lower half. 
It forms, together with the brachia conjunctiva, tho roof of the upper part of 
the fourth vontriclo ; it is narrow above, where it passes beneath the inferior 
colliculi, and broader below, where it is continuous with the white substance 
of the superior vermis. A median ridge, the frentUum vdi, descends upon its 
upper part from between the inferior colliculi, and on either side of the frenulum 
the trochlear nerve emerges. 

Tho posterior medullary velum is a thin layer of white substance, above 
and on either side of the nodule ; it forma a part of the roof of tho fourth 
ventricle. Somewhat semilunar in shape, its convex edge is continuous with 
the white substance of the cerebellum, while its thin concave margin is appa- 
rently free ; in reality, however, it is continuous with tho epithelium of the 
ventricle, which is prolonged downwards from the posterior medullary velum 
to the tjenia) of the fourth ventricle. 

The two medullary vela are in contact with each other along their line of 
emergence from the white substance of the cerebellum ; and this line of contact 
forms the faptigivm or summit of the roof of the fourth ventricle, which, in a 
sagittal section through tho cavity, appears as a pointed angle. 
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Tho fibrae proprix of the cerebellum are of two kinds; (1) commisauml 
fibres, which cross the middle line at the anterior and posterior pai*ts of the 
vermis and connect tho opposite halves of tho cerebellum ; (2) arcuate or 
association fibres, which connect adjacent lobules and laminge with each 
other. 

Grey substance. — ^The grey substance of the cerebellum is found in two 
situations : (1) on the surface, forming tho cortex ; (2) as independent masses 
in tho interior, 

(1) The grey substance of the cortex presents a characteristic foliated 
appearance, duo to the series of laminoc which project from the central 
white substance ; these in their turn give off secondary laminas, which arc 
covered by groy substance. Externally the cortex is covered by pia matet ; 
internally it rests on the white substance. 

Microscopic appearance of the cortex (fig. 750). — The cortex consists of two 
layers, viz. an external grey, or molecular, layer, and an internal rust-coloured, 
or nuclear, layer ; between these is an incomplete stratum of cells, tho cells 
of Purkinje, 

The external grey, or molecular, layer consists of nerve-fibres and cells. Tlie 
fibres comprise : {a) tho dendrites and axon-collaterals of Piirkinjo’s cells ; 
(6) fibres from cells in the nuclear layer ; (c) fibres from tho central white 
substance of the cerebellum ; (d) fibres derived from cells in the molecular 
layer itself. In addition to thc.so are other fibres, which have a vortical direction 
and are the processes of largo neuroglia cells situated in the nuclear layer. 
'Fhcy pass outwards to the periphery of the grey substance, where they 
expand into little conical enlargements which form a sort of limiting membrane 
beneath the pia mater, analogous to the membrana limiians interna of the 
retina. 

The cells of the tnoleciilar layer are small, and are arranged in an inner and 
an outer layer ; they all possc‘SS branched axons. The cells of the inner laj^er 
arc termed basket-cells ; their axons run for some distance parallel with the 
surface of tho folium and give off collaterals which form basket-like networks 
around the bodies of Piirkinje’s cells. 

The cells of Purkinje are peculiar to ihi' cerebellum ; they form a single 
stratum of large, fiask-shaped cells at the junction of the molecular and nuclear 
layers, tlioir bases resting against the latter. The C(^lls are flattened in a 
direction transverse to the long axis of the folium, and thus appear broad in 
sections carried across tho folium, and fusiform in sections jiarallcl to the 
long axis of tho folium. Prom tho neck of thi^ flask one or more dendrites 
arise and pass into the molecular layer, where they subdivide and form an 
extremely rich arborescenco, tlu? various subdivisions of the dendrites being 
covered, by lateral spine-like processes. This arborcseenec, like the coll, is 
flattened at right angles to tlie lorjg axis of the folium : in other words, it 
resembles the branches of a fruit-tree trained against a trellis or a wall. Hcncc, 
in sections carried across the folium the arborcscence is broad and o.xpandcd ; 
whereas in sections ])arall(il to the long axis of the folium, tho arborescenco, 
like the cell, is seen in profile, arid is limit(jd to a narrow area. 

From the bottom of the. flask-shaped cell tho axoii arises; this passes 
through tho nuclear layer, and, bccoTuing mcdullaled, is continued as a nerve* 
fibre in the subjacent white substance. As it traverses the nucloar layer 
it gives c»ff fine collaterals, some of which run into tho iTiolocuIar layer. 

The internal rust-coloured, or mrJea/\ layer (fig. 750) contains iinnu^rous small 
nerve-cells of a reddlsli -brown colour, together with many mirvo-fibrils. Most 
of tho cells are nearly spherical and provided witli short dendrites which spread 
out in a spidcr-liko manner in the nuclear layer. Their axons ]mss into th»> 
molecular layer, and, bifurcating at right angles, run for some dtstanco ]>arallel 
to the long axis of the folium, fn the outei' part of the nuclear layer are some 
larger cells, of the typo Jl. of Golgi. Their axons undergo frequent division 
as soon as they leave tho nerve-cells, and pass into the nuclear layer ; while 
their dendrites ramify chiefly in the molecular layer. 

Finally, in the grey substance of the cerebellar cortex, there are fibres which 
come from the white centre and penetrate tho cortex. The coll -origin of 
those fibres is unknown, but is probably in the grey substance ol the medulla 
spinalis. Some of them end in the nuclear la>^er by dividing into numerous 
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branches, on which are to be seen peculiar moss-like appendages; hence 
they have been termed by Bam6n y Cajal the i^bey form an 

arboresccnce around the cells of the nuclear layer. Other fibres, the 
or isnd Til fibres^ can be traced into the molecular layer, where their branches 
cling arbundTChe dendrites of Purkinje’s cells. 

(2) The independent centres of grey substance are imbedded in the 
white Bubst$^e of the cerebellum, and are faucJn number on either. jside : 
one is of lali*^ size, and is known as the nucleus dentatus ; the other three. 


Fig. 750.— a transverse section of a cerebellar folium. (Diagrammatic, 
after Bamdn y Cajal and Kolliker.) 
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much smaller, are situated near the middle of the cerebelllm, and are known 
as the nucleus emboliformis, nucleus globosus, and nucleus fastigii. 

The rmdefua derUatua (fig. 751) is situated a little to the medial sidd of the 
centre of the stem of the white substance of the hemisphere. It consists of g^n 
irregularly folded lamina, of a CTejdsh-yeUow colour, containing white films, 
and presenting on its anteromedial aspect an opening, the hilum, from whidh 
most of the fibres of the brachium conjunctivum emerge (p. 778). 

The midevA emboliformig lies close to the medial side of the nucleus dentatus, 
and partly covering its hilum. The nudevs globoaua^ an elongate mass, 
lies medially to the nucleus emboliformis, and is directed anteropoateric^ly. 
The nudeus fasligii is somewhat larger than the other two, and is si,t:d^6d 
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close to the middle line at the anterior end of the superior vermis, and ii 
ately over the roof of the fourth ventriclej from which it is separaf^ 
thin layer of white substance. 

Applied Anatomy . — The g^cral functions of the cerebelluni in the human 
appear to be the co-ordination of movements, and equilibration. The exact 
of its different parts are still quite uncertain, owing to the contradictory natu: 
evidence furnished by (1) ablation experiments upon animals, and (2) clinicar 
tions in man of the effect produced by abscesses or tumours affecting different 
of the organ. According to W. Aldren Turner, ‘ The following localising symptom^; 
therefore indicate the presence of a tumour Implicating the right cerebellar h( 



Fig. 751 . — A sagittal section through the right cerebellar hemisphere, 
right olive has also boon cut sagittally. 



and middle peduncle : deafness in the right ear, wxl with middle ^r^cr^ximliOa* 

tions; and imsteady and uncertain gait wit>' a toudency to fall more particuUorjljf 
right side ; coarse nystagmoid oscillations on looking to the rif.ht; movements resembling 
those of disseminated sclerosis on vcUt'Dual .ffurt of the right arm; an awkward uneettain 
action of the right leg ; a slight increase of the "ight knee-jerk; and, perhaps, slight 
blunting of sensibility over the right cornea and side of the face. ’ 


Thk Fourth Vbnti-iclb 

The fourth ventricle, or cavity of the rhombencophalon, is situalbd in 
front of the cerebellum, and behind the pons and upper half of the medulla 
oblongata. Developmentally considered, it consists of three j)arts : a superior 
belonging to the istWus rhombencephab, an intermediate, to the metencephalon, 
and an inferior, to the myelenccphalon. It is lined by ciliated opitholium, 
and is continuous below with the central canal of the medulla oblongata * ; 
above, it communicates, by means of a passage termed the cerebral aqueduct, 
with ^e cavity of the third ventricle. It presents four angles and possesses 
a roof or dorsal ^m3l, a floor or ventral wall (rhomboid fossa), and lateral 
boundaries. 

Angles. — ^The superior angle is on a level with the upper border of the pons, 
and is continuous with the lower end of the cerebral aqueduct. The inferior 
angle is on a level with the lower end of the olive, and opens into the central 
canal of the meduUa oblongata. Each lateral angle corresponds with the 
point of meeting of the brachium conjunctivum and restiform body. A little 

* J. T. WilscMa (Joumat oj AuaUmy and physiology, vol. xl.) has pointed out that the centnd 
canal of the modnlja oblongata, immediately below its entrance into the fourth vontricle, retains 
the oleft-lto form presented by the canal in the fuetal medulla spinalis, and that it is matbed 
by dbreolateral and ventrolateral sulci. 
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the lateral angles, on a level with the stria mednllares, the ventricular 
[ty. is prolonged outwards in the form of two narrow fatewtl recewfia* one 
^“‘ier side ; those are situated betw;een the restiform bodies apd the 
i’and reach as far as the attachments* of the glossopharyngeal and 



ves. 


ral boundaries.— The lower part of each lateral boundary is con- 
by'''^il^clava. the fasciculus cuneatus, and the restiform body ; the 
rt by the brachiura pontis and the brachinm conjunctivum. 

. or dorsal wall (fig. 752). — ^The upper TOrtion of the roof is formed by 
ihia conjunctiva and the anterior medullary velum ; the lower porti^, 
f, posteiior medullary velum, the epithelial lining of the ventricle 
d by the tela chorioidoa inferior, the tseniso of the fourth ventricle, 

obex. , , ^ 

brachia conjunctiva (p. 778), on emerging from the centtfil white sub- 
of the cerebellum, pass upwards and forwards, forming at first the 


Fm. 752 .— A sclirme ot tlio root of the fourth ventricle. The arrow is in the 

foraiiion of Majundip. 
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lateral boundaries of tlie upper part of the ventricle ; on approaching the 
inferipi’ colliculi, they converge, and then.* medial portions overlap the ventricle 
and form part of its roof. 

The anterior medullary velum (p. 780) fills in the angular interval between 
the brachia conjunctiva, and is continuous behind with the central white 
substance c^f the cerebellum ; it is covered on its dorsal surface by the lingula 
of the superior vermis. 

The posterior medullarif velum (p. 780) is continued downw'ards and forwards 
from the central white substance of the cerebellum in front of the nodule and 
tonsillce, and ends inferiorly in a thin, concave, somewhat ragged margin. 
Below this margin the roof of the ventricle is devoid of nervous matter except 
in the imme^ate vicinity of the lower lateral botindaries of the ventricle, 
where two narrow white btods, the tcemcB of the fourth ventricky appear ; these 
bands meet over the inferior angle of the ventricle in a,thin trian^lar 
the obex. The non-nervous part of the roof is formed by the epithelial lining 
of the ventricky which is prolonged downwards as a thin membrane, from tw 
deep surface of the posterior medullary velum to the corresponding surface, 
of the obex and and thence on to the floor of the ventricular cavtty ; ; 

it is covered aM stSrengthened by a. portion of the pia master which la named 
the tela ek^oidea ^f the fourth ventricle. 



. ^ narrow bands of Whit© 

<m ©it&er sid^, which eoukp^ the lower part of the :^f of the 
ye&iifjclei ' Each omsists of a veirtacal' ithd' /a 'hprissontal part. The vertical 
^brt & oontmuous with thje clava, to whi(^ it to ia^erei^ its lateral border. 
Thp borizoQtal mi^on eii^nds transversely aci^rbsa the restiform body, below 
the strtos mednus^s, and roofs in the lower and posterfor part of the lateral 
recess ; it to attach^ by its lower margin t6 the restiform body, and partly 
^closes the ohoHoid plexus, which, however* projects beyond it like a cluster 
^ grapes ; and hence this part of the teania has been termed the 
(Bochdalek). The obex is a thin, triangular, grey lamina, which roofs m the 
lower angle of the ventricle and is attached by its lateral margins to the clav^.* 
The tela chtyrioidea of the fourth DerUricU is the name applied to the triangular 
fold of pia mater which is carried upwards between the cerebellum and the 
medulla <!^longata. It consists of two layers, which arc continuous ^vith 
each other in front, and are more or less advent throughout. The posterior 
layer covers the antero*inferior surface of the cerebellum, while the anterior 
is applied to the structures which form the lower part of the roof of the ventricle, 
and is continuous inferiorly with the pia mater on the restiform bodies -and 
the closed part of the medulla, 

Chorioid plexuses.— Two highly vascular fringe-like processes of the 
tela chorioidea ore named the chorioid plexuses of the fourth ventricle ; they 
invaginate the lower part of the roof of the ventricle and are everywhere covered 
by the epithelial lining of the cavity. Each consists of a vertical and a hori- 
zontal portion : , the former lies close to the middle line, and the latter passes 
into the lateral recess and projects beyond its The vertical parts of 

the plexuses are distinct from each other, but tiro horizontal portions are 
join^ in the middle line ; and hence the entire structure presents the form 
of the letter T, the vertical limb of which, however, is double. 

Openings in the roof. — ^In the roof of the fourth ventricle there are 
ope nin g s, a medial and two lateral : the medial aperture (foramen Majendii) 
is situated immediately above the inferior angle of the ven^WCteT'iJi^ 
apertures are found at the extremities of the lateral recesses. Tlirough these 
openings the ventricular cavity communicates with the subarachnoid cavity, 
and the cerebrospinal fluid can'ciroulate from the one cavity to the other. 

Rhomboid foasa (fig. 753). — ^Tho anterior wall or floor of the fourth ventricle 
is named, from its shape, the rhomboid fossa ; it is formed by the posterior 
surface of the pons and medulla oblongata. Tt is covered by a thin layer 
of grey substance continuous with that of the medulla spinalis ; superficial to this 
is a thin lamina of neuroglia which constitutes the ependyma of the ventricle 
and supports a layer of , coated epithelium. The fossa consists of three parts, 
superior,, intermediate, and inferior. The superior part is triangular in shape 
-and limited laiteraUyJby th^ braphia coniunctiva cerebeili ; its apex, directed 
, WlSETtKe oorebr aJ aguednet ; its base is represented by 
ah imaginary line at the level of the upperen3^ of two small depressions, named 
the, 8Upe ri g>r 4^ TO 0 g. The intermediate part extends from this level to that 
■of the hoiniraM portions of the tseni© of the ventricle ; it is narrow above 
where it to Umited laterally by the brachia pontis, but widens below and is 
prolonged into the lateral recesses of the ventricle. The inferior part is 
tnattgula,r, and its downwardly directed apex, named the calam us scxvp^ili^ 
to .o<!piii$huo\t8 with the wall of the central canal of the closed part of the medulla 


J rhomboid fossa is divided into symmetrical halves by^ a median sulcus 
vrhich reaches from the tipper to the lowi^v angle of the fossa and is deeper 
below thl^ above. On eimer side of this sulcus is ah elevation, the 

hc^und^ laterally by a sulcns, the sulcus Umitans, In the supericur 

has a Width equal to that of the oorre- 

han fossa, nut opposite the superior fovea it forms an elongate^/ 

/aw^Ehhg, tW fa^iaUSr which ;|pverlies the nucleus of the abducehl^ 

- r toe. fottsik obex : (a) tlte obex, constituted by a 

v' of iJto sitid {b} etfake or tho medulfiacy 

h refpxsSsntoa the ,&6r. oloti^ 
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nerve, and is in part produced by the ascending portion of the root of the 
facial nerve. In the inferior part of the fossa the medial eminence assumes 
tho form of a triangular area, the tTig(ynufifi Jiypoglossi^ When examined under 
water with a lens the trigonum hypoglossi is seen to consist of a medial and 
a lateral area separated by a series of oblique furrows ; the medial area corre- 
sponds with the upper part of the nucleus of the hypo^ossaj lierve, the lateral 
with a sroj''-34 nucleus, the nucleus intercalatus. 

The sulS^ limitans forms the lateral boundary of the medial emmence. 
Its superior part corresponds with the lateral limit of the fossa and presents 
a bluish-grey area, the locus cceruleus, which owes its colour to a patch of deeply 


Fig. 753. — The rhomboid fossjji. 
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pigmented nerve-cells, termed the syAstantiq ferruginea. At the level of 
the coUiculus facialis the sulcus limitans widens into a flattened depression, 
the superior fovea, and m the inferior part of the fossa appears as a distinct 
dimple, the inferior fovea. Lateral to the f ove® is a rounded elevation named 
the area acusiica which extends into the lateral recess. Winding round the 
rostiform body and crossing the area aoustica and the medial eminence are 
a number of white strands, the strics meduUares acustiem), which form 
a portion of the cochlear division of the acoustic nerve and disappear into the 
median sulcus. Below the inferior fovea, and between the trigonum hypoglossi 
and the lower part of the area acustica, is a triangular dark field, thb dUi cinerea^ 
in which the sensory fibres of the vagus and glossopharyngeal nerves end* : 
The lower end of the ala cincrea is crossed by a narrow transluo^t ridi^,. 
the funiculus separans. and between this funiculus and the clava is a small 
tongue-shaped area, the area postrema. On section it is seen that the funiculus 
separans is formed by a strip of thickened ependyina, and the area postrema 
by loose, highly vascular, neuroglial tissue containing rierve-cells of moderate 
size. 
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THE MESENCEPHALON OR MID-BRAIN 

The mesencephalon or mid-brain is the short, oonstricted portion 
which connects the pons and cerebellum with the thalamencephalon and 
cerebral hemispheres. It is directed upwards and forwards, and consists of 
(1) a ventrolateral portion, composed of a pair of cylindrical bodies, named 
the cerebral pedundea ; (2) a 

dorsal portion, consisting of four 
rounded eminences, named the 
corpora quadrigemina ; and (3) an 
intervening passage or tunnel, 
the cerebral aqueduct, which repre- 
sents the original cavity of the 
mid-brain and connects the third 
and fourth ventricles (fig. 764). 

The cerebral peduncles 
(crura cerebri) are two cylindrical 
masses situated at the base of the 
brain, and largely hidden by the 
temporal lobes of the cerebrum, 
which must be drawn aside or 
removed in order to expose them. 

They emerge from the upper 
surface of the pons, one on 
either side of the middle line, and, 
diverging as they pass upwards 
and forwards, disappear into the 
substance of the cerebral hemi- 
spheres. The depressed area 
between the diverging cerebral 
peduncles is terra^ the inter- 
peduncular fossa, and consists of 
a layer of greyish substance, the 
posterior perforated substance, 
which is pierced by small aper- 
tures for the transmission of 
blood;vessels. The lower part 
of the posterior perforated sub- 
stance lies on the ventral aspect of the tegmenta., and contains a nucleus named 
the interpeduncular gar^lion (p. 790) ; its upper part assists in forming the 
floor of the third ventricle. 

The ventral surface of each peduncle is crossed behind, from the medial to 
^ the lateral side, by the supwior cerebellar and x^osterior cerebral arteries, while, 
close to the point.of <hsappearance of the peduncle into the cerebral hemisphere, 
the optic, tract winds forwards around it. The medial surface of the j)f5duncle' 
forms the lateral boimdary of the interpeduncular fossa, and is marked bj’’ a 
longitudinal furrow, the (HSuJknnotor sulcus, from which the roots of the oculo- 
motor nerve emerge. The lateral surface of the peduncle is in relation to the 
gyrus hippocampi of the cerebral hemisphere and is crossed from behind 
forwards by the trochlear nerve. Running along it, is a longitudinal furrow, 
termed the lateral sulcus ; the fibres of the lateral lenmiscus come to the 
surface in this sulcus, and pass backwards and uxjwards, to disappear under 
the ii^erior colUculua. 

tymTUctUre of the cerebral peduncles (figs. 765, 766). — On transverse 
Sutton, each peduncle is sebh to consist of a dorsal and a ventral part, separated 
bv a deeply pigmented lamina of grey substance, termed the substantia nigra. 
The dorsal part is named the tegmerUum ; the ventral, the base or crusta. 
The bases of the peduncles are separated from each other, but the tegmenta 
are joined in the median plane by a forward prolongation of t^e raphe of the 
pons. .XateiaJIy, the tegmenta are free ; dorsaJly, they blend with the corpora 
quadrigemina. 


Fig. 754. — A transverse section through 
mid-brain. (Schematic.) (Testut.) 



1. Corpora 2. Cerebral aqueduct. 3. Cen> 

Iral grey stratum. 4. Interpeduncular space. 5. Sulcus 
lateralis. 0. Substantia nigra. 7. Bed nucleus of teg- 
mentum. 8, Ociilomotor nerve, with S', its nucleus of 
origin, a. Tiumuiscus (hi blue), with a' the medial lemnis- 
eus and a* the lateral lemniscus, h. Medial longitutlinal 
fasciculus, c. Kaphe. d. Temporopontine fibres, e. Por- 
tion of medial lemniscus wlilch runs to tlie lentlfonii 
tmcleas and insula. /. Oerebnwpinal fibres, g. Fronto- 
pontine fibres. 
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The base p ea't is semiliUtar on txahsTOrae seotk^ iiiad- ' 

almost entirel^Tpf lon^udinal bundles o£ eff erbat fibtra which axisolroitnithe 
cells of tile cerebral co^x and are grouped into three principal sets, viz. ceisebfo^ 
spinal, frontopontine, and tem;^ropontme (fig, 754). cerebmapitm. 

fibres are derived from the cells of the motor area of. the oerebr^ cortex and: 
occupy the^i(Mle three>fifths of the base ; some of them end in the htioliri 

Fio. 755. — A transverse section nf the mid-brain gt the level of the inforior cqUiouli., 
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P’lO. 756. — A transverse s(‘eUon of th. mid-brftin at the level of the d'y>enOi.‘ colliculi. 


Su'ptrior colliculi 



of tbe motor cercfl^a] nerves of the opposite side^ but most of theih paiMi info 
the pyramids of the medulla oblongata. The frontopontine fibres are ^tiia^ 
in the medial fifth of the base ; they arise from the cells cl the irpni^ 
and end in the nuclei of the pons. The temporopontim fibres arOr lati^ to 
the cerebrospinal fibres ; they originate in the temporal lobe an# end: ifi t]^ 
nuclei of the pons.* / , ' 

* A band, of ebrea, the tractua peduncuhris tremfvereua, ia ao^etjtmes Been emei^g 
front of (be sap^or coUioulus ; it passes round the vehtoal aspeod of the pcdfocM s£ottt:i^ 
betiveen the pons and the optic tract* and dips into,,, the owoikotor swcua! ,. bap# hi; a." 
constant structure In many mammals* but is only present in :abont thirty 
brate fiinoe it undexgoes afo>phy edW enucleation.^ ths'^balh, it m -ttii';, 

a path for Yiaual aensations. 
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> Thft ^ a of grey subetanoe contaimsig jOLt^oerdas 

deeply Sigmeiii^^ SttSfiSoler jfim :|iie ^uiluiw on transyerw section, 

ite eotlaa^ty toward the te^ from its oonvepty, 

l^oces^ ot it extend bi^ween the flbrea ctf the bflM of the peduncle. Thicker 
i^ediaiQy then laterally, it rieaohea fro ni t |x^ OQT^W nOtor to the. Mml 
l adcu s;- and extends from the upper sirriace pons to the subthalamic 

; its me^l part is traVerSed by the fibres of^ho oculomotor nerve as 
these stream hnrwari^ to reach the oculomotor sulcus. The connexions of 
the cells of tbe'subMantia nigra have not been definitely established. 

. • _ '■ " ■- f ■ 

' '' Fig. 757.— A echeme of the medial longitudinal fasciculus; motor fibres in reel, 

sensory fibres in blue. 



The teg^mentuhi is continuous below with the reticular formation of the 
pons, and> hkp it, consists of a considerable amount of grey substance toother 
with longitudinal and transverse fibres. The principal grey masses of the 
t'C^etitum aiO' the ted nucleus and the intcrpedunculaf ganglion ; -ts 
.ftteeS the chi^ Idngitudhial tracts are the brachium conjunctivum, the medial 

, . . .. 

^ ftudeus is situated in the anterior part ot the 

And is edptihu^ upwards into the posterior part of the subthAlaimc 
^ In aectioba at the level of the superior colKoulus it appears as a circujay 

^ mess whien is ^v<^od by the fibres of the oculomotor nerve. Most of the 
; owitm^ivinh end in this nuol^s (p. 778). The axom 

V Ime And are coiitmued downwards mto the 

mednjia spinalis as the rubrospinal tfaot (p. 756) ; 
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Fig. 758. — Transverse scetion passing 
through the sensory decussation (de- 
cussation of the lemniscus). (Sche- 
matic.) (Tostut.) 

; 6 2 


The interpeduneuhr ganglion is a median collection of netye^cells sitoated 
in the ventral part of the tegmentum* The fibres of the fasciculus retroflexus 
of Meynort, which have their origin in the (fells of the ganglion habehulse (p. 797), 
end in the interpeduncular ganglion. 

Besides the two nuclei mentioned, there are small collections of nerve-cells 
which for^ the dorsal and ventral nuclei and tihe central nucleus or, nucleus 
of the raph^ 

White subsUtHce, — (1) The origin and course of the brachmm canjunctivum 
have already been described (p. 778). 

(2) The medial (posterior) longitudinal fdsciculus (fig, 767) is continuous 
below with the proper fasciculi of the anterior and lateral funiculi of the medulla 
spinalis ; and has been traced by Edinger as far as a nucleus) the nucleus of the 

medial longitudinal fasciculus^ situated 
in the hypothalamus, immediately in 
front of the cerebral aqueduct. • In the 
medulla oblongata and pons, it runs 
close to the middle line, near the floor of 
the fourth ventricle ; in the mesen- 
cephalon, it is situated on the ventral 
aspect of the cerebral aqueduct, below 
the nuclei of the oculomotor and 
trochlear nerves. Its connexions are 
imporfectly known, but it consists 
largely oi ascending and descending 
intersogme.ibal or association fibres, 
which connect the nuclei of the rhomb- 
encephalon and mesencephalon to each 
other. Many of the descending fibres 
arise in the superior colliculus, and, 
after decussating in the middle line, 
md in the motor nuclei of the pons 
ai'd mcdiJla oblongata. The ascending 
fibres arise from the cells of the grey 
substance of the upper part of tho 
incu uUa spinalis, and from the nuclei 
in the medulla oblongata and pons, and 
pass, without undergoing decussation, 
to the liighcr nuclei. Fibres are carried 
through the medial longitudinal fasciculus from the nucleus of the abducent 
nerve ii j the oculomotor nerve of the opposite side, and through this nerve 
to the Rectus medialis oculi. Fibres are said to be prolonged through this 
fasciculus from the nucleus of the oculomotor nerve into the facial nerve, and 
distributed to the Orbicularis oculi, the Cenrrugator, and tho Frontalis.* 

The fibres of the lemniscus or fillet (fig. 760) take origin in the nucleus gracilis 
and nucleus cuneatus of the medulla oblongata, and cross to the* opposite 
side in the sensory decu.ssation (p, 767), Thc}^ then pass upwards through 
the medulla oblongata, in which they are situated behind the cerebrospinal 
fibres and between the olives. Hero they are joined by the fibres .of the 
superficial anterolateral fasciculus, these having already undergone decussation 
in the medulla spinalis. As the lemniscus ascends, it receives additional 
fibres from the terminal nuclei of the sensory cerebral nerves of the opposite 
side. In the pons, it assumes a flattened, ribbon-like appearance, and is placed 
dorsal to the trapezium. In the mesencephalon, its lateral port is folded 
backwards and forms nearly a right angle with its medial portion ; and hence 
it is customary to speak of a. lateral and a medial lemniscus. 

The lateral lemniscus comes to the surface in the lateral sulcus, and disappears 
under the inferior colliculus. It consists of fibres from the terminal nuclei 
of the cochlear division of the acoustic nerve, together with others from 
the superior olivary and trapezoid nuclei. Most of these fibres, are crossed, 



1. Anterior median fissure. 2. K.-jtcrior median 
sulcus. 3, 3'. Head and base of the anterior column 
(iA red). 4. llypoffloHsal nerve, J'asos of the 
rx)sterior coluninK. 5'. Tiiberculuni cinereun. 
(tubercle of Rolando). 6. Nucleus gracilis. 7, 
Nucleus cuneaims. 8, H. T.emriiscu;ii. 9. Sensor) 
decussation. ,10. Pyramid. 


* Bruoo and pirie ( * On the Origin of the Facial Nerve,’ Bsview of Necrology, and 
vol. vi. No. 12, December 1908) pr^uco weighty evidence against the view that the fao&i nerve 
derives fibres from the nucleus of the oculomotor nerve. 
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but some ajre uncrossed ; they end in the inferior ooUioulus and the medial 
geniculate body. 

The medial Umydscfus begins in the nucleus gracilis and nucleus cuneatus 
of the opposite side, and is joined by the superficial anterolateral fasciculus of 
the medulla spinalis and by fibres from the terminal nuclei of the sensory 
cerebral nerves of the opposite side, excepting the cochlear division of the 
acoustic nerve. In the cerebral peduncle, a few of its fibres pass upwards in 


Fig. 769. — A scheme showing the course of the fibres of the lemniscus; medial 
lemniscus in blue, lateral in red. 



the lateral part of the base of the peduncle on the dorsal aspect of the tcmijoro- 
pontin© fibres, and reach the lentiforin nucleus and the insula. With this 
exception the fibres of the medial lemniscus are prolonged through the teg- 
mentum into the thalamus, around the cells of which they form arborisations. 
From thp calls of the thalamus a relay of fibres is prolonged to the cerebral 
cortex. 

In the tegmentum there are, besides these three tracts, the tectmpinal 
fasciculus from the superior colliculus, and the rubrospinal fasciculus from 
thfe red nucleus ; these cross the middle line and are continued downwards 
into the medulla spinalis (p. 765). 

The corpora quadrigemina (fig. 763) are four rounded eminences wHch 
form the dorsal part of the mesencephalon. They are situated above and 
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m front of the anterior miei^hUitry vdum a^3 hracbk obi^^unotiv^^ aiidWow aio^ 
behind the thmt Ventro and posterior 

by tlie spkimtun of the corpus callosum, and are' partly overlapjM ori 
side by the medial angle, or pulvinar, of the posterior end of the tMamus- 
The cor|)ora quadrigenuna are arranged in pahs (superior and inferior 
and are separated from one another bv a orncial sulcus. The Ibn^thdjm 
part of this sulcus expands superiorly to form a di^t depression whieh supporta 
the pinea^bodf/, a cone^ike structure which projects, backwards from the^^, 
thalamenceplpaion and partly obscures the superior colUcidL ' from the 
inferior end of the longitudinal sulcus a white band, termed the 
is prolonged downwards to the anterior medullary velum ; on eitifer -aide , 
of this band the trochlear nerve emerges, and passes forwaids on the latjera^^ 
aspect of the cercbral peduncle to reach tl^e base of the brain. The 
coUicuU are larger and darker in colour than the inferior, and are oval in shape* 
The inferior colliculi are hemispherical, and somewhat more prominent than 
the superior. The siip^iia:. CoUiculi are associated with the sense of sig ht* 
the ii^erior with that of hearing. 

Fi’om the lateral aspect of each colliculus a white band, termed the b^hivAn, 


18 prolonged, upwards and forwards. The superior brachium extends lateral- * 
wards from the superior colliculu.s, and, passing between the pulvinar and 
medial geniculate body, is partly continued into an eminence called the lateral 
geniculate body, and partly into the optic tract. The inferior brachium passes 
forwards and upwards from the inferior colliculus and disappears under cover 
of the medial geniculate body. 

Jn close relationship with the corpora quadn^yemina are the brachia con- 
junctiva, which emerge, from the upper and medial parts of the cerebellar 
hemispheres. They run upwards and forwards, and, passing under the inferior 
colliculi, enter the tegmenta as already described (p^ 778 ). 

Structure the corpora quadrigemina.*-~The inferior colliculus 
consists of a comimet nucleus of grey substance containing large and small 
multipolar nervc-colls, and is more or less completely surroiUded by fibres 
derived from the lateral lemniscus ; most of these fibres" end in the gt^y nucleus 
of the same side, but some < ross the middle line and end in tho-t.of the opposite 
side. From tho 6 ells of ilie grey nucleus, fibres are prolong!^ Ilufough the 
inferior brachium into the tegmentum of tho cerebral peiJuacIe, and are carried 
to the thalamus and the coitex of the temporal lobe ; other fibres cross the 
middle lino and end in the opposite colliculus. 

Tho superior colliculus is covered by a thin stratum of 

white fibres, the majority of wuiih are derived from the optic tract. Beneath 
this is the stralum cinereurn, a ea^ like layer of gjpy substance, thicker in 
the centre than at the circuniference, and consisting of numerous small multi- 
polar nerve-cells imbedded in a fine network of nerve-fibres. Still deeper is 
fh® containing large multipolar ^jerve-cells separated by 

numerous fine nerve-fibres. Finally, there is the str aturn Impis ci, consisting 
of^fibres derived partly from the I'eiftniscus and partl^rom the cells of the 
stratum opticuin ; interspersed among these fibres are many lajrce ipultapolar 
nerve-cells. Of the afferent fibres which reach the superior cbUionluSj some 
are derived from the lemniscus, but the majority have their origins in the 
retina and are conveyed to the superior' colliculus through tho superior 
brachium; all of them end by arborising around the cells of tho grey sub- 
stance. Of the efferent fibres, some cross the middle line to tho opposite 
colliculus ; many ascend through the superior brachium, and fin^y vToaoh . 
the cortex of the occipital lobe of the cerebrum; while others, after ui^or- . 
going decussation {fountain decusmtion of Meyneri) form the teptpspinal 
culus which descends througli the formatio reticularis of the mesenc^l^oh, 
pons, arid medulla oblongata into the medulla spinalis, where it is fou|i^]^ily . 
in the anterior funiculus and partly intermingled, with the fibm of tto, ' 
rubrospinal tract. ; , ' ^ 

The corpora quadrigemina are larger, in the lower animals, , 
In fishes, reptiles, and birds, they are hollow^ ai^ only two in 
bigemina) ; they represent the superior ooUicoU of mammals* 
termed the optic lobes, because of their intimate 
tracts. • 
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, i^^UCt of Sylvnift) is a narrow o9«ai, about 

between the coi]pora quaarigemina and tegmenta, and 
connecQfag t]^ third with the fourth ventricle. Its form, as seen in transverse 
sections^ varies at difierent levels, being T^shap^ bdow. trianggfe^ .aW©J 
' oviliJujtbi^^ ; its central part is sli^tly dilated, arid was named] 
by Retzius the yenkicb of the.tnid-brain. It is lined by ciliated columnin*^ 
epithelium, and is surrouhded by a layer of grey substance named the amtral 
\ this is continuous below with the grey substance in the rhomboid 
fossa, and above with that of the third ventricle. Dorsally, the aqiiiedtiot is 
. mrtly separated from the grey substance of the quadrigeminal bodies by the 
fibres of the lemnisci ; ventral to it are the medial longitudinal fasciculus, 
and the formatio reticularis of the tegmentum. Scattered throughout the 
central grey stratum are numerpus nerve-cells of various sizes, interlaced by 
a network of fine fibres. Besides these scattered cells it contains three groups 
which constitute the nucigyotthp root of iihcutrigeminal nerve 

and the nucle i oLt he j)aulQmotQr and trochlear nerves. The nucleus of the 
irigmiml nerve extends along the entire length of the aqueduct, and occupies 
the lateral part of the grey stratum, while the nuclei of the oculomotor and 
trochlear nerves are situat^ in its ventral part. The nudeus of the oculomotor 
nerve is about 10 mm. long, and lies mainly under the superior colliculus, beyond 
which, however, it extends for a short distance into the grey substance of the 
third ventricle. The mtdeus of ike troMear nerve is small and nearly circular, 
and is ou a level with a plane carried transversely through the upper part of 
the inferior colliculus. 


THE PROSENCEPHALON OB FORE- BRAIN 

The prosencephalon or fore-brain consists of : (1) the diemphahn, 
corresponding in a large measure to the third ventricle and the structures 
which bound it ; and (2) the tdericephalon^ comprising the largest part of the 
brain, viz. the cerebral hemispheres ; these hemispheres are connected With 
each other across the middle line, and each contains a large cavity, named 
the lateral ventricle. The lateral ventricles communicate through the inter- 
ventricular foramen with the third ventricle, but are separated from each other 
by a median septum, the septum pelluciduin ; this contains a slit-lilie cavity, 
which does not communicate with the ventricles. 


The Dibnckphalon 

The diencephalori is qpnnected above and in front with the cerebral 
hemispheres ; behind with the mesencephalon. Its upper surface is concealed 
by the corpus callosum, and is covered by a fold of pia mater, named the 
tela chorioidea of the third ventricle; interiorly it readies to the base of 
the brain. 

The diencephaion comprises : (1) the thalamencophalon ; (2) the pars 
maihillairis hypothalami ; and (3) the posterior part of the third ventricle. 
Rir descriptive purposes, how'ever, it is more convenient to consider the whole 
' of the tfim ventricle and its boundaries together : this necessitates the inclusion, 
under this heading, df the pars optica hypothalami and the corresponding 
part of the thM ventricle— structures which proiicrly belong to the 
. tdenoe^lon. , 

comprises; (1) the thalamus; (2) the motiii-; 
v eorp^ra gpnioulata ; and (3) the epithalamus, consisting of the' 

tri^um bab^ulss, the pineal body, and the posterior commissure. 

t^lami (figs. ^61) are two large ovoid inaases, situated one on 
dtber side ^ the tbhrd-.vonfeicle ^d reaching for some distance behind that 
ilJaph and presents two extremities^ 

ah aaS^ibr and. ^ p^ieHbr, andloursunaces, superior, inferior^ medial, and 
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The anterior extremity is narrow ; it lies close to the middle line and forms 
the posterior boundary of the interventrioular foramen. 

The posterior extremity is expanded, directed backwards and lateralwards, 
and overlaps the superior colliculus. Medially, this extremity presents an 
angular prominence, the pvlvinar, which is continued laterally into an oval 
swelling, the lateral genicimie body, while beneath the pulvinar, but sep^ated 
from it by the superior brachium, is a second oval swelling, the medial geniou^te 
body. 

The supeTJ^r^j^urface is free, slightly convex, and covered by a layer of 
white substance, termed the str afyifn zo mde. It is separated laterally from 
the ventricular surface of the caudate nucleus by a white band, the 
ififllis, and by the terminal vein. It is divided into medial and a lateral 


Fig, 700. — A dissoction showiug the ventricles of the brain. 



portion by an oblique shaUow furrow which runs from behind forwards and 
medialwards and corresponds with the lateral margin of the fornix ; the lateral 
part forms a portion of the floor of the lateral ventricle, and is covered by the 
epithelial hning of this cavity ; the part is covered by the tela chorioidea 

of th6 third ventricle, and is destitute of an epithelial covering. In front, 
the superior is separated from the medial surface by a salient margip^ the 
toenia Aalami, along which the epithelial lining of the third ventricle is reflected 
on to the under surface of the tela chorioidea. Behind, it is limited medially 
by a groove, the sndcm habenvlce, which intervenes between it and a smaU 
triangular area termed the trigonum habenvke. 

The inferior surface rests upon and is continuous with the upward pro- 
longation of the tegmentum (sxtbthahimic tegmental region), in front of which 
it is related to the substantia innominata of Meynert (p. 822). 

The medial surface constitutes the upp^ part of the lateral wall of, the 
third ventricle, and is connected to the corresponding surface of the opposite 
thalamus by a flattened grey band, the intem^id (middle or grey 
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commidsufe). This Aiara lies close behind the interventricular foramen, and 
av^ges about 1 cm. in its anteroposterior diameter : it sometimes consists 
Of two pa^, and occasionally is absent. It contains nei-ve-cells and nerve- 
nbres : a few of the latter may cross the middle line, but most of them pass 
to^mds the middle line and then curve lateralwards on the same side 

The totemf surface is in contact with a thick band of white substance which 
forms the occipital part of the internal capsule and separates the thalamus 
from the lentiform nucleus of the corpus striatum. 


hiG. /61. A coronal section of the brain immediately in front of the pons. 
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Structure. — ^The thalamus consists chiefly of grey substance, but its upper 
surface is covered by a layer of white substance, named the stratum zonah, 
and its lateral surface by a similar layer tonued the Uiteral mednUaty lamina. 
Its . grey substance is incompletely subdivided into three parts-^nterior, 
medi^, and lateral — ^by a white layer, the medial meduUary lamina. The 
anterior pwt comprises the anterior tubercle, the medial pmrt lies next the 
lateral wall of the third ventricle, while the lateral and largest part is interposed 
betwew the medullary laminss and includes the pulvinar. The lateral part 
is traversed by numerous fibres which radiate from the thalamus into the 
internal capsule, and pass through the latter to the cerebral cortex. These 
three pwrts are built up of numerous nuclei, the connexions of many of which 
are imperfectly known. . 

Connexions. — The thalamus may be regarded as a Idrge ganglionic 
in which the ascending triaots of the tegmentum and a considerablo |»oportion 
of the fibres of the optic tract end, and from the cells of which numerous fibres 
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(tjbialamocortici^) tal^ origiil, and r^atie: to part 

cortex. The Icnuvd^, together with l&e othcfr. k>hj^tadihcA strmdit^et 
tegmentum, enteni i|a ventral part : the tJialamoinanullary ft^cniaa'(lHj^e 
of Vicq d’Azyr), Itoni the corpus mamiUaro, enters its anterior taheriol0,NVfaUe 
many of the fibres of the optic tract terminate in its posterior ^d> ' *1^ 
thalamus also receives numerous fibres (corticothalamic) from the. qeUs of. 
the cerebral cortex. The fibres that arise from the cells ^ the thalamus fomi 
four principal group.s or stalks : (a) those of the anterior aUUJi pass thtong^i 

Fig. 762 . — A coronal section ot the brain through the intermediate masd *: . 
of the third ventricle. 
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the frontal part of the internal capsule to the frontal lobe ; (6) the fibred . of 
the posterior stalk {optic radiations) arise in the pulvinar and lateral ^asietilidtc 
body, jmd are convoyed through the occipit^<part of the internal camnle W 
the occipital lobe ; (c) the fibres of the inferiot ^(Hk leave the under' ahu nib4i^ 
surfaces of the thalamus, and pass beneath the lentiform nucleus to the 
lobe and insula ; (d) those of the parietal stalk pass from the latetj^ tli} 
of the thalamus to the parietal lobe. Fibres also extend , from 'tbe ' 
into the caudate and lentiform nuclei of the corpus striatum — ^thoSe 
for the caudate nucleus leave the lateral surface^ and those, for 
nucleus the inferior surface, of the thalamus. ! . v): * ' v 

The metathalamus (fig. 763) comprises the genic^te .hodU^^;iiih^ 
two in number — medial and a lateral — on either sidOir - - i .w , ' f ' 

The^ medial genievlate body lies under cover of pulvin^ cif ths 
and on the lateral aspect rf the corpora ^uadrigi^^pijli^ ■ 
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liteikwapls, it is lighter in odbilr and 
■finwllw in si2e ^^ thd. latfflrat g^iioulate body. The inferior braohinni from 
tno mf^or di^pears under cover cd it, while from its lateral e^tre- 

Muty a of fibres.. passes to join the optic tract* Entering it are many 

aoonstic flhi^ ^m the lateral lemniscus. The ‘medial geniculate bodi^ 
ai%.C(»lnectra with cme another by the commissure of Gudden, the fibres of 
Wnmh pass through the posterior part of the optic chiasma and form the medial 
parts of the optic tracts. 

The laier<d gmiculate body is an oval elevation on the lateral part of the 
psterior end of the thalamus, and is connected with the superior colliculus 
by the superior brachium. It is of a dark colour, and presents a laminated 
Crirangement consisting of alternate layers of grey and white substance. It 


Fig. 763. — Tho. bind- and mid-brains; posterolateral view. 
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receives numerous fibres from the optic tract, while other fibres of this tract 
pass over or through it into the pulvinar. Its cells are large and pigmented ; 
their axons pass to the visual area in tho occipital part of the cerebral 
cortex. 

The superior colliculus, the pulvinar, and the lateral geniculate body receive 
m^y fiteea from the optic tracts, and are termed the tower visual centres, 
i Extirpation of the eyes in newly born animals entails an anest of the develop* 
ment of these Centres, but has no effect on the medial geniculate bodies or 
the ipf^^QT c^lhouU* Moreover, the latter are well developed in the molp, 

' aUi SJUmsl hi which superior coUiculi are rudimentary. 

' ejp^ithulfSiSQUS obmprises the trigonum habonulfie, the pineal body, and 
l^ejnestemr commissure. 

Mgommi kabennke is a small depressed triangular area situated in 
front of thji superior colliculus and on the lateral aspect of the posterior part 
of thalami. It obtains a group of n6rye-*o^ termed the ganglion 

.. Sabres fifom the stals of the pineal body,, while others, 

is t«pmea’'‘the h(^>(mukr commissure^ pass across the middle lino' 
CorMpoiiding gafiglicn' oS the opposite side. Most of its fi,bres ^rc, 

form a bundle, the Jusdevlus r^ofl^ cf 
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Meynert^ which passea' medially to the red nucleus, and, after decussating with 
the corresponding fasciculus of the opposite side, ends in the interpeduncular 
ganglion. 

The pineal body (fig. 760) is a small, conical, reddish*grey body yrhich lies in 
the depression between the superior colliculi. It is placed beneath the splenium 
of the corpus callosum, but is separated from this by the tela choxioidea of the 
third vcntocle, the lower layer of which envelops it. It measures about 8 mm. 
in length, base, directed forwards, is attached by a stalk or peduncle of 

whito substance. The stalk divides anteriorly into two lanmss, a dorsal and 
a ventral, which are separated from one another by the pineal recess of the 
third ventricle. The ventral lamina is continuous with the postmor com- 
missure ; the dorsal lamina is continuous with the habenular commissure and 
divides into two strands, termed the medullary striee, which run forwards, 
one on cither vside, along the junction of the medial and upper surfaces of the 
thalamus to blend in front with the columns of the fornix. 

, Structure , — Aceordijig to the careful investigations of Krabbe,* the pineal parenchyma 
consists of colls of three main varieties, namely (1) pineal cells, (2) glia-cells, and (3) 
nerve-cells. The pineal cells form the bulk of the parenchyma, and arc of rounded shape 
with irregular nuclei poor in chromatin; at birth they exactly resemble the nouroblasts 
of the ftt'tal brain. The glia-cells are relatively few in number, and give rise to a net- 
work of glia-fibres. The norve-cclls have scanty protoplast. i and angular nuclei rich in 
cJiromatiu ; from the first year of life onward, they devi*lop increasing numbers of out- 
running nerve-fibres with knobbed endings, and appear to have no connexion with the 
sympathetic fibres that accompany the blood-vessels. Connective tissue cells and fibrils 
appear in the pineal body during the first year of life, and 1 rhitually increase in quantity 
year by year, conv£;rting it into a pscudo-alvcolar organ by the ago of six or eight; the 
rate at which this fibrosis takes place is very variable. There is a connective tissue 
capsule, which is apparently free from iinstriped muscle fibres in man. Calcareous oon- 
c*retions may be foun '' in the pineal body at any ago, and arc constant after the seven- 
teenth year, occurring mainly in the parenchyma and representing debris of the pineal 
cells. Spaces or cysts also occur normally in the pineal body, and may bo either included 

S ortions of the embryonic piuc*al recess of the third ventricle and lined wirii ependyma, or 
ue to degeneration of parts of the pineal parenchyma. Krabbe ’s researches lead him to 
conclude that the pineal body is neither a rudimentary nor a funciionlecs organ, but that 
its various histological element show signs of an unbalanced activity possibly due to 
variations in the pres.suro of the cerebrospinal fluid. 

The human pineal body is puylogenetically homologous with the parietal eye of 
cyclostome fishes. Creutzfcldt has pointed cut that it is best developed in ruminants 
luirl horses, but absent in elephants, seals, dasypus, the mole, and many olhor animals, 
and he connoets its prcsciiee with the possession of a relatively thin skin. 


Applied Anatomy , — The fu action of the pineal body in the human body is very un- 
certain. Probably it has an internal secretion, though this is not proved. Possibly its 
function is to roguliite the pressure of the cerebrospinal fluid. The growth of a tumour 
in the pineal body, itself of rare o(icurrence, has h'd in a few instances to sexual precocity 
or to obesity. The operative removal of the pineal body from puppies produces no abnor- 
mality iii their subsequent development. 

The posterior commissure is a rounded band df fibres crossing the middle 
lino on the dorsal aspect of the upper end of the cerebral aqueduct. Its fibres 
acquire thoir medullary sheaths early, but their connexions have not been 
definitely determined. Most of them nave their origin in a nucleus, the nudem 
of the posterior commissure, which lies in the central grey substance of the 
upper end of the cerebral aqueduct, in front of the nucleus of the oculomotor 
nerve ; some are probably derived from the posterior part of the thalamus and 
fBom the superior colliculus ; others are believed to be continued downwards 
into the medial longitudinal fasciculus. 

The hypothalamus (fig. 764) includes the subthalamic tegmental re^on 
and the structures forming the greater part of the floor of the third ventncle, 
viz, the corpora mamillaria, tuber cinereum, infundibulum, hypophysis, and 
optic chiasma. ; 

The subthalamic tegmerdal region consists of the upward continunticm of 
the tegmentum ; it lies on the ventrolaterd;! aspect of the thalamus a>ud 
separates it from the fibres of the internal capsule, lilie red nudeua and the 

* K. H. Krabbe, Abstract in Beview of Neurol, and 1915, xUi. 300. • 
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substantia nigra are prolonged into its lower part ; in front it is continuous 
with the subi^ntia innominata of Me}mert, medialiy \vith the grey substance 
of the floor of the third ventricle* It consists from above downwards of three 
strata : (1) stratum dorsale, directly applied to the under surface of the 
thalamus and consisting of fine longitudinal fibres ; (2) zona incerta, a con- 
tinuation forwards of the formatio reticularis of the tegmentum ; and (3) the 
corpus subthalamicum or nucleus of Luys, a brownish mass presenting a 
lenticular shape on transverse section, and situated on the dorsal aspect of 
the fibres of the base of the cerebral peduncle ; it is encapsulcd by a 


Fig. 764. — A median sagittal section of the brain. The relations of the pia riiator 
are indicated by the red colour. 
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lamina of nerve-fibres and contains numerous medium-sized ncrv(^-cclls tho 
connexions of which are as yet not fully determined. 

The corpora mamillaria are two round white masses, each about the size 
of a small pea, placed side by side below the grey substance of the flr)or of 
the third ventricle in front of the posterior perforated substance. They consist 
of white substance externally and of ipey substance internally, tlio cells of 
the latter forming two nuclei, a medial of smaller and a lateral of larger 
cells. The white substance is mainly formed by the fibres of the columns 
of the fornix, which descend to the base of the brain and end partly in the 
corpora mamillaria. From the cells of the grey substance of each mamillary 
body two fasciculi arise *, one, the thalamomamillary fasciculus (bundle of 
Vicq d’Azyr), passes upwards into the anterior nucleus of the thalamus ; 
the other is directed downwards into the tegmentum. Afferent fibres are 
believed to reach the corpus matmillare from the medial lemniscus and from 
the tegmentum. 

The tuber dnereum is a hollow eminence of grey substance situated between 
the corpora mamillaria behindhand the optic chiasma in front. l^ateraUy it is 












800 


KBmtOLOGt 


continuous on either i^e mth the antmor perf tutted, aoiterjoi^^ « 

with a thin lamins^, tm lamim temimlis. VxoM %e.imder surface of the tuber 
clnereum a hollow oonical process, the infundilmhmi projects dowuwai^ ahd 

forwams and is attached to 
FiO- 765, — A sagittal section of the liypophysis posterior lobe of the hypo- 

cerobri, in situ. (Te<itut.) 


In the lateral part of the tuber 
cinereum is a nucleus of nerve-cells, 
the basal optic nt^leus of Metfixert^ 
while close to the cavity of the 
third ventricle are three additiQXutl 
nuclei. • , . 

Between the tuber cinereum 
and the corpora iiianiillaria a small 
elevation, with a corresponding 
depression in the third ventricle, 
is sometimes seen. Eetzius has 
named it the envmenita saccidaris^ 
and regaids it as a representative 
of the saccuH vasoulosus found in 
this situation in some of the lower 
vertebrates. 

The hypophysis "(pituitary 
^ody) (fig. 766) is a reddish- 
grey, somewhat oval mass, 
measurihg about 12 mm. in 
its transverse, and 8 mm. in 
its anteroposterior diameter. 
It is attached to th-^^ end of the infundibulum, and is situated in the fossa 
hypophyseos of the sphenoidal bone, where it is retained by a circular fold 
of dura mater, the diapkra^ma sellce ; this fpld almost completely roofs in the 
fossa, leaving only a small central aperture through which the infundibulum 
passes. 



1, l'. Anterior and iwrtterior lobes of hypophysis. 2. In- 
fmiulbiilnm‘. a. Optio cJiinsma. 4. Lamina terminalia. 5. 
Optic recess. C. Anterior commlBsnre. 7, 7'. Circular ainns. 
8. Anterior cerebral artery. 0. Basilar arter^ . 10. Posterior 
cerebral artery, ll. Corpus mamillarc. 12. Cerebral peduncle. 
13. Pons. 


Fio. 706. — Mcclinn sagittjil sccti- n through tho hypophysis of an arlult monkoy. 
SoiriidiagvflTumatic. (Horrhig.) 



The hypophysis consists of an anterior and a posterior lobe, vdiich diff^ 
fron^ one another in their mode of development and in their structure (fig. 7^)* 
The ufUerior lobe is the larger, and is somewhat hadney-shapied, the conioavity 
being directed backwards and embracing the posteric^ lobe. It is develops 
from a div^iculum of the ectoderm of the primitive buccal cavity or stdmor 
<beum (p. 132), and consists of a jpars anterior and a mrs intermsdia; 
from each other by a narrow cleft, the remnant of the: jpouch or divejwi^dm* . 
The pars anterior is extremely vaeoular and consists Of grafitdar; 
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^ pressure ol tbe enli^iag hypophysis on the optic chiskstna (fig. 765)^ !Rie 
causes atrophy, for' the &b$t part of the noryd.>fibreS coming from the nasal of tfai^'' 
retince; with the resuJ^ that the patient loses bis two temporar iiiclds of Tiskm' while 
retaining his nasal fields (bitemporal hemianopsy). . v . 

Optic chimrm . — ^Tho optic chiaama is a flattened, somewhat quadrilatejcat 
band of fibres, situated at the junction of the floor and anterior wall of 
third ventricle. Most of its fibres have their origins in the retina, and reach 
the chiasinC^%Rough the optic nerves, which are continuous with its antero- 
lateral angles. In tho chiasma, they undergo a paitial decussation (fig. 767) 
the fibres from the nasal half of tho retina decussate and enter the optic tract 
of the opposite side, while the fibres from the temporal half.of .the ^retina dc 
not undergo decussation, but pass back into the optic tract of the same side* 
In tho posterior part of the commissure, however, is a strand of fibres, the 
cmmiamre of Gudden, which is not derived from the optic nerves ; it forms 
a connecting link betw^een the medial geniculate bodies. 

Optic tracts. — The optic tracts are continued backwards and lateralwards 
from tho posterolateral angles of the optic chiasma. Each passes between 
the anterior peiforated substance and the tuber oinereum, and, winding round 
the ventrolateral aspect of the cerebral i)eduncle, divides into a medial and 
a lateral root. JThe former comprises the fibres of Gudden’s commissure and 
passes to the medial geniculate body. The lateral root consists mainly of 
afferent fibres which arise in the retina and undergo partial decussation in the 
optic chiasma, as described ; but it also contains a few fine efferent fibres 
which have their origins in the brain and their terminations in the retina. 
When traced backwards, the afferent fibres of th lateral root are found to 
end in thq lateral geniculate body and piilvinar of tlie thalamus, and in the 
superior colliculus ; and these three structures constitute the loioer visual 
centres. Fibres arise from tho nervc-cells in these centres, and ^kass through 
the occipital part of. tho internal capsule, under the name of the ojdic rudiatims, 
to the cortex of the occipital lobe of the cerebrum, where the higher or cortical 
vis^ial centre is situated. Some of the fibres of the optic raaiations take an 
opposite course, arising li'cin tho cells of the occipital cortex and passing to 
the low'er visual centres, Some fiVes are. detached from optic tract, 
and pass through tho ccrebial peduncle to the niioleus of the oculomf)tor nerve. 
These may be regarded as the afferent branches for lilt Sphincter pupilla> 
and Oliaris muscles. Other fibres have been described as reaching the cere- 
bellum through the brachia conjunctiva ; while others, again, are lost in 
the pons. 

\ THi-RD VEx'JTRIOLK 

The third ventricle (figs. 764, 768) is a median cleft between the two 
thalami. Behind, it communicates with the fourih ventricle through tho 
cerebral aqueduct, and in. front with the lateral ventricles through the inter- 
ventricular foramen. Somewhat triangular in shape with the apex directed 
backwards, it has a roof, a floor, an anterior and a posterior boundary, 
and a pair of lateral w'alls. 

The roof (fig. 768) is formed by a layer of epithelium, which stretches betw'een 
the upper edges of the lateral walls of the cavity and is continuous with the 
epithelial lining of tho ventricle. It is covered by and adherent to^a fold 
of hia mater, named the tela chorioidea of the third ventricle, from the under 
surface of which a pair of vascular fringed processes, the chorioid pt^suafi^ 
of the third ventricle, projtM3t downwards, one on either side of the middle line, 
and inviaginate the epithelial roof into the ventrioulor cavity. 

The floor slopes downw^irds and forwards and is formed n^itily b^^ the ^ 
structures which constitute tho hypothdamus: from before backwards thcto : ! 
are : the optic chiasma, tho infundibulum and..tttber einereunv, and ^he corp^, 
mamillaria. Behind the last, the floor is form^ by the ihterpedu^itiar 
and the tegmenta of the cerebral peduncles^ The ventricle is prolnhsN^ didwhr 
wards as a funnel-shaped recess, the receaaua iiifun^ifyuU;, into the infimd^hlltttffi,. i 
and to the apex of the latter the hypophysis is aitaoHw. , ' 

The anterior boundmy is constituted belo^^ hy the krniAia^ 

layer of grey substance stretching from the upp^Bhllaee 
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.^tb ) ^bbvblby the columns of the fomuE 

and the jEmteVior cetnini^ure. At the junetion ci the floor and anterior wall, 
immediate!^ above the optic chiasma, the ventricle presents a small an giiinr 
recess or diverticulum, the optic rece^. Between the columns of the f(wnix, 
and above the anterior commissure, is- a second recess tenned the vulva.. At 
Uie junction of the roof with the anterior and lateral walls of the ventricle, 
Md situated between the thalami behind and the columns of the fornix in 
front, is the intermnirictilar foramen (foramen of Monro) through which the 
third communicates with the lateral ventricles. 

, The posterior boundary is constituted bj- the pineal body, the posterior 
oommisswe and. the cerebral aqueduct. A small recess, the recessus pinealis. 
projects into the stalk of the pineal body, whilst in front of and abovejthe 
pineal body is a second recess, the recessus mprapinealis, consisting of a diverti- 
culum of the epithelium which forms the ventricular roof. 


Fh>. 768. — A coronal section of the lateral and third ventricles. (Dingrainuiatic.) 
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iSach lateral wall consists of an upper portion formed by tlic medial surface 
of 'the anterior two-thirds of the thalamus, and a lower (Jonsisting of an upward 
continuation of the grey substance of the ventricular floor. These? two parts 
correspond to the alax’ and basal laminae respectively of the lateral wall of the 
fore-brain vesicle and are separated from each cither by a funow, the sulcus 
of Monro, which extends from the interventricular foramen to the cerebral 
aqueduct (p. 94). The lateral wall is limited above by the taonia thalami. 
The columns of the fornix curve downwards in front of the interventricular 
foramen, and then run in the lateral walls of the ventricle, where, at first, they 
form dlstincab prominences, but subsequently are lost to sight. The lateral 
walls are joined to eacli other across the ca\nt 3 " of the ventricle by a band of 
grey matter, the massa intermedia (p. 794). 

Interpeduncular fossa (fig. 709).— This is a somewhat lozenge-.shaped 
area of ^ef.base of the brain, limited in front by the optic chiasma, behind 
by the antbrosuperior surface of the pons, anterolaterally by the converging 
and ^3^ by the diverging cerebral peduncles. The 

: eontain^^ it have already been described ; from behind forwards 

itoyare the posterior perforated substance, corjxira mamillaria, tuber cinereum, 
ihiilliindibuhim^ and hypophysis. 


TBLBKGBrHAIiON 

. .^he' . tdtellCMhalbo ‘(1) the oerebtal hemispheres Avith tlmir 

OAyiriee, veiririoles ‘ petrs optica hypotb^mi and 
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THE CEBBBRAL HEMISPHERES 


The longitudinal cerebral fissure contains a sickle-shaped process of 
dura mater, the falx cerebri. In front and behind, the fissure extends from 
the upper to the under suriaces of the hemispheres and completely separates 
them, but its middle portion only separates them for about one-half of their 
vertical extent ; for at this part thev are 

the middle line hy a pxo. 770. -The lateral surface 
great central white comimssure, the corpm the left cerebral hemi- 

callosum, sphere, viewed from above. 

In a median sagittal section (hg. 764) 
the cut corpus callosum presents the* appear- ^ 

'ance of a broad, arched band. Its thick \ ^ \ 

posterior end, termed the splenium^ overlaps J | 

the mid-brain, but is separated from it by the f I \ { I 

tela chorioidca of the third ventricle and the /U I | c v { 

pineal body. Its anterior curved end, termed /T I / S ^ 

the gremi, gradually tapers into a thinner /, / ^ f " I 

portion, the rostrum, which is continued (A S V 

downwards and backwards in front of the ^ ‘§1 -n I 

anterior commissure to join the lamina / ® 5 | S ^ 

terminalis. Arching backwards from im- / ^ A * I 

mediately behind the anterior commissure to 4 ^ -n H ^ / 

the under surface of the splenium is a second j ^ 

white hand named the fornix ; between this A 5 v|* ^ 

and the corpus callosum are the laminsB and / 

cavity of the septum pellucidum. ( ^ ^ I 


Surfaces of the Cerebral Hemispheres 




parietal' 

LOBULE 




Each hemisphere presents three surfaces ; / J 

lateral, medial, and inferior. I 

The lateral surface is convex in adapta- I ^ 

tion to the concavity of the correspon^ng 

half of the vault of the cranium. The medial ^ I ^ -’supn 

surface is flat and vertical and is separated V"' parietalN^ parTetalV 
from that of the opposite hemisphere by V lobule lobule^ 

the longitudinal fissure and the falx cerebri. • 

The inferior surface is of an irregular form, Y*'* /( 

and may be divided into thiee areas: anterior, \ 

middle, and posterior. The anterior area, I = 

formed by the orbital surface of the frontal \ jv V 

lobe, is concave, and rests on the roof of \ 7 

the orbit and nose ; the middle area is 

convex, and consists of the under surface 

of the temporal lobe : it is adapted to 

the corresponding half of the middle cranial 

fossa. The posterior area is concave, directed mcdialw{ird8 as well as down- 
wards, and is named the tentorial surface, since it rests upon the tentorium 
cerebelli, which intervenes between it and, the upper surface of the 
cerebellum. 

Those three surfaces are separated from each other by the following borders : 
(a) superomedial, between the lateral and medial surfaces ; (6) inferolateral, 
between the lateral and inferior surfaces ; the anterior part of this border 
separates the lateral from the orbital smfaco, and is known as the superciliary 
bc^er ; (c) medial occipital, between the tentorial and medial surfaces ; and 
(d) medial orbital, separating the orbital from the medial surface. The anterior 
end of the hemisphere is named the frontal pole ; the posterior, the occipital 
pole ; and the anterior end of the temporal lobe, the temporal pole. About 
5 cm. in front of the occipital polo on the inferolateral border is an indentatiem 
or notch, named the preioccipUal notch. 

The surfaces of the hemispheres are moulded into a number of irregular 
endnences,' named gf/ri or coweohitioris, and separated by furrows termed fissures 
and sulci. The iuitows are of two kinds, complete and incompletei The former 
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appear eariy in, and are few vti number ; they ar6 produced by 

infoldings of the entire thickness of the brain-wall» and give rise to correspoddying 
elevations in the intiHor of the ventricle. They comprise the hippocam|i^ 
fissure, and pafts of the calcarine and collateral fissures. ISie moomplete, 
furrows are ye^ numerous, and only indent the subjacent white substance, 
without producing any corresponding elevations in the ventricular cavity. 

The gyri and their intorvofiing fissures and sulci are fairly constant in 
their arrangi%eiit ; at the sanle time they vary within certain limits^ not 
only in different individuals; but on the two hemispheres of the same br^h. 
The convoluted condition of the surface'^ permits of a great increase of* the 
grey matter without the sacrifice of much additional space, and the nuiaber 
and extent of the gyri, as well as the depth of the intervening furrows, appear 
to bear a direct relation to the intellectual powers of the individual. 

Certain of the fissures and sulci are utilised for the purpo^ of dividing the 
hemisphere into lobes, and are therefore termed interlobar included under 


Fig, 771.— The lateral surface of the left cerebral hemisphere, viewed from, the side. 



this dategory are the lateral cerebral, parieto-occipital, calcarine and collateral 
fissures, the central, cingulate and circular sulci. 

The lateral cerebral fissure (fissure of Sylvius) (fig. 771) is a well-marked 
cleft on the inferior and lateral surfaces of the hemisphere, and consists of a 
short stem which divides into three rami. The stem is situated on tlxe base 
of the brain, and commences in a depression at the lateral angle of the anterior 
perforated substance. From this point it extends between the anterior part 
of tho temporal lobe and the orbital surface of the frontal lobe, and reaches the 
lateral Surface of the hemisphere. Here it divides into three rami : an anterior * 
horizontal, an anterior ascending, and a posterior. The anteri&t hommtal 
ramus passes forwards for about 2*6 cm. into the inferior frontal gyriis,. while 
the anterior" ascending ramus extends upwards into the same cofiv^utipn- 
for about an ecjual distance. The posterior ramus is the longest; it runs 
backwards and slightly upwards for, about 7 cm., and ends by ‘an.,: 9 pwflrf ; 
inflexicoi in the parietal lobe. ' . JV ' V / . 

The central sulcus (fissure of Rolando) (figs. 770, 771) is siluat&>bo^t 
the middle of the lateral surface of the hemispl^e, and begins in or M|tr ^ 0 -; , ^ 
longitudinal cerebral fissure, a , little behind its midpoint. It runs isljupoady' . 
downwards and forwards, and a little above ti&s posterior 
lateral fissure, and about 2‘S behind tl^sal^teribr 
the satne fissure. It describes two chief curves : a ^V. 
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.<;oi^vity directed foJfwarda, and an inferior genu with its concavity directed 
baokwaa^. The omtral sulcue forms an angle, opening forwards, of about 
70® with the median plane. 

The ‘pari^to-occipital fissure. — Only a small part of this fissure is seen 
on the lateral surface of the hemisphere, its chief part being on the medial 
surface: The lateral part (fig. 771) is situated about 5 cm. in front of the 
occipital pole of the hemisphere, and measures about l‘2o cm. in length. The 
fnedial part (fig, 772) runs downwards and forwards as a deep cleft on the 
i^edial surface of the hemisphere, and joins the calcarine fissure below and 
l^hind the posterior end of the corpus callosum. In most cases it contains 
a submerged gyrus. 

The calcarine fissure (fig. 772) is on the medial sitrface of the hemisi)here. 
It begins near the occipital pole in two converging rami, and runs forward, 
at first with an upward, and then with a downward, curve ; it ends in the 
posterior part of the gyrus hippocampi, just below the splenium of the corpus 


Fig. 772. — The medial surface of the left corebrnl hemisphere. 



callosum ; a little behind the splenium it is joined at an acute angle by the 
medidl part of the parieto-occipital fissure. Tlio anterior part of this fissure 
gives rise to the prominence of the calcar avis in the posterior cornu of the 
lateral ventricle. 

The cingulate sulcus (fig. 772) is on the medial surface of the hemisphere ; 
it begins below the anterior end of the corpus callosum and runs upwards 
and forwards nearly parallel to the rostrum of this body ; it curves in front 
of the genu, is continued backwards above the corpus callosum, and finally 
ascends to the superomodial border of the hemisphere a short distance behind 
the npper end>of the central sulcus. It separates the superior frontal from 
the cingulate gyrus. 

cbUateral fissure (fig. 772) is on the tentorial surface of the hemi- 
. sph(f^, .and extends from near the occipital pole to within a short distance of 
i|ie tem]0prai pole. Behind, it lies below and lateral to the calcarine fissure, 
whi^h it is separated by the lingual gyrus ; in front, it is situated between ^ 
tb^ hippocampal gyrus and the anterior part of the fusiform gynis. 

' ! sulcus (sulcus Umitans insuUs) (fig. 775) is on the lower 

and lateral surfaces of^t}\e;hemisphere : it surrounds the insula (p. 811) and 
separates it from the parietal, and temporal lobes. 

%0'b^ o£ tlte Km&ph^res. — By means of these fissures and sulci, assisted 
! by cerfcam arbitrary linc^, each hemisph^ is divided into the following lobes ; 
pArkki^ temporal^ occiptiSj limbic, and the insula, 
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Frontal lobe. — On the lateral surface of the hemisphere this lobe extends 
from the frontal pole to the central sulcus, the latter separating it from the 
parietal lobe. Below, it is limited by the posterior ramus of the lateral fissure, 
which intervenes between it and the temporal lobe. On the medial surface, 
it is separated from the cingulate gyrus by the cingulate sulcus ; and on the 
inferior surface, it is bounded behind by the stem of the lateral cerebral 
fissure. ' 

The latefMmrface of the frontal lobe (fig. 771) is traversed by three sulci 
which divide it into four gyri : the sulci are named the precentral, and the 
superior and inferior frontal ; the gyii are the anterior central, and the superior, 
middle, and inferior frontal. The 'precentral sulcuis runs parallel to the central 
sulcus, and is usually divided into an upxier and a lower part ; between it and 
the central sulcus is the anterior central gyrus. From the precentral s^cus, 

the superior and inferior frontal sulci run 
forwards and downwards, and divide the 
remainder of the lateral surface of the lobe 
into three parallel gyri, named, respectively, 
the superior, middle, and inferior frontal 
gyri. 

The anterior central gyrus is bounded in 
front by the precentral sulcus, behind by 
the central sulcus ; it extends from the 
superomedial border of the hemisphere to 
the posterior raiUns of the lateral cerebral 
fissure. 

The superior frontal gyrus is situated 
above the superior frontal sulcus and is con- 
tinued on V' the medial surface of the hemi- 
sphere. The portion on the lateral surface 
of the hemisphere is more or less completely 
subdivided into an upper and a lower pari, 
by the paramedial sulcus, which, however, 
is frequently interrupted by bridging gyri. 

The middle frontal girus, between the 
superior and inferior frontal sulci, is con- 
tinuous with the anterior orbital gyrus on 
the inferior surface of the frontal lobe ; it is 
frequently subdivided into two by a horizontal sulcus, the medial frontal sulcus 
of Eberstaller, which ends anteriorly in a wide bifurcation. 

The inferior frontal gyros lies below the inferior frontal sulcus, and is con- 
tinuous with the lateral and posterior orbital gyri on the inferior surface of the 
frontal lobe. The anterior horizontal and ascending rami of the lateral ce/’ebral 
fissure subdivide it into three parts, viz, : (1 ) the orbital part, below the anterior 
horizontal ramus of the fissure ; (2) the triangular part (‘ cap ’ of Broca), between 
the ascending and horizontal rami ; and (3) the basilar part, behind the anterior 
ascending ramus. The left inferior frontal gyrus is, as a rule, more highly 
developed than the right, and is named the gyrus of Broca, from the fact that 
Broca described it as the centre for articulate speech. 

The inferior or orbital surface of the frontal lobe (fig. 773) is concave, and 
rests on the orbital plate of the frontal bone. It is divided by an H-sha^d 
orbital sulcus into four gyri. These are named, from their position, the medial, 
anterior, lateral, and j^osterior orbital gyri. The medial orbital gyrus presents 
a well-marked anteroposterior sulcus, tb© olfactory sulcus, for the cSfactory 
tract ; the portion m^ial to this is named the gyrus rectus, and is continuous 
with the superior frontal gyrus on the medial surface. 

The medial surface of the frontal lobe is occupied by the medial part of 
the superior frontal gyrus (marginal gyrils) (fig. 772). It lies between the 
cingulate sulcus and the superomedial margin of the hemispheres. The posterior 
part of this gyrus is sometimes marked off by a vertical sulous, and i$ named 
the paracentral lobule ; it is continuous, over the superomedial border of the 
homisphere, with the anterior and posterior central gyri. 

Parietal lobe.— tTlie parietal lobe is separated from the frontal lobe by 
the central sulcus, but its boundaries below and behind are not so definite 


Fig. 773. — Tho orbital surface of 
the left frontal lobe. 
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Posteriorly, it is limited by the lateral part of the parieto-occipital fissure, 
and by a line carried across the hemisphere from the lateral end of this fissure to 
the pre-occipital notch. Below, it is separated from the temporal lobe by 
the posterior ramus of the lateral fissure, and by a line carried backwards 
from it to meet the line passing downwards to the pre-occipital notch. 

The lateral surface of the parietal lobe (fig. 771) is cleft by a well-marked 
furrow, the intraparietal sulcus of Turner, which consists of an oblique and 
a horizontal portion. The oblique part is named the postcentral sulcus, and 
commences below, about midway between the lower end of the central sulcus 
and the upturned end of the lateral fissure. It runs upwards and backwards, 
parallel to the central sulcus, and is sometimes divided into an upper and a 
lower ramus. It forms the hinder limit of the posterior central gyrus. 

From about the middle of the postcentral sulcus, or from the upper end 
of its inferior ramus, the horizontal portion of the intraparietal sulcus is carried 
backwards and slightly upw^ards on the parietal lobe, and is prolonged, under 
the name of the occipital ramus, into the occipital lobe, where it divides into 
two pai-ts, which form nearly a right angle with the main stem and constitute 
the transverse occipital sulcus. The part of the parietal lobe above the hori- 
zontal portion of the intraparietal sulcus is named tlie superior parietal lobule ; 
the part below, the inferior parietal lobule. 

The posterior central gyrus extends from the longitudinal fissure above to 
the posterior ramus of the laterarfissure below. It lies parallel with the anterior 
central gyrus, and is connected with it below, and sometimes also above, 
the central sulcus. 

The superior parietal lobule is bounded in front by the upper part of the 
postcentral sulcus, but is usually connected with the posterior central gyrus 
above the end of the sulcus ; behind it, is the lateral part of the parieto-occipital 
fissure, round the end of which it is joined to the occipital lobe by a curved 
gyrus, the arcus parietooccipilalis ; below, it is separated from the inferior 
parietal lobule by the horizontal portion of the intraparietal sulcus. 

The inferior parietal lobule lies below the horizontal portion of the intra- 
pariotal sulcus, and behind the low^er part of the postcentral sulcus. It is 
divided from before backwards into two gyri. Ones the supramarginal, arches 
over the upturned end of the lateral fissure ; it is continuous in front with the 
postcentral gyrus, and behind Ayith the superior temporal g3n’us. The second, 
the angular, arches over the posterior end of the sui)erior temporal sulcus, 
behind which it is continuous with the middle temporal gyrus. 

The medial surface of the parietal lobe (fig. 772) is bounded behind by 
the medial part of the parieto-occipital fissure; ‘in front, by the posterior 
end of the cingulate sulcus ; and below, it is sc])arated from the cingulate 
gyrus by. the subparietal sulcus. It consists of a square-shai)cd convolution, 
termed the prmcuncus or quadrate lobe. 

Occipital lobe. — The occipital lobe is small and pyramidal in shape ; it 
presents three surfaces : lateral, medial, and tentorial. 

The lateral surface is limited in front by the lateral part of the parieto- 
occipital fissure, and by a lino carried from the end of this fissure to the pre- 
occipital notch ; it is traversed by the transverse occipital and the lateral 
occipital sulci. The transverse occipital sulcus is continuous with the posterior 
end of the occipital ramus of the intraparietal sulcus, and runs across the 
upper part of the lobe, a short distance behind the parieto-occipital fissure. 
The lateral occipital sulcus extends from behind forwards, and divides the 
lateral surface of the occipital lobe into a superior and an inferior gyrus, which 
are continuous in front with the parietal and temporal lobes.* 

The medial surface of the occipital lobe is bounded in front by the medial 
part of the parieto-occipital fissure, and is traversed by the calcai'ino fissure, 
which subdivides it into the cuneus and the lingual gyrus. The ctineU/S is 
a wedge-shaped area between the calcarine fissure and the medial part of 
the parieto-occipital fissure. The ling'ual gyrus lies between the cmcarine 
fissure and the posterior part of the collateral fissure ; behind, it reaches 
the occipital pole ; in front, it joins the hippocampal gyrus. 

* BUiot Smith has named the lateral occipital aulcus the sulcus lunatus, and regards it aa the 
representative, in the hnman brain, of the ^ Affenspalte ’ of the brain of the ape. 
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The tentorial Aunface ot the oopipital lobe is limited in front by .an hna^in^y 
transverse line through the pre-occipital notch, and consists of the 
part of the fusiform gyrus and the lower part of the lingual gyrus, iimtDih axe 
separated froni ee^ch other by the posterior segment of the coUaterai Assure.' . 

' Temporal lobe. — ^The temporal lobe presents superior, lateral, and inferior 
surfaces. , 

The superior t^urface forms the lower limit of the lateral cerebral Assure and 
overlaps the i^pila. On opening out the lateral fissure, three or four gyri. will' 
be seen sprin^l^ from the dcx)th of the hinder end of the fissure, and running 
obliquely forwards and outwards on the posterior part of the upper surface 
of the superior temporal gyrus ; these are named the transverse temporal gffti 
(Heschl) (fig. 774). 

The lateral surface (fig. 771) is bounded above by the posterior ramus of the 
lateral fissure, and by an imaginary line continued backwards from it ; below. 


FiO. 774. — A section .showing tlie upper surface of the temporal Jobe. 
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it is limited by the inferolatcral border of the hemisphere. It is divided into 
sujierior, middle, and inferior gyri by the superior and middle temporal sulci. 
The superior temporal suicris runs from before backwards across the temporal 
lobe, some little distance below, but parallel with, the iposterior ramus or the 
lateral fissure ; and hence it is often termed the parallel sulcus. The middle 
temporal sulcus takes the same direction as the superior, but is situated at 
a lower level, and is usually subdivided into two or more parts. The su^ior 
temporal gyrus lies between the posterior ramus of the lateral cerebral Mure 
and the superior temporal sulcus, and is continuous behind with the l^upra^ 
mar^al and angular gyri. The middle temporal gyrus is between the superior 
and imiddlc temporal sulci, and is joined posteriorly with the angular gyrus. 
The inferior temporal gyrus is plac^ below the middle temporal sulcus, atijd 
is connected behind with the inferior occipital gyrus ; it also esetends Tpundi 
the inferolateral border on to the inferior surface of the temporal Ibbe, whei^ 
it is limited by the inferior temporal sulcus: 

The inferior surface is concave, and is continuous posteriorly with tlm 
tentoiial surface of the occipital lobe. It is traversed by the inferiof^teiK^f^ 
sulcus, which extends from near the occipital pole beMfid, ib ^thm 
di^ance of the temporal polo in front, but is frequently sub^vid^ by? 
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X^ter^l to this ^isBUFe ifi the narrow teiiitorial part of the inferior temjporal 
and medial to it the /i«</o#m gyms, which extends from the occipital 
td the temporal pole ; this gyrus is limited medially by the collateral fiiElsure, 
which ^separates it from the lingual gyrus behind and from the hippocampal 
gyrus in front. ^ • 

^ The insula (island of Rcil) (fig. 776) lies dwply in tlio lateral cerebral 
nl^ure, and is surrounded by the circular sulcus (p ; it can only be seen 
when the .lips of the lateral cerebral fissure are widely separated, since it is 
overlapped and hidden by the gyri which bound the fissure These gyri are 
^termed the opereula of ihe insula , they are separated from each other by the 
thir^ rami of the lateral fissure, and are named the orbital, frontal, fronto- 
parietal, and temporal opereula. The orbital operculum lies below the anterior 
horizontal ramus of the fissure, the frontal between this and the anterior 
ascending ramus, the frontoparietal between the anterior ascending ramus and 


Fro. 77^. — The insula of the loft side, exposed by removing tlie opereula. 



, the pptumed end of the posterior ramus, and the temporal below the posterior 
ramus. The frontal operculum is of small size in those cases where the anterior 
horizontal and ascending rami of the lateral fissure arise from a common stem. 
AVhen the opereula have been removed, the insula is seen as a triangular emi- 
nence, the apex of which is directed towards the anterior perforated substance. 
It is divided into a larger anterior and a smaller posterior part by a deep sulcus 
(sulcus centralis insute) which runs backwards and upwards from the apex 
of the insula. The anterior part is subdivided by shallow sulci into three 
or fo^ur short gyri, while the posterior part is formed by one long gyrus, which 
is often divided at its upper end. The cortical grey substance of the insula 
IS contmuoua with that of the different opereula, while its deep siirface corre- 
sponds with the lentiform nucleus of the corpus striatum. 

Liinbk Ipbe (fig, 772),— The term limbic lobe was introduced by 
and un«iPr it ho included the cingulate and hippocampal gyri, which tf^ther 
! arch rofund i the corpus callosum and the hippocampal fissure. These he 
separate bp th« morphological ground that they are well developed in animals 
keen eenae of smell (osmatic animals), srich as the dog and fqx.. 

" gyrus W an arched-shaped convolution, lying in .close relation 

io; the siipernoial surfaice of the corpus callosum, from which it is separSled 
^ a\^7l|ke fissure,, tlii^ caj^sal fUaure, It commences below the rostrum'' 
• cgllosi^m, round in front of the genu, exten4<3 along the 

' dfjilie body^ and finally turns downwards behind the splenium, 

: where It by a narrow the hippocampal gyrus., It is. 

' ‘ -Iff ^ ^ 
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separated from the medial part of the superior frontal gyrus by the cingulato 
sylcus, and from the prfiecuncus by the sub^rietal sulcus. 

The hippocarn/pal gyms is bounded above by the hippocampal fissure, and 
below by the anterior part of the collateral fissure. Behind, it is continuous 
superiorly, through the isthmus, with the cingulate gyrus and inferiorly with 
the lingual gyrus. Running in the substance of the cingulate and hippocampal 
gyri, and connecting them' t'^gother, is a tract of arched fibres, named the 
cirt^um (p, The ante, jr 'emity of the hippocampal gyrus is recurved 

in the form of a hook (uncus), whicji is separated from the apex of the temporal 
lobe by a slight fissure, tho incisura tt/nporalis. Air^ough superficially con- 
tinuous with the hippoo‘mpai gyrus, the uncus forms morphologically a part 
of the rhinenceph 

The hippocampal fiss .i C begins immediately behind the splenium of the 
corpus callosum, and runs forwards between the hippocampal and dentate 
gyri to end in the uncus. It Is a complete fi'^sure (p. 806), and gives rise to 
the prominence of rho hippoearnpu-* in i,hc inf nor oouiu of iho lateral ventricle. 


Rhix^:)nc.v;. c 


The rhinerceph?’ «n 1\^) comprises tb*- olr^ctory b.^bc, the uncus, 
the subcallosal and ..upracailosal tht - ..scia rleniata hippocampi, the 

septum pellucidnm, tho fornix and ^he hippOf\mipu8. 

1. The olfactory lobe is sii ^d und^r tlic ii-,,‘rior or ovbital surface of 
the frontal lobe. ' m My vfi ebrates it cs a well-marked portion 


I ro. 776.- -A schomc of thj 

t «.S gu/j/t • //wo • 



of the hemisphere and contains an extension of the lateral ventricle ; but in 
man and some other mammals it is rudimentary. It consists of the olfactory 
bulb and tract, the olfactory trigone, tho parolfactory area of Broca, and the 
anterior perforated substance. 

(a) The olfactory bulb is an oval, reddish-grey mass which lies above the 
lamina cribrosa of the ethmoidal bone, and forms the anterior ^expanded 
®3tteemity of. the olfactory tract. The olfactory nerves pfiss upwards^ through 

Jhft lamina cribrosa from the olfactory region of the nasal cavity and enter 
the inferior surface of the olfactory bulb. Its minute stniotuxe is described'* 
on P- 833. ^ ^ 

(b) The olfactory tract is a narrow white band, triangulsx on ci|fx>nal section, 
the apex being directed upwards. Jt lies in the olfactory Sulcw^^n ti^j^Jboferior 
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surface of the frontal lobe, »-nd divides posteriorly into two striae, a medial 
and a lateral. The lateral kria is directed across the lateral part of the anterior 
perforated substance and then bends abruptly medialwards towards the 
uncus of the hippocampal gyrus. The medial stria turns medialwards behind 
the parolfactory area and ends in the subcallosal gyrus ; in some cases a 
small irUermediate stria is seen mnning bacKwards to the ai'^ uior perforated 
substance. 

(c) The olfactory trigone is a small triangular area in front of the anterior 
perforated substance. Its apex, directed foi wards, occupies the posterior 
part of the olfactory sulcus, and is brougi\i into view by throwing back the 
olfactory tract, 

(d) The jMrolfaciory area of Broca is a small ..ri angular field on the medial 

surface of the hemisphere in iront ct the subcsllosal gyrus, from which it is 
separated by. the posterior paiollM^ctory sulcus; is ijontiniious below with 

the olfactory trigono, and above and in front fhe cingulate g>rus ; it is 

limited anteriorly by the anterior 'o'lrolfacio, y wlcus, 

(c) The anterior perjorated substan.-t'. is an irregularl}" quadrilateral area 
in front of tie opLii and uchiud the olfactory trigone, from which it is 

separated by vhe tma ; laedicly aiiu m f»'onl. is continue ls with the 

subcallosal gyrus ; laterally ;t is bo in . .. b> the lalciv.l stria of the olfactory 
tract and is eontimu'd iiV the* !i*^cus. Its grey aitbstjvncc i.s ciuifluent above 
with that u/ Lue ti.ryjuy striai .'u, ar.u 's perfoic^ced anteriorly ''y numerous 
small blood- ves.se'S 

-2. The linens i:as alroau been w »'i (p. 812) as inc rccur^^(\., b^'ok-like 

portion of the l.tppMj.'ir.oal g; lux 

3. The subcallv ” riiacai'osai. irA dentate gvti form a riidi- 
montarj arch slv.ipe<^ ‘ / grey si. » cxiemfi the corpus 

caUo‘'i'C! ''nd aboyf ti* h’y^ocai: J ^ i the anteno: perforated 

juhstanct the uncus. 

yi) Th*. ^vhcallosr! (pedimr the oi.. pus mllosum) is r rwow 

lamina on ihc snrl'aco ot tie n .piicr' 'u f i»f i] vir na lerm^ualis, 

behind the paroifac*- area, am. oeiow the . .u M corpus callosum. 
It is continuous, around ih of corpus .-Mim ./th the supracallosal 

gyrus 

{i) The supracallosai ojtue or • •{ urn jf a thin layer of 

grey siP-.itar.ce in conva.' vvu\ b'* . ^ . o of to corpue callosum and 

continuoiij iarcrally vath tliv. gicy subsw. ■< tr.c . ’» gyrus. It contains 

two longitudinally direct stnai.o oi ' ■ ' ' ’e medvd md lateral 

kmgilndinal HtrtCh, Th., sup tcahosal y- " j ' \n r uind the .^plcnium 

of the t'lrpns erdlosum a:? a u . 'uscidu cinerm, which is 

continuous belo* ' \ h the fascia dt-niv: . ’ .u pi 

(c'j ThX'jasciaJent rta //t;yp^^a?npciu ' ^^pylMs;is^^ larrow' land extending 
downwards :nd forwards :rbo\u the Ini.^iop-Mupal ‘iy-us but separated from 
it by' the hippocampal fissure, its free .largin is nobdieil, and is overlapped 
by ' 0 fimbria — ^the fiinuriodcnlote jw,:ir'* intf j'veniLg A.nteriorly it is con* 
tin . into the notch of the uncus, where L bend- sha; plv and is then prolonged 
as a delicate band, the band Oj Giuenmini, ovei tne un uis, on the lateral surface 
of which it is lost. 

The remaifting jiarts oi the rbmcncephalor , viz, the se| cum pellucidum, 
the fornix, and the hippocampur.. will be dcsi ribcd in connexion with the 
lateral ventriole. 


Intebior of the Cebebrao FTemtspheres 

K the upper part of cither hemisphere bo removed, at a level about 1-25 cm. 
above the corpus callosum, the central white substance will be exposed as an 
Oval-shiXped area, the centrum ovale minus, surrounded by a narrow convolutied 
margin of grey substance, and studded with numerous minute red dots 
vQsmlom), pr^uced by the* escape of blood from divided blood-vessels. lH 
the remaining portions of the hemispheres be drawn slightly apart a broad 
bSnd of white' substance^ the corpus tallomm, will be obseiwedi connecting 
th^ at of the loi^tadinal fissure ; the margins of the hemispheres 
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I • ' The en4' iS" termed .the afdemum, and conetitntes the thickest 

;« part of oorpaa eaQosnm. It fl^da^horiQideft.-jf-^*^ 

{ thc> 'i3a0seno0phdlon, and ends in a thick, convex, free border. 

- the splenium shows that the posterior end of the corpus 

; oahoSufirts acutely bent forwards, tho upper and lower parts beinc applied 
; to each other. 

/ The suf>erior surface is convex from before backwards, and is about 2’6 cm. 
ydde. Its medial part forms the bottom of the longitudinal fissure, and is' 
in contact poEfteriorly with the lower border of the falx cerebri. Laterally 
it. is overlapped by the cijigulate .gyrus, but is separated from it by the slit-like 
cajlpsaL^ssure. It is traversed by numerous transverse ridges "and furrows, 
and is covered by a thin layer of grej^ matter, the supracallosal gyrus, which 
eX^bits on either side of the middle lino the medial and lateral longitudinal 
stride already described (p. 813). 


Fio. 778. — A solienie showing the relations of the ventricles to the surface of 

the brain. 



Fourth ventricle 

The inferior surface is concave, and forms on either side of the middle line 
the r oof o i^thc- lateral ventricle. Medially, this surface is attached in front 
to the septum ^pellucidum ; behind this it is fused with the upper surface 
of the l^ody of the fornix, whU^p the si)lcniuni is in contact with the tela; 

"TTRt'^ither side, the fibres of the corpus calhjsum radiate in the white substance 
ikhd pass to the various parts of the cerebral cortex ; those curving forward 
from'^Hie genu into the frontal lobe constitute the fort^j^sjmteriori and those 
cmrvh^ baolpirards from the splenium into the occipital lobe, mo W^^ nosterioF, 

\ !B(Sf two ^rts is the main body of the fibres; these constitute the 
a nd laterallv on. either side into the temporal lobe, and cover ' 
\'^eciesi^Vpairt of tbe ventricle. 

lat^al ventlicles (fig. 778). — ^The two lateral vMtricles Ixe itregn^ 

' eaVltlss.sitha^ in the and medial parts of the cerebral beniisphec|jj»; 

, onb Oa^ithCr of the |nidHIe line. They separated from each o&eip. to ^ 
parriwn,, the:sep^ww peUmidum, btrf» cornmvmieate 

other ihrough the 
diaphanous membrane, thb 
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covered by ciliated epithelium, and contain cerebrospinal fluid, which, even 
in health, may be secreted in considerable amount. Each lateral ventricle 
consists of a central part or body, and three prolongations from It, termed 
cornua (figs. 779, 780). 


Fig. 779 ,^^ drawing of a cast of the ventricular cavities, viewed from above. 

(Betzius.) 



Fig. 780. — A drawing of a ('n.st of tlic Neiifcricu^nr ravitios, viewed from the tide. 

(Bet'/iu: .) 


Inter t'f ntrievtar foramen 



The central part (fig. 781) of the lateral ventricle extends from the inter* 
yentrioolar foramen to the splenium of the corpus callosum. It is sA 
irregularly curved cavity, triangular on transverse section, with a rotof, a 
floor, and a medial wall . The roof is formed by the under suefooe of the corpus 
callosum ; the floor, directed upwards and medialwards, by the folloti^ 
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jparte^ enumeMkted in tlieir ordee of portion from before backwards: the 
^rcaudate nnolens o£ the corpus striatum, the stria terminaJis and the terminal 
vem, the lateral portion of the upper surfoce of the thalamus, the chorioid 
^plexus, and the lateral part of the fornix ; the medial wall is the posterior 
;part of the septum pelluciduih, which separates the ventricle from that of 
the opposite side. 


Fig. 781. — ^The central parts and tlie anterior and posterior cornua of the 
lateral ventricles, exposed from above. 



The anterior epmu (fig. 781) passes forwards and lateralwards, with a 
slight inclination downwards, from the interventricular foramen into the 
frontal lobe. It curves round the head of the caudate nucleus, and is bounded 
anteriorly by the posterior surface of the genu of the corpus callosum. In 
a coronal section it appears as a triangular slit below the anterior part of the 
coxpua'CalloB^. Its floor is convex, directed upwards and medialwards, 
and is lorined by the head of the caudate nucleus. Its medial wall is vertical 
and consists of the septum pellucidum <p. 826). 

The posterior c6rnu (figs. 781, 782) passes iilfco the occipital lobe, its 
di];ection being baokwaids and lateralwards, and then medialwards. Its roof 
and lateral ivdl are formed by the fibres of the. corpus callosum passing to the 
tempo^ and occipital 16^^. On its medial wall is a longitudinal eminence, 
the atn>, which is aS int^olution of the ventricular w^ produced by the 
caleariine fij^ure. Above this, the forceps posterior of the corpus, callosum, 
sweeping tc^d to mtor the occipital lobe, causes another projection, termed 
tbe mXb of tile ’posterior Oomn. The calcar avis and bulb of the posterior 
c:a. Sr 
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I to Vit^ 2*5 cm. of the afcpex of the temporal lobe, its 

portion being fairly well indicated on the surface of the brain by the superior 
^ temporal sulcua. Its roof is formed chiefly by the inferior surface of the 
ta]^tum erf the corpus callosum, but the tail of the caudate nucleus and the 
^ stri4 tern^alis also extend forwards in the roof, at the extremity of which 
. they end, in a mass of grey substance, the nudeua amygdahe. Its floor presents 
the following parts : the hippocampus, the fimbria hippocampi, the collateral 
eminence, and the chorioid plexus, ^^en the chorioid plexus is removed, a 
cleft-like opening is left along the medial wall of the inferior cornu ; this cleft 
constitutes the lower part of the chorioidal fissure. 

The hippocampus (figs. 783, 784) is a curved eminence, about 5 cm. long, 
which extends throughout the entire length of the floor of the inferioi* cornu. 
Its lower end is enlarged, and presents two 

•or rounded elevations or digitations, jj-n,. 784.— The inferior w.rl poa- 

which give it a paw-like apparance, and tcrior cornua of the left lateral 
hence it is named the jpes hippocampi. If ventricle, viewed from above. 

^ transverse section be made through the 
hippocampus, it will be seen that this emi- 
nence is produced by the folding of the wall 
of the hemisphere to form the hippocampal 
fissure. The main mass of the hippocampus 
consists of grey substance ; but on its ven- 
tricular surface is a thin white layer, the 
alveus^ which is continuous with the fimbria 
hippocampi. 

The collateral eminence (fig. 784) is 
an elongated swelling lying lateral to and 
parallel with the hippocampus. It corre- 
sponds with the middle part of the collateral 
fissure, and its sizie depends on the depth 
and direction of this fissure. It is continuous 
behind with a flattened triangular area, the 
trigoiium collaterale, situated between the 
posterior and inferior cornua. 

The fimbria hippocampi is a continuation 
of the crus of the fornix, and will be discussed 
with that body ; the chorioid plexus is 
described on p. 826. 

The corpus striatum has received its 
name from the striped appearance which a 
section of * its anterior part presents, in 
•consequence of diverging white fibres being 
mixed with the grey substance which forms its chief mass. A part of the 
corpus striatum is imbedded in the white substance of the cerebral hemisphere, 
and is therefore external to the ventricle; it is termed the extraventricular 
portion, or the leniiform nucleus ; the remainder, however, projects into the 
ventricle, and is named the intraventricular portion, or the caudate nucleus 
(fig. 786). 

Tlie caudate nucleus (fig. 781) is a pear-shaped, highly arched grey mass ; 
its broad extremity, or head, is directed forwards into the anterior cornu of 
the lateral ventricle, and is continuous with the anterior perforated substance 
and with the anterior end of the lentiform nucleus ; its narrow end, or tail, 
is directed backwards on the lateral side of the thalamus, from which it is 
eepa^^ by the etria terminalis and the terminal vein ; it is then continued 
4ownwards into the rpof of the inferior cornu, and cuds in the nvjcleus amygdaXes 
at the apex of the. temporal lobe. It is covered by the lining of the lateral 
ventricle, and cirossed by some veins of considerable size. It is sej^arated 
ixhm the lentiform nucleic, in the greater part of its extent, by a thick lamina 
<rf whit# substance, called the inUmal capsule, but the two portions of the 
strjustum are imited in front (figs. 786, 787). 

^ The lentifoim nucleus (lenticular nucleus) is lateral to the caudate nuOleu$i 
niid thalamus, Aud is seen only in sections of the hemisirfi^e. When divi^^ 
li^dsontal^., it^ esdiibi^, to some extent, the appearance of a biconvex lete 
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(tig. 785), while a coronal section of its central part presents a sotnewhat 
triangular outline. It is shorter than the caudate nucleus and does not extend 
as far forwards. It is bounded laterally by a lamina of white substance called 
the external capsvle, and lateral to this is a thin layer of grey substance termed 
the claustrum. Its anterior end is continuous with the lower part of the head 
of the caudate nucleus and with the anterior perforated substance. 

In a corop-^ section through the middle of the lentiform nucleus, two • 
niedullary lamince arQ scon dividing it into three parts. The lateral and largest 


Fio. 785. — A hurizoiitai section o£ the right cerebral hemisphere. 


Genu of cor%iUS railoiuvi 
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TlwXa m u^ 


Tail of caudate nucleus 
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Inferior cornu of lateral ventricle 


A rea striate 


Posterior cornu of lateral ventricle 



External capsule 
^lauslrum 
Insula 


Optic radiation 


part is of a reddish colour, and is known as the putamen, while the medial and 
intermediate parts are of a yellowish tint, and together constitute the gldma 
paUidus ; all tlu*oe arc marked by fine radiating white fibres, whioh are most 
distinct in the putamen (fig. 787). 

* The grey substance of the corpus striatum is traversed by nerve-fibres, 
some of which originate in it. The cells are multipolar, both large and small ; 
those of the lentiform nucleus contain yellow pigment. The caudate and 
lentiform nuclei are not only directly continuous i^th each other anteriorly, 
but are connected to each other by numerous fibres. The coraus striatum, 
is also connected : (1) to the cerebral cortex, by the corticoatriaie j&res ; (2) to 
the thalamus, by fibres which pass throu^ the internal capsule, and by a. 
str^d named the mim letUiformia; (3) to the cerebral peduncle, by ^res 
.which leave the lower parts of the caudate and lentiform nuclei. 
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THE INTERNAL CAPSULE 

Thexlaustrum (figs. 786, 787) is a thin layer of grey substance, situated 
on the lateral surface of the external capsule. In a coronal section it is seen to 
be triangular in shape, with the apex directed upw^ards. Its medial surface, 
contiguous to the e^rtemal capsule' is smooth, but its lateral suiiace presents 
rid|[es and furrows corresponding with the. gyri and sulci of the insula, with 
which it is in close relationship. The claustrum is regarded as a detached 
portion of the grey substance of the insula, from which it is separated by a 
layer of white fibres, the capsula extretna or band of Baillarger. Its cells are 
small and spindle-shaped and contain yellow pigment ; they are similar to 
those of the deepest layer of the cortex. 


Fig. 786. — A coronal section through the anterior cf)rnua of the lateral ventricles. 
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The nucleus amy^dalse is an ovoid grey mass, situated at the lower end 
of the roof of the inferior corriii. It is merely a localised thickening of the giey 
cortex, continuous with that of the uncus ; in front it is continuous with the 
putam^ behind with the stria terminalis and the tail of the caudate nucleus. 

(fig- 788) is a flattened band of Avhite fibres, between 
the lentiform nucleus on the lateral side and the caudate nucleus and thalamus 
on the medial side. In horizontal section (fig. 785), it is seen to bo somew'hat 
abruptly curved, with its convexity directed raedialwards ; the prominence 
of the curve is called the genu, and projects between the caudate nucleus and 
the thalamus. The portion in front of the genu is termed the frontal part, 
and separates the lentiform from the caudate nucleus ; the portion behind 
the genu is the occipital part, and separates the lentiform nucleus from the 
thalamus. 

The frontal part of the internal capsule contains : (1) fibres ruiuiiag from 
the thabmus to the frontal lobe ; ,(2).fibres Joining the lentiform and caudate 
nuclei ; (3) fibres connecting the cortex with the corpus striatum ; and (4) fibires 
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passing from the frontal lotie thi*ongh the medial fifth of the base of the eerebral 
peduncle to the nuclei pontis. The fibres in the region of the genu are nam^ 
the geniculaie fibres ; they originate in the motor part of the cerebral cortex,, 
and, after passing downwards through the base of the cerebral peduncle with 
the cerebrospinal fibres, undergo decussation and end in the motor nuclei 
of the cerebral nerves of the opposite side. The anterior two-thirds of the , 
occipital part internal capsule contains the cerebrospiml . which 

arise in the motor wea of the cerebral cortex, and passing downwards through 
tlie middle three-fifths of the. base of the cerebral peduncle, are continued into 


Fio. 787. — A cr^ronal section of the brain through the anterior commissure. 
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the pyramids of the medulla oblongata. The posterior third of the occipital 
part contains : (1) sensory fibres, largely derived from the thalamus, though 
some may be continued upwards from the^ medial lemniscus ; (2) the fibres of 
the optic radiation, from the lower visual gentries to the cortex of the ocqipital 
lobe ; (3) acoustic fibres, from the lateraiii^ lemniscus to the temporal lobe 
and (4) fibres which pass from the occipital and temporal lobes to the nuclei 
pontis. 

The fibres of the internal capsule radiate widely as they pass to from 
the various parts of the cerebri cortex, forming the corona raduxta (fig/ '785)^ 
and intermingling with the fibres of the corpus callosum. > . ‘ 

The external capsule (fig. 785) is a kmina 6f white substduce^. situated ' 
laterally to the lent^orin nucleus, between it and the oiaustram, arid contihuoiUs 
with the internal capsule below and behind the len^orm nuclauHv. It pi^l^bly 
contains fibres derived from the. thalamus, the, author 
subtbalaihic region. . _ V, V •. 

The substantia innominata of Mqfnat 'is a of 

and white' substance, which lies below tne.anterior pi^ 
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(SMi^ibB'd! th)^ bnrears, supepbr; middla, aDd.|if6tior, 
ii4 the ««wa lenH^ftinnii, aod its fibies, deritw irom 

te med«;i^«i^ ntuiletis, jptiM medially to end in the 

^haiatQ^ aha snl^hidainib r^cm , while otiiera toe' said to end in the tegmentum 
l^'itcid ^iraeiev^' The midMe layer consists of nOrve-oells and nerve-fibres ; 
;fibr«S,enter H from tbo parietal lobe throngh the external (sapsule, while others 
are a^d to oonnert it with the medial longitudinal fasciculus. The inferior 
Ifiiydf forms the main part of the inferior stalk' of the thalamus, and connects 
[,thia>body with the temporal lobe and the insula. 


Fro. 788. — A dissection showing the course of the cerebrospinal fibres. 
(E. B. .Taniieson.) ■ * 



The stria tenninalis (tteuia semicircularis) is a narrow band of white 
substance situated m the depression between the caudate nucleus and the 
thalamus. Antmiorly, its fibres are partly continued into the column of 
the fornix ; some, however, pass over the anterior commissure to the mey 
^ac^tamce heturoen the caudate m^us and septum pellucidum, while others 
' arifi s^;.^ i^ter..the caudate nucleus. Posteriorly, it is continued into the 
roof, of raO .ii^^or cornu of the lateral ventricle, at the extremity of which 
.'it.' bt^^<^3,;thi|~'nQelenB amygdals. Superficial to it is the termuial vt^ (vein 
: Of’ lhvOOi^^/Striatim^ receives munerous tributaries from tho corpus 

. sfatiajbim''''fii^. 'Calamus ; it runs forwards to the interventricular foramen 
tha the ohorioid plexus to form the conospondii^ 

* .On the sprfsbe of the tominal vein is a narrow, wh^ 

5S9V.ia.a longitudinal, arch-shaped lamella of white 


tmilM' to .eobh'othor in front imd 



m NEUROLOGY 

but their central ports joined together' in the middle line. ante^dt 
parts are call^ the? columns of the fornix ; the intermediate united! portions, 
the body ; and the jposterlor parts, the crura. 

The of the fornix is triangular, narrow in front, and broad, .belwd. 
The medial part of its upper surface is conneoted to the septum whuemum 
in front and to t!^ corpus callosum behind. The lateiral portion ^ si^aoe 

forms part of tfiefleor of the lateral ventricle, and is covered by ff 0 vontrioular 
epithenum. Its thin lateral edge overlaps the chorioid plexus, and is coh-^ 
tmuous with the epithelial covering of this structure. The under surface 


Fig. 789. — The fortiix and the corpus callosum, from below. (From a specimen in 
tlic Department of Human Anatomy of the University of Oxford.) 
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rests upon the tela choiioidea of the third ventricle or velum inteipjsitum, 
which sejArates it from the epithelial roof of the third ventricle, and from the 
medial portions of the upper surfaces of the thalami. The literal ptwthms 
of the body of the fornix are joined mferiorly by a thin triangular bhniha, nam^ ' 
the pmUervam or lyra. Th^ lamina conttons wme transverse fibres ^hibh 
connect ibe two hippocampi across the. middle dim and constitute . 

cempal commiasure. Between the psalteriuin and riie cor]pttB -.<iia|l{H^^ a,, 
horiaontat cleft, the so-oalled vtaitriOa ef'^the fornia! or ventndfi a- 

sometimeB found. ' 

1316 colnmna .(anterior pillus) of the foritix airon downwilrds in 
the thalamus and behind the anterior eonMnia wy, ah d fono^ ^tln 
boundary of 'th# intervmtrioular foranoirii; : ep^ Jdiwsehda' 

. substance. in the lateral wall of .the third vet^dtle It^j-the ^ . 

z^where it ends hi the corpus ma^fflare,. Irinq. 
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THE ANTERIOR COMMISSURE 

. thalaminum fasdculus (bundle of Vioq d’Azyr) takSs origin and 
is prolonged into the anterior nucleus of the thalamus. The column of the 
fornix and the tbalamomamillary fasciculus together form a loop resembling 
figure 8, but the continuity of the loop is broken in the corpus mamillare. 
The^cdlumn of the fornix is joined by the stria medullaris of the pineal body 
and by the superficial fibres of the stria terminalis ; it is said also to receive 
fibres from the septum pellucidum. Zuckerkandl describes an olfactory faseieuhis 
wMch becomes detached from the main portion of the column of the fornix, 
aim passes dourfiwarda in front of the anterior commissure to the base of the 
brain, where, it divides into two bundles : one Joins the incdiai stria of the 
olfactory tract ; the other joins the subcallosal gyrus, and through it reaches 
the hippocampal gyrus. 

The crura (posterior pillars) of the fornix are prolonged backwards from the 
body. They are flattened bands, and at their commencement are intimately 
connected with the, under surface of the corpus callosum. Diverging from 


Fig. 790. — A coronal section of the inferior cornu of the lateral ventricle. 

(Diagramtnatic.) 

Tail of caudatr nuclem 



one another, each curves round tho posterior end of the thalamus, and passes 
dormwards and forwards into tho inferior cornu of tho lateral ventricle, 
(figs. 784, 788). Here it lies along the concavity of the hippocampus, on the 
surface of which some of its fibres are spread out to form the alvetM, while the 
remainder are continued as a narrow white band, the fimbria hippocampi, which 
is prolonged into the unons of the hippocampal gyrus. The inner' edge of the 
fimbria overlaps the fascia dentata hippocampi (dentate gyrus) (p. 813), from 
'which it is separated by the fimbrioderUate jissure ; from its lateral, thin edge 
the ventricular epithelium is reflected over the chorioid |dexus as the latter 
projects ihto the chorioidal fissure. 

Intcrrratncular foremen (foramen of Monro).— Between tho columns 
of the ftm^’ the anterior ends of the thalami, an oval aperture is present 
on etthior r this is the interventricular foramen, and through it the lateral 
ventricles ndmmnnicate with the third ventricle. Behind the epithelial lining 
of the the chorioid plezuses of the lateral ventrieles are joined aorcos. 

the .middle Bttk 

' 'Thh smterior comminsure is a handle of white fitires, connecting the 
t.W oecahral hemis pher es across the middle Une, and placed in frmt of the 
r^imhns'd the fornix. On s^ttal section it is ovfd in shaife, its long dUmeteir 
bring veriical and.meosari^ ahont fimm. . Its fibres, can bp riaced lateraiwatds 
•Sli d ' baohwards oh either ride hoieath the corpus striatum into the snbstanee 
of tttd .lobe. .It connects tbe two temporal lobes, and also.oontaimi 
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The septum peUiiddium (fig. 764) is a iMa, 
consisting of two laminn^ separated in the greater of t^eir extept t)§)r a 
narrow chink or interval, the cavity of ike septwnt pMueidiM. It is atj^'h^, 
above, to the vnd^ surface of the corous caUosuln ; belewi.te the,<pDd(«^i^ 
part of the foitux behind, and the refieoted ]^rUon of the ■wpmw oqUeif^- 
in front. It is tripngnlar in form, with its base in front ; its &ffrioir'J^l^e 
corresponds witi^slhe upper part of the anterior commissure. ■ T^' 
surface of each lamina is directed towards the body - and anterior eosmu ci 
the lateral ventricle, and is covered by the ependyma of thait; cavity. 


• Fiu. 791. — The tela chorioidea of the tiiird ventricle, and the ohorioid plexus of 
the left lateral voutriclC, exposed from above. 



The cavity of Ike eeptum peUtusidum is generally rSg^trded as .purt d the 
longitudiiud cerebral fissure, which has become shut Oil by tipkel^of 
tbn hemianheres in the formation of the corpus callosum abenm foroiX' 

ch half of the septum therefore forms part of of '. 


below. 



cavity of the cerebral vesicles, and never comipuiuoates wi^, the ,i^ei«4rfol(^ : 
of the brain. ' . •■.v'* v'f 

The chorioid plexus of the lateral vPatrtcleu (fig. 
vascular, fringe-lii^ prqceffi of pia mater, which .j^ft^ects 
cavity. The plexus, however,’ is everywhere eov^^ -by a 
■ oontinucuK with the ejuthehal, lining' of the 

^interventrieujwr ionan^etia where it is joinfd' wi^ ®ie.^ . . * 


set 

viatriole^ to the end of the ioferior comu. The part in relation to the body 
of the Veintriole forme the vascular fringed mar^ of a triangular process 
of pia mater, nanied the tela chorioidea ot the third ventricle, and projects 
fiepni under coypr of the lateral edge of the fornix. It lies upon the upper 
e^ace of ^e thalaihus, from vrhich the ventricular ^ithehum is reflected 
oyer the plexus on to the edge of the fornix (fig. 768). The portion in relation 
to the inferior comu lies in the concavity of the hippocampus and overlaps 
the fimbria hippocampi ; from the lateral edge erf the fimbria the epithelium 
is reflected Over the plexus on to the roof of the cornu (fig. 790). 

The qhorioid plexus consists of minute and highly vascular viUous processes, 
each vdth an afferent and an efferent vessel. The arteries of the plexus are : 
(a) the anterior chorioidal, a branch of the internal carotid artery, which 
enters the plexus at the end of the inferior comu ; and (6) the posterior 
chorioidal, one or two small branches of the posterior cerebral artery, wliich 
pass forwards under the splenium. The veins of the plexus unite to form 
a tortuous vein, which courses from behind forwards i»o the interventricular 
foramen and there joins with the terminal vein (p. 680) to form the ctorre- 
j^ponding internal cerebral vein. 

When the chorioid plexus is ptilled away, the continuity between its 
epithelial coveiing and the epithelial lining of the ventricle is severed, and a 
cleft-liko space is produced. This is named the chorioidal fissure ; like the 
plexus, it extends from the interventricular foramen to the end of the inferior 
cornu. The upper part of the fissure, i.e. the part nearest the interventricular 
foramen, is situated between the lateral edge of the fornix and the upper 
surface of the thalamus ; farther back, at the beginning of the inferior oornn, 
it is between the commencement of the fimbria hippocampi and the posterior 
end of the thalamii^s, while in the inferior cornu it lies between the fimbria* 
in the floor and the stria toriuinalis in the roof of the cornu. 

The tela chorioidea of the third ventricle (velum interpositum) 
(fig. 791) is a double fold of pia mater, triangular in shape, which lies beneath 
the fornix. The lateral portions of its lower surface rest upon the tlialami, 
while the medial portion of this surface is in contact with the epithelial roof 
of the third ventricle. Its apex is situated at the interventricular foramen ; 
Its base corresponds with the splenium of the corpus callosum, and occupies 
the interval between that structure above and the cor])ora quadrigemina 
and pineal body below. This interval, together with the lower portions of the 
chorioidal fissures,, is sometimes spoken of as the transverse fissure of the brain. 
The two layers of the tela separate from each other at the base, and are con- 
tinuous with the pia mater investing the brain in this region. Its lateral 
margins are modified to form the highly vascular chorioid plexuses of the 
lateral ventricles. It is supplied by the anterior and posterior chorioidal 
arteries already described. The veins of the tela (chorioidea are named the 
internal cerebral veins (venae Galeni) ; they are two in number, and run back- 
wards ^between its layers, each being formed at the interventricular foramen 
by the union of the terminal vein with the chorioidal vein. The internal 
cerebral veins unite posteriorly in a single trunk, the great cerebral vein (vena 
magna Galeni), which curves backwards and upwards behind th(^ splenium 
of the corpus callosum and ends in the straight sinus. 


STRTTCTTJBlfl OF THE CEKBBEAL HEMISPHERES 

, The cerebral hemispheres are composed of grey and white substance : the 
, f their . spaces, «nd is termed the cortex ; the latter occupies 
the of the hemispheres. 

' The .white substance c<msists of ^odullated fibres, varying in size, and 
arrimged in bundl^ supported by neuroglia. The fibres may be divided^ 
sedprqing to their qourse and connexions, into three systems. 1. Pro^‘eotioh 
ffbres conneci the hemisphere witli the lower parts of the brain and with the 
hiefiullej smahlis. Transverse or commissutal fibres umte the two hewi- 
' sj^heri^J Asd<Kfi^tiOn fibres connect different structures in the samo 
heUjiisi^ere these are, in nnmy instances, collateral branches^ of the, 
ps^jectioh fibre^s, but pth^s are the axons of independent pells. 
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1. The projection fibres consist of effercnit and afferent fibres uniting 
the cortex with the lower parts of the brain and with the medulla spinalis. 
*nie principal efferent strands are : (1) the motor tract, occupying the genu 
and anterior two-thirds of the occipital part of the internal capsule, and con- 
sisting of (a) the geniculate fibres, which decussate and end in the motor nuclei 
of the cerebral nerves of the opposite side ; and (b) the cerebrospinal fibres, 
which are prolo%ed through the pyramid of the medulla oblongata into the 
medulla spinalis ; (2) the corticopontine fibres, ending in the nuclei pontis. 
The chief afferent fibres are : (1) those of the brachia conjunctiva cerebelli 
which are not interrupted in the red nucleus and thalamus ; (2) numerous 
fibres arising within the thalamus, and passing through its stalks to the different 
parts of the cortex (p. 796) ; (3) optic and acoustic fibres, the former passing 
to the occipital, the latter to the temporal lobe.^ 


Fio. 792. — A diagram showing tlie principal systems of association fibres 

in the cerebrum. 



2. The transverse or commissural fibres connect the two hemispheres. 
They include : (a) the transverse fibres of the corpus callosum, (6) the anterior 
commissure, (c) the posterior commissure, and (d) the lyra or hippocampal 
commissure ; they have already b^n described. 

3. The association fibres (fig. 792) unite different parts of the same 
hemisphere, and are of two kinds : (1) short association fibres connecting adjacent 
gyri ; (2) long association fibres passing between more distant parts. 

\The short association fibres lie immediately beneath the grey substance 
of the cortex of the hemispheres, and connect ^jacent gyri. 

The l&ng association fibres include the following : (a) the uncinate fasciculus ; 
(b) the cingulum ; (c) the superior longitudinal fasciculus ; (d) the, inferior 
longitudinal fasciculus ; (e) the perpendicular fasciculus ; (/) the occipito- 
frontal fasciculus ; and (g) the fornix. 

(a) The undnate fasciculus passes across the bottom of the lateral cerebral 

fissure, aiui unites the gyri of the frontal lobe with the anterior end of the 
temporal lobe. t 

(b) ihp cingulum is contained within the cingulate gyrus. Beginning in 
front at the anterior perforated substance, it passes forwards and upwards 
parallel with the rostrum, winds round the genu, runs backwards above the 
body of the corpus callosum, turns round the splenium, and ends in the hippo- 
campal gyrus. 

(c) The superior longitudinal fascicultts passes backwards from the frontal 
lobe above lentiform nucleus and insuia ; some of its fibinee end in the ; 
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occipital lobe, and others curve doumwarda and forwards into the temporal 
lobe. 

(d) The inferior hngitvdiml fasciculus connects the temporal and occipital 
Iqbes, running along the lateral walls of the inferior and posterior cornua of 
the lateral ventricle. 

(e) ^e perpendicular fasciculus runs vertically through the front part of 
the occipital lobe, and connects the inferior parietal lobule with the fusiform 
gyrus, 

(/) The occipitofrorUal fa^sckulus passes backwards from the frontal lobe, 
along the lateral border of the caudate nucleus, and on the medial aspect 
of the corona radiata ; its fibres radiate in a fan-like manner and pass into 
the occipital and temporal lobes laterally to the posterior and inferior cornua. 
Dejerine regards the fibres of the tapetum as being derived from this fasciculus, 
and not from the corpus callosum. 

(^) The fornix connects the hippocampal gyrus with the corpus mamillare, 
and, by means of the thalamomamiUary fasciculus, with the thalamus 
(p. 825). Through the fibres of the hippocampal commissure it probably 
al.eo unites the right and left hippocampal gyri. 

The grey subistance of the hemisphere is divided into : (1) that of the 
cerebral cortex, and (2) that of the caudate nucleus, the lentiform nucleus, 
the claustrum, and the nucleus amygdal®. 


STRirCTtTBE OF THE CEREBRAL CORTEX (fig. 793) 

The cerebral cortex differs in thickness and structure in different parts of 
the hemisphere. It is thinner in the occipital region than in the anterior 
and posterior central gyri, and it is also much thinner at the bottom of the 
sulci than on the top of the gyri. 

The cortex is made up of nerve-cells of varying size and shape, and /of 
nerve-fibres which are either meduUated or naked axis-cylinders, imbedded^ in 
a matrix of neuroglia. According to J. S. Bolton, it exhibits five layers : 

1. The outer libre-lamina (molecular or ploxiform layer). 

2. The outer ccll-lamina. 

3. The middle cell-lamina (layer of granules). 

4. The inner fibre-lamina (inner band of BaiUarger). 

5. The inner ceU-lamina (polymorphous layer). 

1. The outer fibre-lamina. — ^The superficial part of this layer consists 
of a stratum of meduUated nerve-fibres (plexus of Exner), running parallel 
with the surface. The deeper part is largely composed of the dendrites of 
cells from the subjacent lamina). It contains also a few nerve-cells, and the 
terminations of fibres which run into the cortex from the white substance 
of the hemisphere. The ccUs are of two kinds : (1) small irregular cells with 
a varying number of dendrites and short axons ; (2) fusiform cells with their 
long axes paraUel with the surface ; the dendrites and the axons of the latter 
run horizontally, and the axons give off numerous coUaterals. The distribution 
of the axons of both types of ceU is limited to the outer fibre-lamina. 

2. The outer cell-lamina contains a large number of pyramidal nerve- 
cells which are smaU (10/* bo 15/x in length) in the superficial part, but large 
(20/a to 30/a) in the deep part of the lamina. Each pyramidal cell contains 
.granular pigment and a largo round or oval nucleus, and the apex of the ceU 
is directed towards the surface. The axon arises from the base of the ceU, 
and runs into the central white substance, ^ving off collaterals in its course, 
and being distributed as a projection, association, or commissural fibre. The 
apical and ba^ parts of the cell give off dendrites ; the apical dendrite ends 
in the molecular layer by dividing into numerous branches, all of which may 
be seen, when stained by the silver or methylene blue method, to bc^studdra 
with bristle-like processes. 

3. The middle ceU-laihina or layer of granules consists chiefly of small 
stellate ceU^, but some pyramidal cells are also present in its deepest part. 
The axons of the stellate cells run a short course, and terminate either in rfie 
same layer or in the outer cell-lamina. The axons of some of the p;^amidal 
cells descend for a short distance and then turn back and end th the outer 
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oeO-lamma; 6!E others run into the o^tral white substa^Oi In 

this lamina a well-marked' stratum of nerve-fibres {ei»temal band of BdtUafger) 
runs parallel with the cortex. 

The middle cell-lamina is e.specially developed in the occipital lobe (visuo- 
sensory area), where it consists of two layers which are separated by the layer 
of white nerve-fr^‘ 1 ^ which is hero named the band of Genmfi> 

Fio. 793. — A diagnun to show tho layers of cells atid fibres in the grey substance 
of the cortex of the hum an cerebral hemisphere,, according to th© histo- 
logical methods of Golgi, Nissl and Weigert. From Iniciani’a Physiology 
(Macmillan & Co., LU.). 
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4. T^e inner fibre-lamina is composed of mednllated nerve-Mr^ runnix^ 
parallel with the suxface, and forming th6 intftml imtd of Baptarqer, l!Q.:>the . 
anterior central gmus and in the paracentral Iobn}e it conta^ large 
cells, the of Betz, which are often, sofitory. beam m 

of three* to five. These cells may be and '40p in breftdjmil m 

,liie paracfmtrpl lobule they. may attaiQ-a leAgai-^'gi WA,.' . . 1 : 

vK'The iniiier cdl-lamina or pol^orjibow laj^ oonti^'OeQa m yari^itts 





eat 

stellate; Their dendrites are directed 
oi|^Vi&rd8^ Imf ;ao Ikit i^h the medeenlat .layer ; most of their axons pass 
the subjaoent ^te substance. The aions of a few of these cells (cells 
OnGolgi’s second t^rpe) axe short, and terminate in the adjacent grey substance, 
Tlie cdla of in the inner cell-lamina are pyramidal in" shape aith 

th^ b^s direc^ towards the surface ; their dendrites are short, and their 
ax9na pfws out into the outer fibre-lamina, where they form an extensive 
horaontal arborisation. 

• In addition to the bands of meduUated fibres described above as running 
. parallel with the surface (tangential fibres), two other tangential bands occur, 
^e band of BmUer^ in the outer cell-lamina, and the deep tangential fibres 
in the lower part of the inner cell-lamina. The tangential fibres consist of 
( 0 ) the collaterals of the axons of the pyramidal and polymorphous cells, and 
of the cells of Martinotti ; (b) the branching axons of Golgi’s colls ; (c) tbt^ 
cbllaterals and terminal arborisations of the projection, commissural, and 
sissooi^tion fibres. Badial fibres also occur in the cortex and are, on the one 
hand, the axons of the pyramidal and polymorphous cells descending into 
the white substance, and, on the other, the terminations of projection, 
commissural, or association fibres, ascending to end in the cortex. The axons 
of the cells of Maxtinotti are also ascending fibres. 

Development of the laminae of the cortex.— The inner cell-lamina 
is the first to appear in .the course of development, and in the sixth month of 
f jostal lif e it has attained three-fourths of its adult depth. The inner fibre- 
lamina is associated with the inner cell-lamina, and although it does not appear 
until the sixth month of festal life, it reaches its adult depth very quickly. 
The middle cell-lamina can be distinguished in the sixth month of foetal life ; 
at this period it is one-half, and at birth three-fourths of the depth which it 
finally attains. The outer cell-lamina is the last to develop, both ontogeneti- 
cally and phylogenetically, and its depth varies with the intellectual capacity 
of .the individual. The outer fibre-lamina is well developed at birth, and 
its further growth is associated with that of the outer cell-lamina. 


SPECIAL TYPES OP CEREBRAL CORTEX 


The histological investigations of Bevan I^ewis, Bolton, Campbell, and 
Brodmann, the embryologioal researches of Flechsig, and the experimental 
work of Sherrington and many others, have shown that the cortex of the 
cerebral Jiemispheres can be mapped out into areas which possess different 
functions, and that the minute structure of the cortex varies characteristically 
in those different areas. The anterior central gyrus (motor area), the con- 
volutions bounding the calcarine fissure (visuosensory area), the prefrontal 
diiM»rict (associational area), and the hippocampal gyrus may be taken 
its 

The motor area (figs. 794, 796) is characterised by the presence of the 
giafitrcells of Betz in the inner fibre-lamina, and by the absence or very slight 
oevelopioieht of the midcUe cell-lamina. Physiological investigations show 
that the centres for the lower limb are located on the highest part of the anterior 
'Centde^l gj^nis and its continuation on to the paracentral lobule ; those for the 
trubfc are. on. the upper portion, and those for the upper limb on the middle 
porti^' oi ' tfaie ontetior central, gyrus. The facial centres are situated on the 
same gyrus, those for the tongue, larynx, muscles of mastiea* 
on the frontal operculum, while those for the head and neck 
.1^ pc&lkiat end trf Ae middle frontal gyrus. 

/V areh (figs. 794, 796) is distingu^ed by the j^resenoe 

iidf band of Oibmm sitperficibl to the middle cell-lamina and a' second lay^ 

b^nd ol Qennari and the outer oell-lamina. WnM, 
Gtonnori and the layers of granules superficial^ 
W former by as much as ^ per cent, in old- 


ceU-IamiDa develops early, but in the adulti 
same, layer in the prefrontid re^oh* 
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Tho viauosensory ftrofii is surroundod by a zo^6 1 oni. or more in bre&dth) known * 
as the visuopsychic area. In this zone the outer superadded layer bf granules 
suddenly ceases, and the outer cell-lamina is more developed. In infants pne 


Fig, 794. — The areo®^ localisation on the lateral surface of the left cerebral hemisphere 



Motor area in red. Area of aensations In blue. Auditory area in gnien. Visual are? in yellow. 

The psychic iwrtiona are in lighter tints, 


Fig. 79.3. — 'J'lio areas of localisation on tho incilial surface of the left cerebral hemisphere.. 



Motor Area in red. Area of genm) sensations In bine. Visual area to yeUow. Olfactory area to purple/ 

The psychic portions are In lighter tints. 

month old the outer cell-lamina is two-tlrirda, and at the age of thim mobtbe ; 
it is three-fourths, of the adult depth. The strui^ure df the visnepsyehio 
area is not mod^ed by blindness. 

The minute structure of the other sensory areas of the oprl^X reseffi^J^ 
^at of the visjial area. These other sensory areee are ^ foUpi^ii; the , 

Sensoty area occupies the middle tji^d pi aw 
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adjai^.^jni i& fli» Ifttisnil «4^briil fisBoisB ; the auditojisychlc ^area 
' is A hisaa Siattiuadiag'ths auditoseBsory aiea 'and has not been exactly detnied ; 
i .Ihaa^'fot 1^ sense qf taste is {nrobably in the uncus and hippocampal Kyras ; 

. itor the sense qf smeS is the rhinenceidbialon ; the uea tor heat, com, and 
fKi^ is scnnevhnt diffuse, but the areas for the taetik and mnaeular senses are 
, lomted ihainly in the posterior central gyrus (fig. 794). 

Tim asaociational areas are three in number; (1) the prefrontal, (2) an 
' a;fea.'a|osupyiiig the pmtecior portions of the temporal and parietal lobes, and 
ittSula. The j^refrontal assdciationid area is espeo^y characteristic 
w the human brain, and it may be taken as the type. It is distinguished 
by ihe grbat development of the outer cell-lamina ; the cdls of this lamina are 
undiffe^tiated in the sixth month of fcetal life, and the lamina is only one- 
(ousth oi the adult dqpth ; it is the only layer which varies appreciably in 
^^h in' normal brains, and it is under-developed in idiots and imbeciles ; 
ii is the last tb be evolved and the* first to retrogress (Bolton). A special 


Flo. 796 . — A coronal section of the olfactory bulb. (Schwalbe.) 
WhiU substance (dorsal part) 

A eurogha 



White substance (ventral 
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Layer of olfactory nerve-fihres 


feature of the insula is the detachment' of the polymorphous layer which is 
known as the claustrum (p. 821) ; the capsula extrema is a greatly thickened 
inner line of BaUlarger. 

The minute structure of the hippocampus, the fascia dentata, and the 
‘ blfactc^ bulb calls for special description. 

In the bipi^aMpUS tiie white substance is represented by a layer termed 
the a3/Dtns wmbh lies next the ventricular ependyma. The grey substa^ 
consisto of ; (I) a layer of large pyramidal cells next the alveus ; (2) a layer 
;ocou|>ied by the apical dendrons of the pyramidal cells, and called the stratum 
mdikitwik.i ; (3) a molecular layer, the deejmr part of which, called the straMm 
fochtinst^ .eidiibits interlacing fibres and dendrites, and contains numerous 
Sngtuar -nei^ ; near the dentate gyms there is a layer of small 
. Mm; laciniosum, known as the stratum granuUmm. 

, tuppocampi (dentate gyms) the molecular layer 

while the layer of pyramidal cells is almost 
sn^ ovoid cells. * _ ... 

a-'.) maily animalB the olfactory bulb contains a cavity 

tiacohgh the 'ififactoTy tract with the lateral vmixkiA, 
J$3i by neuro^ aAd its wnU becomes thickened,. 

sd ymittbl tW on its dorsal as]^. Its d^l pact 
white, substance, but this is seudy and 
part (fig. 7^) .shows it to eooa^ df 
: (t) .A layer d dfactesy 

,yC|i4v'' VV",-; So > ■. . » ■ 
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these fibres are the non*meduUated axons prolonged from the olfactory cells of 
the nasal cavity, and reach the bulb by passing through the lamina cribrosa 
of the ethmoidal bone. At first they cover the bulb, and then penetrate 
it to end by forming synapses with the dendrites of the mitral cdls, presently 
to be described. (2) Glomerular layer. — ^This contains numerous spheroidal 
bodies, termed^^-jilo^n^Zi, each of which is produced by the branching and 
interlacement of "t(ie terminations of one or more olfactory nerve«fibres with 
the descending dendrite of a mitral cell. (3) Molecular layer. — ^This is formed 
of a matrix of neuroglia, imbedded in which are the mitral cells. These cells 
are pyramidal in shape, and the basal part of each gives oS a thick dendrite 
which descends into one of the glomeruli, where it ends as indicated above, 
and others which interlace with similar dendrites of neighbouring mitral cells. 
The axons of the mitral cells pass into the next layer, and, bending backwards, 
are continued into the olfactory tract. (4) Nerve-fibre layer. — ^This lies next 
the central core of neuroglia, and its fibres consist of the axons of the mitral 
cells passing to the brain ; soma efferent fibres are, however, also present, 
and end in the molecular layer, but nothing is known as to their exact origin. 

Weight of the brain. — ^The average weight of the brain, in the Mult 
male, is about 1380 gms. ; that of the female, about 1250 gms. In the* male, 
the maximum weight out of 278 cases was 1840 gms. and the minimum weight 
964 gms. The maximum weight of the adult female brain, out of 191 cases, 
was 1685 gms. and the minimum weight 879 gms. The brain increases rapidly 
during the first four years of life, and roaches its maximum weight by about 
the twentieth year. As ago advances, the brain decreases slowly in weight ; 
in old age the decrease takes phice more rapidly, and may amount to about 
28 gms. 

The human brain is heavier than that of any of the lower animals, except 
the elephant and whale. The brain of the elephant weighs from 3600 to 4600' 
gms., and that of a whale, in a specimen 22*8 metros long, weighed rather 
more than 2250 gms. 

Applied Anatomy . — The interniil capsule is of great interest to the climciaii becaiise 
it is so often the seat of hflBmorrhage from the Icnticulostriate and lentie»do-optio arteries 
(Charcot’s ‘arteries of cerebral htemoirhage ’), or of thromboois, in patients whose vessels 
are weakened by old age or disease. A ‘ stroke/ or * apoplexy,* is the result; blood is 
effused from the ruptured vessel and tears up the fturroimding brain tissue, and also inter- 
feres with the neighbouring fibres by the compression set up by its mass. If the hsemor- 
rhage is sudden and at all large, rapid and complete loss of consciousness follows, with 
paralysis of the opposite side of the body anci loss cf control over the sphincters. If it 
is the oc^pital part of the internal capsule that is involved, the paralysis will be more 
marked in the leg than in the arm, and will be associated with hemianoisthesia, and also 
with homonymous hemianopsia or blindness of the corresponding halves of the two retinae, 
the patient being unable to see objects on the opposite side of the body. If the hesmor- 
rhage is very extensive blood often makes its way into the ventricles, and death may 
follow in a few hours or days without recovery of consciousness, and with hyperpyrexia. 
If the haemorrhage is small, consciousness is soon regained, and a fair degree of recovery 
from the paralysis follows, particularly in the leg. If the haemorrhage takes place very 
slowly, the hemiplegia sets in gradually (ingravescent apoplexy), with headache and 
gradual clouding of the faculties. It is the upper motor neuron (see p. 836 ) tl^t is 
injured in cerebral haemorrhage; hence the muscles on the affected side of the body 
become spastic, witli increased reflexes, wliile such muscular atrophy as follows is mainly 
due to disuse. The cerebral arteries are liable to sudden obsWetion by embolism in 
persons with heart disease, and by thrombosis in those with diseased arteries. The effects 
of either embolism or thrombosis here are comparable with those of cerebral hsBmorrhage, 
though the resulting hemiplegia or paralysis is often more gradual in its onset, and less 
severe in its general results. 


Motor and Sensory Tracts 

< The anatomy of the various parts of the central nervous system* having 
been described, a short account will now be given of the chief motor and sensory 
nerve-tracts connecting the brain and the modnlla spinalis: The methods 
employed in elucidating this complex subject have already been referred to 
(p,764). 
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Motor Tbac5t (fig. 797) 

The constituent fibres of this tract are the axis-cylinder processes of cells, 
situated in the motor area of the cortex. The fibres converge as they descend 
through the corona radiata, and pass between the lentiform nucleus and 


Fig. 797. — The motor tract. (Modified from Poirier.) 



thalamus, in the genu and anterior two-thirds of the occi])ital part of the 
internal capsule ; those in the genu are named the geniculate fibres, while 
the remainder constitute the cerebrospinal fibres ; proceeding downwards, 
they enter the middle three-fifths of the base of the cerebral peduncle. The 
geniculate fibres cross the middle line, and end by arborising around the cells of 
the motor nuclei of the cerebral nerves. The cerebrospinal fibres are continued 



836 NEUROLOGY 

downwards into the pyramids of the medulla oblongata, and the transit of 
the fibres from the m^uUa oblongata is effected by two paths. The fibrea 
nearest to the anterior median fissure cross the middle line, forming the decm^a- 
tion of the 'pyramids, and descend in the opposite lateral funiculus cu the medulla 
spinalis, as the lateral cerebrospinal fasciculus (crossed pyramidal tract). 
Throughout th^^^gth of the m^uUa spinalis fibres from this column p^ 
into the grey sub^nce, to terminate by ramifying around cells of the postmor 
column, the* axons of which in turn make contact with the motor cells of the 
anterior column. The more laterally placed cerebrospinal fibres do not decus- 
sate in the medulla oblongata, but descend as the anterior cerebrospinal 
fasciculus (direct pyramidal tract) ; these fibres, however, end in the grey 
column of the opposite side of the medulla spinalis after crossing in the anterior 
white commissure. There is considerable variation in the extent to which 
decussation takes place in the medulla oblongata ; about two-thirds or three- 
fourths of the fibres usually decussate in the medulla oblongata and the remainder 
in the medulla spinalis. 

The axons of the motor cells in the anterior column pass out as the fibres of 
the anterior root.s of the spinal nerves, along which the impulses are conducted 
to the muscles of the trunk and limbs. 

From this it will bo seen that, generally speaking, the fibres of the motor 
trict pass to the nuclei of the motor nerves on the opposite side of the brain 
or medulla spinalis, a fact which explains why a lesion involving the motor 
area of one side causes paralysis of the muscles of tiiC opposite side of the 
body. As already stated (p. 755) there is experimental and clinical evidence 
to show that a few of the cerebrospinal fibres do not decussate (uncrossed fibres). 
There is a break in the continuity of the motor chain : in the case of the cerebral 
nerves this break occirvS in the nuclei of these nerves ; and in the case of the 
spinal nerves, in the anterior grey column of the medulla spinalis. For clinical 
purposes it is convenient to emphasise this break and divide the motor tract 
into two portions : (1) a series of upper rmior neurons which comprises the 
motor colls in the cortex and their descending fibres down to the nuclei of the 
motor nerves ; (2) a series of Imoer nutlor neurons which includes the cells 
of the nuclei of the motor cerebral nerves and the cells of the anterior columns 
of the medulla spinalis and their axis-cylinder processes to the periphery.* 


Sensory (fig. 798) • 

Sensory impulses are conveyed to the medulla spinalis through the posterior 
roots of the spinal nerves. On entering the medulla spinalis these root-fibres 
divide into descending and ascending branches ; the descending branches 
soon enter and ramify in the grey substance : some of the ascending branches 
also enter and ramify in the grey substance, but others are continued directly 
into the posterior funiculi, where they form the fasciculus gracilis and fasciculus 
cuneatus. Fibres arise from the cells of the dorsal nucleus (Clarke’s column),, 
cross the middle line, and ascend in the superficial anterolateral fasciculus. 
The fibres of the fasciculus gracilis and fasciculus cuneatus end by arborising 
around the cells of the nucleus gracilis and nucleus cuneatus in the medulla 
oblongata, and from these cells the fibres of the medial lemniscus take origin 
and cfoss to the opposite side in the sensory decussation. The medial lenmilscua 
is then joined by the superficial anterolateral fasciculus, the fibres of which 
have already crossed in the medulla spinalis, and in. its further, course, the 
medial lemniscus receives fibres from the terminal nuclei of the cerebral sensiMry 
nerves of the opposite aide, with the exception of the terminal nuclei erf- the 
c^hleor nerve. Ascending through the cerebral pedimcle, the medial lemniscfifr 
gives off a few fibres to the lentiform nucleus and insula, but the greater, 
of it is carried into the thalamus, where its fibres end. From, the cdb of the 
thalamus the fibres of the third link in the chain arise and pass to the central 
cortex. The fibres from the terminal nuclei of the cochlear nerve.pass Upwards 

* As already mentioned (footnote, p. 755), a neuron in posterior oolntui of the msdntta 
spinalis is probably interposed between eaeh upper and lower motor neficoB.| 
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later^ lemmsoua are carried through the occipital part of the internal 
temTOtal lobe. Further, the 8uper|ieial anterolateral faaoioulus 
mvee ^fibres wlucTi reach the cerebeUum through the brachium coniunctivum. 
It Will be evident, therefore, that in most oases there are three cell-stations 


Flo. 798.-— Th© sensory tract. (Modified frorn Poirier,) 



&terp^ed in the course of the sensory impulses. For clinical purposes, there- 
to, thr^ neurons are de80|ribed ; (1) the hweat sensory neurons which com- 
prise the oew' of the posterior root ganglia and their peripheral and central 
prc^sses ; (2) the iisiermediate sensory neurons which are the cells of the nucleus 
graedis am nucleus oun^tus and their processes ; (3) the highest sensory 
^issswrons are the ccdjs of the thalami and the fibres passing from these 
to the earebm wet/Ok. ’ . 
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Applied Anatomy, — The chi^f symptoms of diseases of the brain and medulla spinalis 
depend upon the particular systems of neurons picked out for attack, and some of them 
may be briefly summarised as follows. Motor paralysis of the spastic type, with rigidity 
of the muscles and increased reflexes, follows destruction of the upper motor neurons f 
flaccid paralysis, with loss of the reflexes and rapid muscular atrophy, follows destruction 
of the lower motor neurons. Sensory paralysis follows injury to any part of the sensory 
path; in tabes it is due to injury of the lowest sensory neurons, in hemiplegia to destruc- 
tion of the Ipiiiiest sensory axon as it traverses the occipital part of the internal capsule. 
Dissociation of ^nensationst or the loss of some forms of sensation while others remain 
unimpaired, is seen in a number of conditions such as tabes or syringomyelia; it shows 
that the paths through which various forms of sensation travel to the brain are different. 
Abnormalities of reflex actions arc of very great help in the diagnosis of nervous com- 
plaints. The numerous superficial or skin reflexes (e.g. the scapular, irritation of the 
skin over the scapula produces contraction of the scapular muscles; the abdominal, 
stroking the abdomen causes its retraction; the cremasteric, stroking the inner side of 
the thigh causes retraction of the testis on that side ; the plantar, tickling the sole of the 
foot brings on plantar flexion of the toes), if present, show that the reflex arcs on whoso 
integrity tlieir existence depends are intact; but they often are absent in health and so- 
cannot be trusted to indicate disease. The deep reflexes or tendon reactions ^ such as 
the knee-jerk, or the tendo calcaneus jerk, arc increased in chronic degeneration of, 
or gradually ii^ereasing pressure on, the cerebrospinal fibres (upper motor neuron), in 
nervous or hysterical patients, and when the irritability of the cells of the anterior column 
(lower motor neuron) is increased, as happens in tetanus or in poisoning by strychnine. 
Thfiy are lost when the lower motbr or lower sensory neurons are diseased, and in a few 
other conditions ; absence of the knee-jerk is very rare m health, and suggests disease in 
some part of its reflex are, in the third and fourth lumbar segments of tho'cord, or else, 
more rarely, grave intracranial or spinal disease cuttin*'' oft the lower from the higher 
nervous centres. The organic reflexes of the pupil, b’-'ddor, and rectum are of the 
greatest practical importance. The commonest defect in the ^'flexes of the pupil is reflex 
iridoplegia, or failure*, to contract on exposure to light, witlioiit failure to contract on con- 
vergence or accommodation Argyll Bobertson * pupil). The pupil is also contracted 
(miosis), and may or may not dilate when the skin of the neck is pinched (the ciliospinal 
reflex). Micturition is a spinal reflex much under the control of the brain; if the centre 
for micturition in the second sacral segment is destroyed the sphincter and the walls of 
the bladder arc paralysed, the bladder becomes distei.ded with urine, and incontinence 
from overflow results. If th’s centre escapes injury but is cut off more or less completely 
from impulses descending to it from above, tlj(*TO will be more or less inforfcrence with 
micturition. This varies in de ,ree from i,he ‘ precipitate micturition ’ oi tabetic patients, 
who must perforce hurry to pass water the moment the impulse sei7'^B thorn, to ihe state 
of ‘ reflex incontinence,’ when the bladder auturnatically empties itself from time to time, 
almost without the patient’s knowledge. Defaecation is a very similar spinal reflex, and 
is liable to very similar disorders of function. 

The upper motor neuron (p. 836) is atfecvod in hemiplegia, the loiver motor neuron 
(p. 836) in infantile spinal paralysis; ooth these systems of neurons are diseased together 
in the somewhat rare disorders known as amyotrophic lateral sclerosis and progressive 
muscular atrophy. The cliiei symptom here is wasting and weakness in certain groups 
of muscles; the palsy will bo flaccid, with loss oi the reflexes, or spastic, with increased 
r^.’loxfs, according as the degeneiation mainly involves the lower or the upper motor 
neuron. The sphincters are affected only iu the later stages of these diseases. 

Batbological changes in the lowest sensory neuron are the cause of tabes dorsalis or 
locomotor ataxy, which occurs almost entirely in adults who have had syphilis. In the 
early or pre-ataxic stage the patient may exhibit the Argyll Bobertson pupil (see above), 
and loss of kne^-jerks, and complain of sharp, stabbing pains (* lightning pains ’) in the 
limbs, difficult or precipitate micturition,, and sometimes of severe and painful attacks 
of indigestion (gastric crises). In the second or ataxic stage, coming on perhaps years 
later, he mil complain, in aildition, of interference with his powers of getting about and 
turning, although nis muscular strength is well preserved. He is unable to stand steady 
w ith his eyes shut or iu the dark, his gait becomes exaggerated and stamping in character, 
he has to use a stout stick to walk' with, and he may suffer from painful crises in various 
parts of the body. Control over^the sphincters is further w^eakened, and on examination 
there will be found marked incoordination of the limbs, zones of ansesthesia about the 
trunk or down the limbs, and marked analgesia (or insensitiveness to pain) when pressure 
is applied to the bones, tendons, trachea, tongue, eyeballs, mammee, and testes.* The 
ataxy progrcf^sed till the third or bedridden stage is reached ; control over the sphincters 
is still furiKer lost, and the patient is likely to die of intercurrent disease or ot general, 
paralysis of the insane. 

No nervous disease is recognised as dependent upon degeneration of either the mfsr* 
mediate or highest sensory neuron, 

* J. Graaset, Le Tabes, Maladie de la SmsibiHU profonde ; Montpelier, 1909. 
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MENINGES OP THE BRAIN AND MEDULLA SPINALIS 

spinalis are enveloped by three membranes 
from without inwards : the dura mater, the arachnoid, and the pk 

/f ^ The Dtiiu Mater 

nt i***^*^u **1. dense inelastic membrane. The portion 

eneW the brmn (cerebral dura mater) differs in several particulars 
from that which surrounds the medulla spinalis (spinal dura mater), and 


Fio. 790.— The dura mater and its processes exposed by removing a part of 
the right half of the skull, and the brain. 



AMncfnt nerve Trif/ewinnl nerve 


therrfore ii. is .necessary to describe them separately ; the two parts, however, 
form opa eompfefe membrane, and are continuous with one another at the 
fprammi jn«gnum; 

^e elrebral dura mater lines the interior of the skull, and serves the 
twO|^^purp<^ an inttt^ periosteum to the bones, and a protective 
menBtKato for tite biam. It is composed of two layers, an inner or meninaeal 
ana, SQ dutw or e^osteat ; these axe olosdy united, except along certain liwAn 
wh^ blood sinuses which drain the blood from 

tne mam (p. o80). ^e dura mater adheres to the inner surfaces of the crmiial 
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boned, and senda blc^rvessela and fibrous proeesses into th^. l^ese blood- 
vessels and fibrous processes are tom across when the dura niater is detached) 
and the outef surface of the latter presents a rough and fibrillated appearance^ 
The inner surface, on the other hand, is smooth and lined by a layer of endo- 
thelium. the adhesion of the dura mater is most marked at the sut^ures,^ at the 
base of the skull and. around the foramen magnum. It is continuous 1to)U{|^ 
the suture^^tn the pericranium, and through the superior orbital fie^ure/With 
the periosteal hning of the orbital cavity. It sends tubular sheaths on the 
cerebral nerves as the latter pass through the foramina at the base of the 
skull ; outside the skull these sheaths fuse with the epineurium of the nerires ; 
the sheath surrounding the optic nerve blends anteriorly with the sclera of the 
bulb of the eyo. 


Fig. 800. — The tentorium cerebelli. Seen from above. 

Optic nerve Internal carofuf artery 



Bnd of ^npcriat initial sinus 


The dura mater sends inwards four ^ocesses which divide the cavity of 
the skuU into a series of freely communicating spaces for the lodgment^.isnd 
protection of the brain. These processes consist of reduplication^ 
inner or meningeal layer oi the membrane and are named the falx ci^bii, 
tentorium cerebelli, the falx cOrebelli, and the dia|ihragma sellm.- . ' . 

T%e /alx cerebri (fig. 799), so named from its .sickle-like form, is a efai toii^ 
arched pirocess of dura mater which descends^ vcrtiot^y in the 
fissure between the cerebral hemispheres. It is narrow in ^ 

fixed to the crista galli<af the ethi^idal ixme; aod'bn>ad 
is attached to the middle line <4 ^ iropeir suvhwo d thetenterioiiii' 
the narrow, ant^oxi part' is tfaia, and l^^n^sently perf(^t^ hty! 
apertures, Its. upper margin b; con'raxitlesd'a^liadhsd jia.m 
cl the skull on either nde of ^dnnd^ Ih^,«e'£[b']baek-M 
protuberance ; the superior 
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mad^ppB is free and' ccmcave, and contains th^ inferior sagittal sinusL The 
strai^bt sinua xws along its attachment to lihe tent^um oerebelli. 

The tenUmfum cerebtUi (fig, 800) is an arched lamina of dura mater which 
covers the superior surface of the cerebelhim, and supports the occipital lobes 
of tlM brain. Its concave, anterior border is free, and bounds a large oval 
openmigt incisum which is occupied by the mesencephalon. Its 

oonveir^ posterior border is attached behind to the lips of the transverse sulci 
jon the inui^. surface of the occipital bone, and there encloses the transverse 
sinuses ;• in front, to the superior angle o| the petrous part of the temporal 
bone on eitber side, enclosing, the superior petrosal sinuses. At the apex 
?of the petrous part of the temporal bone the free and attached borders cross 
pne another, and are continued forwards to bo fixed to the anterior and posterior 
^linoid^ processes respectively. As already stated, the posterior border of the 
fab: cerebri is attached to the median line of the upper surface of the tentorium 
oerebelli, and the straight sinus lies in this line of attachment. 

The/ate cerebeUi is a small, medially placed triangular process of dura mater 
which is situated below^the tentorium cerebelli, and projects forwards into 
the posterior cerebellar notch. Its base, directed Upwards, is attached to 
the posterior part of the tentorium ; its posterior margin contains the occipital 
sinus, and is attached to the internal occipital crest ; . its apex frequently 
divides into two small folds, which are lost on the sides of the foramen 
mamum. 

Thte diaphragma selloe is a small circular horizontal fold of dura mater, - 
which roofs the sella' turcica and almost completely covers the hypophysis ; 
f small opening in its centre transmits the infundibulum. 

Structure. — ^The cranial dura rnater consists of white fibrous tissue and elastic fibres 
arranged in flattened laminas which are imperfectly separated by lacunar spaces and 
blood-vessels into the endosteal and meningeal layers, already referred to. The endosteal 
layer is the internal periosteum for the cranial bones, and contains the bloodvessels for 
their supply. At the margin of the foramen inagaum it is coni inuous with the periosteum 
lining the vertebral canal. The meningeal layer is lined mi its inner surface by a layer 
of nucleated endothelitim. 

The arteries of the dura mater are very numerous. Those in the anterior fossa are the 
anterior meningeal branches of the anterior and posterior ethmoidal and internal carotid 
arteries; and a branch from the middle meningeal artery. Those in the middle fossa*are 
the middle and accessory meningeal branches of the internal maxillary artery; a branch 
from the ascending pharyngeal artery, which enters the ahull through the foramen 
lacerum; branches from the internal carotid artery, and a recurrent branch from the 
lacrimal artery. Those in the posterior, fossa are meningeal branches from the occipital 
artery, one entering the skull through the jugular foramen, and another through the 
mastoid foramen; tne posterior meningeal from the vertebral artery; occasional menin- 
geed branches from the aspending pharyngeal artery, entering the skull through the 
jugular foramen and hypoglossal canm; and a branch from the middle meningeal artery. 

The veins returning the hk)od from the cranial dura mater anastomose with the diploic 
veins and end in the cranial bloc^-sinuses. Many of the meningeal veins do not open 
directly into the sinuses, but indirectly through a series of ampullae, termed vetwus 
lacufKS, These lacunae are found on either side of the superior sagittal sinus, especially 
near its middle portion, and are often thvaginated Iw arachnoidcal granulations; they 
also existmear the transverse and straigh{%uBes. They communicate with the under- 
lyiM cerebral veins, and also with the diploic and emissary veins. 

The^nsruss of the cerebral dura; mater are filaments from the semilunar ganglion of the 
trigeminal nerve, from^^the ophthalmic, maxillary, mandibular, vagus, and hypoglossal 
nervefts and from the sympathetic^. 


The spinal dura tnater (figs. SOI, 804) forms a loose sheath around the 
^^inalis, and only the inner or meningeal layer of the 

ciqpndliM the ou1;er or exidosteal layer ceases at the foramen mag^iim^ 

|t;l<^|i|aee^b^ takmi by tb4 periosteum lining the vertebral canal. The 
ipatet iK separated li^ the wall of the vertebral oaned by a space, 
im epiimd^ipace^ wlmh contains a quantity of loose areolar tissue and a 
vm^ thO' situation of these veixm between the dura mater and 
correspemds t^^^ to^ that of the cranial 
. ^ md encwteal btvers of the cerebral dura mater. 

Certtical vertebrss ; it is also connected by fi>rDtis 
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slips to the posterior longitudinal ligament of the vertebras, especially near 
the lower end of the vertebral canal. The subdural cavity ends %t the lower 

border* of the s^ond sacral vertebra; below 
Fig. 801. — The medulla spinalis this level the dura mater closely invests the 
and its membranes. filum terminale and descends to the baick of the 

coccyx^ 'where it blends with the periosteum- 
The dura mater is continued in the form of 
tubular prolongations on the roots of the spinal 
nerves and on to the complete spinal nerves as 
they pass through the intervertebral foramina. 
These prolongations are short in the upper 
part of the vertebral column, but graduwy 
become longer below. • 

^ ' Stractttre. — The spinal dura znator resembles in 
structure the meningeal layer of the cranial dura 
mater ; it consists of white fibrous and elastic tissue 
arranged in bands or lameUes which, for the most part, 
are parallel with one another and have a longitudinal 
arrangement. Its internal surface is smooth and 
covered by a layer of endothelium. It is sparingly 
supplied with blood-vessels and nerves. 


Thl Abaohnoio 

The arachnoid is a delicate membrane 
»mveloping the brain and medulla spinalis and 
lying between the pia mater intonially and the 
dura mater externally. It is sc])ai‘ated from the 
dura mater by the subdural space, but here and 
there this space is traversed by isolated connective tissue traboculse, which are 
most numerous on the posterior surface of the medulla spinalis. It is separated 
from the pia mater by the subarnchvoid cavity which is filled wi^h cerebrospinal 
fluid. 

The arachnoid surrounds ^he cerebral and spinal nerves, and encloses them 
in loose sheaths as far as their points of exit fiom the skull and vertebral canal. 

The cerebral part of the arachnoid invests Ihe brain loosely, and does not 
dip into the sulci between tlie cyri, noi’ into the fissures, with the exception 
of the longitudinal. Cii the upi)er surface of the brain it is tliin and trans- 
parent ; at the base it is ^ bicker, and slightly opaque towards the central part, 
where it extends between the two temporal lobes in front of the pons, so as 
to leave a considerable intorv?*! between it and the pia mater. 

The spinal pari of the arachnoid (figs. 801, 804) is a thin, delicate, tubular 
membrane loosely investing the medulla spinalis. Above, it is continuous 
with the cerebral arachnoid ; below, it widens out and invests the cauda 
equina and the nerves proceeding from it. 

, X ^Structure — The arachnoid consists of bundles of white fibrous and elastic tissue 
intimately blended together. Its outer surface is covered with a layer of endothelium. 
Vessels of considerable size, but few in number, and, according to Bochdalek, a rich plexus 
of nerves derived from the motor root of the trigeminal, the facial, and the accessory 
nerves, are found in the cerebral pai*t of the arachnoid.- 

The subarachnoid cavity is the interval between the arachnoid and pia 
matei*. . It contains the cerebrospinal fluid and the larger blood-vessels of 
the brain, and is traversed by a spongy tissue, consisting of delicate trabeeules 
of connective tissue, which connect the arachnoid to the pia mater. This 
cavity is small on the surface of the hemispheres of the brain ; on the summits 
of the gyri the pia mvMt and the arachnoid are in close contact ; but where 
the arachnoid bridges the suloi triangular sps^ are left, in which the sub*- 
arachnoid trabecular tissue is found. At certain parts of the base of the brain,' 
the arachnoid is separated from the pia mater by wide mtervaisp whkih com- 
municate freely with each other and are namra auixwachnoid ckUriuBi In 
these the subarachnoid tissue is less abundant. 
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Subarachnoid cisternac (fig* 802). — ^Tho ci^rna cereMlq^^ 
(ciateraa magna) ia triangular on sagittal section, and is formed by the ar^hnoid 
bridging the wide interval between the m^ulla oblongata and the under 
surfaces^ of the hemispheres of the cerebellum ; it ia continuous with the sub- 
araohnoid cavity of the medulla spinalis at the level of the foramen magnum. 
The a considerable space on the ventral aspect of the pons. 

It contains the basilar artery, and is continuous behind with the subarachnoid 
cavity fii the medulla spinalis, and with the cistema cerebellomedullaris, 
and in front of the pons with the cistema interpeduncularis. The cfs tem a 
(cisterna basalia) is a wide cavity where the arachnoid ^rendk 
across between the two temporal lobes. ^-It encloses the cerebral peduncles 
and the structures in the interpeduncular fossa, and contains the arterial circle 
H>i Willis. Anteriorly, the cistema interpeduncularis is continuous with the 
cistema cbiaspiatis which lies in front of the optic chiasma and is prolonged on to 

Fig. 802. — A diagram showing the positions of the three principal subarachnoid 

cistemte. 



the upper surface of the corpus callosum ; here the arachnoid stretches from 
one cerebral hemisphero to the other immediately beneath the free border 
of the falx cerebri, and thus leaves a space in which the anterior cerebral arteries 
are contained. Th^cisterna JfosscR cerebri lateralis contains the middle cerebral 
artery, and is formed in front of either temporal lobe by the arachnoid bridging 
the lateral cerebral fissure. The cisterna vencs magnoe cerebri occupies the 
interval between the splenium of the corpus callosum and the superior surface 
of the corebellum ; it extends between the layers of the tela chorioidea of ' 
the third ventricle and contains the great cerebral vein. 

The subarachnoid cavity oommunicat/cs with the general ventricular cavity 
of the brain by three openings : one, the fym rmn of M(fj ev4i^ is in the middle 
line at the inferior part of the roof of thetoiffijh venmcIeTthe other tF® are 
at the extremities of the lateral recesses of that ventricle, behind the upper 
roots of the glossopharyngeal nerves. It is stated by Meckel that the lateral 
ventricles also communicate with the subarachnoid cavity at the apices of 
their inferior cornua. There is no direct communication between the subdural 
and subarachnoid cavities. 

The spinal part of the subarachnpid cavity is a wide interval, and is largest 
at the lower pa*rt^ of the vertebral canal, where the arachnoid encloses the 
nerves whio^ form' the oauda equina. Above, it is continuous with the cranial 
subarachnoid cavity ; below, it at the level of the lower border of the 
second sacral vertebra. It is ]^iartia|ly divided hy a longitudinal septnmr 
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the subarachnoid septum, which connects the arachnoid with the pia lifter, 
opposite the posterior median sulcus of the medulla spinalis, ana forms a* 
partition, incomplete and cribriform above, but more complete in tho thoraoic 
region. The spinal subarachnoid cavity is further subdivide by the ligafMntmt 
denticulaJtum^ which will be described with the pia mater* 

The cerebrospinal fluid is a clear, slightly alkaline fluid, with a specific gravity of 
about 1007. It contains in solution inorganic salts similar to those in the blood''pla8ina, 
and also traces of protein and glucose. It supports and protects the ddioate struetoes of . 
the brain and medulla spinalis, maintains a uniform pressure on them, and probdMy acts 
as their nutritive fluid. 

It is produced by tli(3 iKition of the secreting cells which cover the chorioid plexuses of 
the brain, and is normally present at a certsdn pressure which is not dependent on the 
arterial or venous blood-pressure. Its secretion may be increased (a) by an excess of, 
barbonic acid, (b) by volatile an£sthe%8, or (c) by an extract of the chorioid plexuses or 
of the brain. Dyes added to the fluid wavel along the courses of certain cerebral nerves 
(especially the olfactory nerves) but not along the spinal nerves. 

When readily diffusible substances are introduced into the subcerebollar part of the 
subarachnoid cavity they produce typical physiological actions almost as rapidly as when 
injected into the venous circulation. The diffusion of such substances is, on the conti^ary, 
extremely slow in the lower spinal region.* 

Applied Anatomy . — In vario\i8 diseases, such as syphilis, meningitis, and infantile 
paralysis, changes take place in the chemical nature the substances dissolved in the 
cerebrospiiiul fluid, or in the various cells found suspended in it; and these alterations are 
often of service in diagnosis. 

Evidence of great value in the diagnosis of men agitis may sometimes be obtained 
by puncturing the spinal membranes and withdrawing some of the cerebrospinal fluid; 
moreover, the operation of lumbar puncture is in many cases curative, under the sup*^ 
position that the draining of some of the cerebrospinal fluid relieves the patient by 
diminishing the intracranial pressure. The operation is performed by inserting a trocar, 
of the smallest size, between the laminaB of the third and fourth, or of the fourth and 
fifth lumbar vertebre, through the ligamentum flavum. The medulla spinalis, even of 
a child at birth, does ru t roach below the third lumbar vertebra, and therefore the canal 
may bo punctured botweeu the third and fourth lumbar vertebraj without any risk of 
injuring this structure, point ,f puncture is indicated by laying tha patient on the 
side and dropping a peri)oudicuhir line from the highest point of the iliac crest; this will 
cross the upper border of Vie spinous process of the fouith 1 unbar vertebra, and will 
indicate the level at which the trocar shouid be inserted a little to oro silt of the middle 
line. The puncture may require to be repeated more tljau once, and the greatest pre- 
caution must be taken not allow septic infection of the meninges. If there be any 
appreciable increase of prossuit , the fluid will flow through the trocar with the greatest 
freedom. 

In addition to the constitutional signs and symptoms of fever, acute spinal meningitis 
exhibits certain char'^ctoristic features. Pain and tenderness to pressure along the 
vertebral column are comm )n, and so are pains in the limbs or round the trunk from 
irritation of the posterior nerve-roots by the inflammatory products. Irritation of the 
anterior nerve-roots is shown by the increased tone of the muscles, which may go on to 
the point where they pass into a state of spasm with much -increased reflexes; this is 
often seen in the retraction of the head and neck. Later in the disease the reflexes are 
often lost, when, also, the urine and fwces may be passed involuntarily. 

Spinal anaesthesia can be induced by injecting certain substances, especially stovaine, 
into the cerebrospinal fluid. It is done by means of a syringe attached to a lumbar 
puncture needle, and is especially valuable, when frorn any cause the administration of a 
general ancesthetic is inadvisable; but any operation below tlie level of the umbilicus 
(loth thoracic nerve) can be performed painlessly by this method. 

The arachnoideal granulations (glandulss Pacchionii) (fig. 8Q3 > 0 x 0 small 
fteshy-looking elevations, usually collected into clusters of variable size, which 
are present upon the outer suriace of the dura mater, in the vicinity of the 
superior sagittal sinus, and in some other situations. Upon laying open the 
sagittal sinuB and the venous lacun» on either side of it, granuiatioim will be 
found protruding into their interior* They are very rarely developed until 
the third year ; 'they are usually found after the seventh year; and ftom 
this period they increase in number aud size as age advances. They et|Iaif;ed 
normal villi of the arachnoid, whieh as they grow push the t hinne d du^ pator 
before them« and cause absorption of the bone from pressuri^, so prince 
the pits or depressions on the inner wall of the calvarium. ^ 

w articles by Wxon Rdfitartou, Joumd of l^ysiofogp, vok x., 
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^ araoh^oideal granufation donaiatis of the following parts ; jl^ In 

;1^e interidr is a <jore of pbaiaohnoid tissue, continuous with the meshw^lc of 
the general subarachnoid tissue through a narrow pedicle, by which the granulation 
u attached to the araehnoid. 2, Around this tissue is the arachnoid membrane, 
3. Outside this is the thinned wall of the lacuna, which is separated from the arachnoid 
by the subdural cavity. 4. If the granulation projects into the sagittal sinus, it 


Fm. 803. — A diagrammatic representation of a section across the top of the skull, 
" showing the membranes of the brain, &c. (Modified from Testut.) 

Emisaary vein 



is covered by the greatly thinned wall of the sinus. Fluul injected into the sub- 
arachnoid cavity will find its way into these granulations, and it lias l>cen found 
experimentally that fluid passes by osmosis from the granulations into the venous 
sinuses into which they project. 


The Pia Matee 

The pia mater closely invests the brain and medulla sinnalis ; it is a vascular 
membrane, consisting of a minute plexus of blood-vessels, held together by an 
extremely fine areolar tissue. The cerebral 'pia rmter invests the entire surface 
of the brain, dips between the cerebral gyri and cerebellar laminte, and is 
invaginated to form the tela chorioide^ of the third ventricle, and the chorioid 
plexusesf of the lateral and thu’d ventricles (pp. 826, 827) ; as it passes over 
the root'of the fourth ventricle, it forms the tela ohorioidea and the chorioid 
plexuses of this ventricle (p. 786). Upon the surfaces of the hemispheres, 
wh^ it covers the grey substance, it gives off from its deep surface a multitude 
of shea)iihs around the minute vessels that extend perpendicularly for some 
distance iiito the cerebral substance. On the cerebeHuin the membrane is 
m<we;deUeate ; ' tbe vessels from its deep surface are shorter, and its relations 
to thh cortex are not so intimate. 

. The spinal pia mater i(flgs. 801, 804) is thicker, firmer, and less vascular 
than the oerebral pia mater ; this is due to the fact tiiat it consists of t^o 
laye^, the outer or additiemidi one being composed of bundles of connective 
tissue fibres, arrtoged for the most part lonmtudinally. Between the layers 
are j(delt-like spaces whi^ comtnunicAte with the suWachnoid cavity jmd 
a number of bloed-^snessdb which Ve enclosed in perivascular lymphatic 
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The spinal pia mater covers the entire surface of the medulla spinalis, and is 
intimately adherent to it ; in front it sends a process backwards into the 
anterior fissure. A longitudinal fibrous band, Called the lined spkndenSy eittends 
along the middle line of the anterior surface, and a somewhat similar band, 
the ligamentum dmticxilatnm, is situated on either side. Below the conus 
medullaris the pia mater is continued as a long slender filament (flum terminale), 
which descends through the centre of the mass of nerves forming the Cauda 
equina. Tiib filum terminale blends with the dura mater at the level of the lower 
border of the siwjond sacral ver<;ebra, and extends downwards as far as the base 
of the coccyx, where it fuses with the periosteum ; it assists in maintaining 
the medulla spinalis in position during the movements of the trunk, and is, 
from this circumstance, called the central ligament of the medulla'spinalis. 


Fig. 804. — A diagrammatic transverse section of the medulla spinalis 
and its membranes. 



The pia mater forms sheaths tc" the cerebral and spinal neives; these 
sheaths are closely connoclrd with the nerves^ and blend v 'th their common 
membranous investments. 

The lig:ameatum denticulatum (fig. 801) is a narrow fibrous band situated 
on either side of the medulla spinalis throughout its entire length, and separating 
the anterior from the posterior T»ervft-roots. Its medial border is continuous 
with the pia mater at the side of the medulla spinalis. Its lateral border 
presents a series of triangular tootn-like processes, the points of which are 
fixed at intervals to thp dura ifiater. These processes are twenty-one in 
number, on either side. The first process crosses behind the vertebral artery 
at the point where that vessel pierccjs the dura mater, and is separated by 
the artery from the first cervical nerve ; it is attached to the dura mater 
immediately above the margin of the foramen magnum. 1*26 cm. behind the 
hypoglossal nerve. The last process is between the exits of the twelfth thoracic 
and first lumbar nerves, and consists of a narrow oblique band running 
downwards and lateralwards from the conus medullaris (Parsons *). 


CEREBRAL NERVES 

There are twelve pairs of cerebral nerves, which are named from before 
backwards as follows : 

1st, Olfactory, 5th. Trigeminal* 9«i. Glossopharyngeal, 

2nd, Optic. 6th, Abducent. 10th. Vagus. 

3rd. Oculomotor. , 7th. Facial, 11th. Accessory. 

4th. Trochlear (Pathetic), 8th, Acoustic, 12th, Hypoglossal 

These nerves are attached to the brain, and ate transmitted through openings 
in the base of the cranium. The fibres of the nerves can be traced into the 

* Proctidings o/ffce Anatomical Society efOreai Britain and Irdandi 1915, 
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Fig. 805. — The nerves of the septum of 
the nose. Bight side. 


-imbstanoe of the brain to sproial nuclei of grey substance. The motor 
w^rept cerobr^ nerves arise within the brain &om groins of nerve-cells which 
constitute their nwlei of origin. The sensory or afferent cerebral nerves 
arise from nerye-cells outside the 
brain ; these nerve-cells may be 
grouped to form ganglia on the 
trunks of the nerves, or may be 
fdtuated in peripheral sensory organs 
such as the nose and eye. The 
oehtrally directed processes of the 
oells run into the brain, and there 
end by arborising around nerve-cells, 
which are grouped to form nuclei of 
ierminai^ion. The nuclei of origin of 
the motor nerves and the nuclei 
of termination of the sensory nerves 
are brought •into relationship with 
the cerebral cortex, the former 
through the geniculate fibres of the 
internal capsule, the latter through 
the lemniscus. The geniculate fibres 
of the internal capsule arise from 
the cells of the motor area of the 
cortex ; they cross the middle line, 
and end by arborising around the 

oells of the nuclei of origin of the motor cerebral nerves. On the other hand, 
fibres arise from the cells of Jihe nuclei of termination of the sensory nerves, 
and, after crossing to the opposite side, join the lemniscus, and thus connect 
the nuclei of termination, directly or indirectly, with the cerebral cortex. 



Olfactory Nerves (fig. 805) 

The olfactory nerves, or nerves of smell, are distributed to the mucous 
membrane of the olfactory region of the nasal cavity ; this region comprises 

Fig. 806 . — \ plan of the olfactory neurons. 



the superior nasal conoto> and the oppdeed part of the nasal septum. The 
nerve-nbies originate from tice central deep processes of the olfactory cells 
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of the nasal muo,6ua:me}nbrane, and are colleoted into iwdli^%]upjh <»086 
another in various (^ections, and thus give rise to the apj^tibn^e oi . 

form network in the mucous membrane. They a<re then oollecled. into^bou^^ 
twenty branches, wUch pierce the lamina cri^rosa of the ethhioidai boi^ in a 
lateral and a medial group, and end in the glomeruli of the olfactory' t^ulb 
(fig. 806). Eaoh branch receives tubular sheaths from the dura mater ;and 
pia mater, the former being continued into the p^iosteum of the nose, Ae 
latter neurolemma of the nerve. 

The olfactory nerves are non-medullated, and consist of axiS'Cylindm 
surrounded by nucleated sheaths, in which, however, there are fewer nticlei 
than, in the sheaths of ordinary non>medullated nerve-fibres. 

The olfactory centre in the cortex is generally associated with the 
rhinencephalon (p. 812). 

Applied Anatomy . — In severe injuries to the head involving the anterior fossa of the 
base of the skulJ, the olfactory bulb may become separated from the olfactory nerves or 
the nerves may be torn, thus producing loss of smell (anosmia) ^ and with this there is a 
considerable loss in the sense of taste, since much of the perfection of t^c 'Sense of taste is 
due to the substances being also odorous, and simultaneously exciting the sense of smell. 

Anosmia often occurs after influenza or other acute infection of the nose* Parosmia, 
or a perversion of the sense of smell, may occur in lesions of the cortical olfactory centres, 
or in insanity. 

Orac Nerve (fig. 807) 

The optic nerve or nerve of sight is distributed exclusively to the bulb 
of the eye. Most of its fibres are afferent and or’^dhate in the nerve-cells of 
the ganglionic layer of the retina (p. 962), but a few arc efferent and spring 
from nerve-cells in the lower visual centres of the brain (p. 797). 

The fibres of the optic nerve form the innermost layer (stratum opticum) 
of the retina ; th.y converge to the optic disc, and then pierce the chorioid 

coat and the lamina , oribrosa at the 
807 . — The left opfci<j nerve, the posterior part of Ihe bulb ox the eye, about 
optic chiasma,and the onMc tracts. 3 or 4 mm. to the nasal side of its centre.* 

As the nerve-fibres traverse^ the lamina* 
cribrosa they receive their medullary 
sheaths and run in bundles which are 
collected to form the optic nerve. 

The optic, nerve is directed backwards 
and medialwards through the posterior 
part of the orbital cavity. It then runs 
huroiigh the optic foramen into the cranial 
cavity and joins the optic chiasma. ‘ 

The part of the nerve contained in 
the orbital cavity is about 26 mm, long. 

It is surrounded by the rectus muscles, but 
is separated from them by a quantity of 
fat in which the ciliary vessels and nerves 
are lodged. The oiliary ganglion lies 
between the nerve and the Rectus lateralis 
muscle. The nerve is pierced below, at 
a distance of about 12 mm. behind the 
bulb of the eye, by the central artery and 
vein of the retina, which are then directed forwards in the centre of the nerve 
to the optic disc. Near ihe optic foramen the ophthalmic artery runs forward 
and medialwards across the nerve. In the optic foramen this artery lies 
beneath and laterally to the nerve, which is here separated medially fiom the ' 
sphenoidal and posterior ethmoidal air-sinuses by a thhi lamina of bone. ■ 

The intracranial part of the optic nerve, about 10 mm. long, runs ibae^wards 
and medialwards from the optic foramen to the optic obiasma. Above, it are ' 
the posterior parts of the Slfactory tract and gyrus rectus, and, near the b^larato 
the anterior cerebral artery. On its lateral ^ide is the internal carotid irftbW " " 
The optic nerve consists mainly of firie medullated dl»es, 
in three sheaths which are continuous with the membzmes hfmi li 
is in fact an outiying part of the white substance, of . ; 
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Tho outer ^ sheath, ^orived from the dura mater, is‘ thick and fibrous, and 
blends anteriorly with the sclera of the bulb of the eye. The intermediate 
sheath, derived from the arachnoid membrane, is thin and delicate. It is 
separated from the outer sheath by a narrow l 3 rmph-space which is continuous 
posteriorly with the subdural space, and from the inner sheath by a wider 
space which is continuous posteriorly with the subarachnoid cavity. The 
inner sheath, derived from the pia mater, is vascular and closely invests the 
nerve. From its deep surface septa pass into the nerve and subdivide and 


Fig. 808.-— a scheme showing the central connexions of the optic nerves and 

optic tracts. 



reunite to enclose what appear, in transverse sections of the nerve, as polygonal 
areas which are occupied by the bundles of nerve-fibres. From the inner 
sheath also, an investment is carried on the central vessels of the retina as 
far as the optic disc. 

The optic chiasma or commissure, somewhat quadiilateral in shape, lies 
above the tuberculura sellic and the anterior part of the diaphragma sellae, 
some distance behind the so-called sulcus chiasmatis of the sphenoidal bone. 
It forms the anterior part of the floor of the third ventricle and is in relation 
above with the lamina terminalis, behind with the tuber cincreum, and laterally 
with the anterior perforated substance and the internal carotid artery. 

The fibres of the optic nerve undergo a partial decussation in the optic 
chiasma (fig. 8Q8). The fibres from the medial (nasal) half of the retina cross 

O.A. Sfi 
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the middle line in central part of the chiaama and enter ilie optic tract p£ 
the opposite side. The fibres from the lateral (temporal) half of the retina 
do not cross, but are continued backwards, through the lateral pairt of the 
chiasma, into the optic tract of the same side. The posterior part of the 
chiasma consists of fibres which cross the middle line, but do not form parts 
of the optic nerves; these fibres connect the medial geniculate bodies of 
opposite sW^ and constitute what is known as th^Ofumisaure of ChMen. 

The optic tract is a cylindrical bundle of nerve-fibres which runs backwards 
and lateralwards from the optic chiasma. It jmsses between the anterior 
perforated substance and the tuber cinereum, and reaches th© under surface 
of the cerebral peduncle, where it becomes flat, and is attached to ther peduncle 
by its anterior margin. It then winds round the peduncle and divides into a 
medial and a lateral root. The fibres of the medial root form the commissure 
of Gudden, already referred to, and pass to the medial geniculate body. The 
lateral and larger root ends in the lateral geniculate body, the pulvinar of the 
thalamus and the superior colliculus, which together constitute the lower vismil 
centres. From the cells of these centres fibres, termed the o'ptic radiations^ 
are prolonged through the occipital part of the internal capsule to the higher 
or cortical visual centre, which is situated in the cuneus and in the neighbourhood 
of the calcarine fissure. 

Some fibres arc detached from the optic tract, and pass through the cerebral 
peduncle to the nucleus of the oculomotor nerve. These fibres are smalU 
and may be regarded as afferent branches for the Sphincter pupillss and Ciliaris 
muscles. Other fibres pass to the cerebellum tliroir-^h’ihe brachia conjunctiva, 
while others end in the nuclei of the pons. 


Applied Anatonuj. — Tiie optic uorvo is peculiarly liable to become the scat of neuritis 
or undergo atrophy ii affcctioiis of the central nervous system, and as a rule the patho- 
logical, relationship between the two affections is exceedingly difficult to trace. There 
are, however, certain points in connexion with the anatoinyipf this ner^o which tend to 
throw light upon the frOsjueut association of these affections with intracranial disease. 
(1) From its mode of deve'opment, aiid from its structure, the optic nerve must be 
regarded as a prolongation of the livain substance, rather than as an ^'rdmary cerc-» 
‘bral nerve. (2) It r(^ceiv(\s si ^aMis from the throe cerebral membranes, and these 
sheaths arc separated from each ■oilier In^ spaces which communicate with the subdural 
and subarachnoid cjuities respectively. The iuLormost sheath sends a process around 
the arteria centralis retime into tho interior of the nervo, and enters intimately into its 
structure. Thus inflauitnatory affections of the m'eningos or of the brain may readily 
extend along tliesc, spaces, or along ti e interstitial connective tissue, in the nerve. 

The optic neuritis ol' papillitis (“choked disc’’) that is often seen in casta of intra- 
cranial in‘Av growth with inereised intracranial terision is probabh^ caused by increased 
pressure in the vaginal sheath of the optic nerve, due to (excess of fluid in tho general 
subarachnoi»i space, with wliicti this sliratli is in direct communication* Jf, as is'the. case, 
for example, in the internal liydrocepbalus seen as a complication of corebro-spinal fever, 
there is no increase in the amount of fluid in the subarachnoid space, thou there will be no* 
optic neuritis although the intracranial tension may rise until it brings about the patient’s 
death. 

Tho course of tho fibres in tho optic ebiastnu has an important pathological bearing 
and lias been the subject of much controversy. Microscopic examination, experiments, 
and pathology all seem to point to the fact that there is a partial decussation of the fibres, 
each optic’ tract supplying the eorresiKinding half of each eye, so that the right tract sup- 
plies the right half of each eye, and tho loft tract the left half of each eye. At the same 
time Charcot belifevos, and his view lias met with general acceptance, tliat the fibres 
which dp not decussate at tho optic chiasma undergo decussation in the corpora qutfdri- 
geinina^, so that tho lesion of the cerebral centre of one side causes complete blindness of 
the opposite eye, because both sots of decussating fibres are destroyed; wheWas if on© 
tract, say the, right, be destroyed by disease, there will be blindness of the right half of 
both retinep. 

An anteroposterior section through the* chiasma would dividb the decussating, fibres ► ‘ 
and would therefore produce blindness of the medial half of each eye; while Oi s^tion at 
the margin of the side nf the optic chiasma would produce blindness of the lateral half of 
tho retina; of the same side.v> An early symptom of tumour-growth iji the hjto<»hy*si» 
is pressure on tlio chiasma. v . . 

The optic nervo may also bo affected in injuri^^r disoasetf^' invoWng the- pihjt.; iji 
fractures of the anterior fossa of the base of the skia®^ in tumours of the oit^ Or 
those invading this cavity from airfghbouring parts* ^ 
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^ViAWOtQB NbrWb (figs. 810, Sir, 812) 

IFhe nerve supplies all the ocular muscles, except the OhUoiius 

superior and Rictus lateral^ ; it. also supplies, through itsT conneSon^th 
the*c1IiSi^^hgUbh,^ ffijs Bp^noter pupilte and the Ciliaris muscles. 

The fibres of the oculomotor nerve arise from It ^nucleus "which lies in the 
pey substance of the uppet^rt of the floor of the cerebral aqueduct and extend 
in front of the aqueduct for a short distance into the floor of the third ventricle. 
From this nucleus the fibres pass forwards through the tegmentum, the red 
nucleus and the piedial part of the substantia nigra, forming a series of curves 
with a lateral convexity, and emerge 

from the oculomotor sulcus on’ the ,, ^ 

Uiedial side of the cerebral peduncle. f 

The nucleus of the oculomotor Porlia, the nucleus of origin of the 

nerve does not consist of a continuous oculomotor and trochlear nerves, 

column of cells, but is broken up into (Testut.) 

a number of smaller nuclei, which are 2VI 

arranged in two groups, anterior and 
posterior. Those of the posterior : . 

group are six in number, five of i / V 

which are symmetrical on the two ^ 

sides of the. middle line, while the ‘ /// 

sixth is centrally placed and is 

common to the nerves of both sides. ^ ^ 

The anterior group consists of two ' 
nuclei, an anteromedial and an '■'lii , 
anterolateral (fig. 809). . 

The nucleus of the nerve is said y.'.. \ 

to send fibres through the medial ; // 

longitudinal fasciculus tb tljjaJteiaJ 
, ueimr, lor the supply of the Orbicu- 

*laris oculi, Corrugator, and Frontalis I 

muscles.* It is also connected with 

the nuclei of the JjiKlhlear and ab- , * | i ' 

dacent nerv es, with the cereb^m, - 
the sw^^^fficulus, anJfbecOTlgx .V'-M. 
of thgocc™tCTl&be of the jcereBrum. >>W’ • ' . . .. ^ T^'X . 

The'liuoleua of tEo ocuJornotof j I 8. 
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nerve, considered from a phyvsio 
logical standpoint, caii be subdivided 
into several smaller groups of cells, 
each groqp controlling a particular 
muscle. The nerves to the different 
muscles appear to take their origin 
from behind forwards as follows : 


^ ii-W' ' ».>*'■ i . 

1. Posterior ilorsul uudoiiH. 1'. Posterior ventral 
nucleus. 2. Auterhtr dorsal nucleiiK. 'Z\ Anterior 
ventral nucleus. 3. Central nucleus. 4. Nucleus of 
Ndinger and Westphal. 5. Anteroiredial nuoleiia. 
6. Aiiterolaternl nucleus 8. Crossed fibres. 0. Tmchlear 
nerve, with 9\ its iiuclcu?) of origin, and 0", Its decussa- 
tion. 10. Third ventricle. M, M. Median line. 


Obliquus inferior, Rectus inferior. 

Rectus superior, Levator palpebrse superioris, and Rectus medialis; while 
from the anterior end of the nucleus the fibres for the Cilioris and the Hpbinoter 
puj^sa take their origin. 

On emerging from the brain, the nerve is invested with a sheath of pia 
inat^, and enclceed m a prolongation from the arachnoid. It passes between 
cereheOar and postprior cerebral arteries, runs forward In the 
.interval ht^weett' the free and attached borders of the tentorium 
e^bc^, afid then places the dura mater in front of and lateral to the 
posti^or clinoid.proopif^'.ilt traverses the lateral wall of the cavernous sinus, 
Abtn^the trpidilecu' hearVif;'*rMeiving in its course one or two filaments from the 
cavvmotts {riexus ^ this aympathetio, and a communicating branch from the 
ophthalmic di'^ion q| tl^ tngemhud. It then divides into two rami, whieh 
enter the orhlt ^UiroiqA orbital fiaiare, between the two heads ot 

the R^tfia latoaJis; fnere Ul^lpiiVe is placed below the trochlear nerve And 
the frontAl and kori^l of the ophthalnno nave, while the nasocUia^ 

is pW^ between Its two' rami. 


* S««.|a!^ote. p. 790. 
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The -mperior ramus, the smaller, passes medialwards over the optic no^e, 
and supplies the Rectus superior and Levator palpebrae supenons. The 
inferior ramus, the larger, divides into three branches. One p^ses bejj^th the 
optic nerve td the Rectus nicdialis ; another, to the Rectus inferior ; the 
and longest runs forwards between the Rectus inferior and R^tud laterals to 
the Obliquus iiiferitn’. JbVoin the nerve to the Obliquus inferim* a short 
branch is gK^n off to the lower part of the ciliary ganglion, and forms 
root. All these branches enter the muscles on their ocular surfaces, with the 
exception of that to the Obliquus inferior, which enters the posterior border of 
the muscle. 


810. — A plan of the oculomotor nerve. 



Applied Anatomy . — Paralysis of the oculomotor nervo may bo tlui result of many 
causes, such as cerebial discavse; or conditions causin^r pn^ssure on the cavonious sinus; 
or periostitis of the bones entering into the formation of the superior ('rhital fissure. It 
results, when complete, in (1) ptosis, or drooping of the npiier eyelid, n consequence of 
the Jjevator palpebrre siiporioris being paralysed; (2) external strabismus, on account 
of tho unopposed action oj the Rectus lateralis and Obliquus superior, 'which arc not 
supplied by the oculomotor ner^us and ai”' therefore not paralysed; (3; lil.itrtion of the 
pupil, because the Sphincter p-ipillie is paralysed; (4) loss of power of accommodation 
and of contraction on exposure to ^’ght, as the Sphincter pupillaj and mo Ciliaris are para- 
lysed; (5) slight promincnc/e of the eyeball, owing to most of its muscles beiiig relaxed; 
and (6) tho patient will (’omplain of tho resulting diplopia, or double visiOT, the false 
image being higher than the true, and the sewation of the two images increasing with 
medial movements. Occasionally p .''alys‘«s may affect only a part of the nerve — th.at is 
to say, there may bo, for exaniplo, a dilated and fixed pupil, woth ptosis, but no other 
signs. Irritation of tho nervi causes spasm of ono or other of the muscles supplied by 
it; thus, there may bo intornal strabismus from spasm of the Ilectu'o modialis: accom- 
modation for near objects' only, frorn spasm of the Ciliaris; «)r miosis (contraction of the 
pupil) from irritation of tho Sphincter pupillie. 

The oculomotor nerve is particularly liable to become involved in a syphilitic peri- 
arteritis, as it leaves the base of the brain, wdicn passing between tho posterior cerebral 
and superior cerebellar arteries; associated with locomotor ataxia various partial’ or 
complete paralyses of tlie nerve are often seen. 


Trochlear Nerve (fig. 811 ) 

The trochlear nerve, the smallest of the cerebral nervcis, supplies the 
Obliquus superior oculi. 

It arises from a nucleus situated in the floor of the cerebral aqueduct, 
opposite the upper part of the inferior colliculus. IVom its origin it runs 
downwards through the tegmentum, and then turns backwards into the upper 
part of the anterior medullary velum. Here it doonifeates with its fellow of 
the opposite side and emerges from the surface of the velum at the sid^ of the 
frenulum veli, immediately behind the ixlferior colliculus. 

The nerve is directed" across the brac|uum conjuuctivum cerebelli, and then 
winds forwards round the cerebral peduncle immediately above the pons, 
pidrees the dura mater in the free border of the tentorium cerehelli, just behind, 
and lateral to, the posterior clinoid process, and passes forwards in the lateriU 
wall of the cavernous sinus, between the oculomotor nerve and the pphthalmio 
division of the trigeminal. It crosses the oculomotor nerve, and^eniers the 
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orbit through the superior orbital fissure. It now beoomes the highest of all 
the nerves, and lies medial to the frontal nerve. In the orbit it passes 
medialwE^s, above the origin of the I^evator palpebra? superioris, and finally 
enters the orbital surface of the Obliquus superior. 

In the lateral wall of the cavernous sinus the trochlear nerve forms com- 
munications with the ophthalmic division of the trigeminal and with the 
cavernous plexus of the sympathetic. In the superior orbital fissure it 
occasionally gives ofiE a branch to the lacrimal nerve. It gives off a recurrent 
branch which passes backwards between the layers of the tentorium cerebelli 
and divides into two or three 
filaments which may be traced 
as far as the wall of the trans- 
verse sinus. 

Applied AnaU>7ny . — ^When the 
trochlear nerve is paralysed there 
is loss ol function in the Obliquus 
superior, so that the patient is 
unable to turn his eye downwards 
and outwards. Should the patient 
attempt to do this, the eye of the 
affected side is rotated inwards, 
producing diplopia or double 
vision.' Singhi vision exists in the 
whole of tho field so long as the 
eyes look above the horizontal 
plane, but diplopia occurs on look- 
ing downwards. To eoiihteract 
this the patient holds Ins head 
fqrwards, and also incliiics it to the 
sound side. 

Trigeminal Nerve 

The trigeminal nerve is 
the largest cerebral nerve. It 
is the sensory nerve of the face 
and of tlm greater part of the 
scalp, and the motor nerve of 
the muscles of mastication. 

It is attached to the anterior 
or ventral surface of the pons, 
ilcav its upper border, by a 
large sensory, and a small 
motor, root — the latter beinjr 
placed medially and anteriorly 
to.the former. 

The fibres of tho sensory 
root arise from the colls of the 
semilunar ganglion (Gasserian ganglion). This ganglion (figs. 811, 812) occupies 
a cavity (cavuni Mcckelii) in the dura mater covering tho trigeminal imj)ression 
near the apex of the petrous part of the temporal bontn Tho ganglion 
somewhat crescentic in shape, with its convexity directed forwards and lateral- 
wards. Medially, it is in relation with the internal carotid artery and the 
posterior part of the cavernous sinus. Beneath it are the motor root of the nerve 
and the greater superficial petrosal nerve. It receives filaments from tho caver- 
nous plexus of the sympathetic, and gives off twigs to the tentorium cerebelli. 

The axis-cylinders of tbe cells of the semilunar ganglion divide mio peripheral 
and centrnl branches. The former are grouped to form the ophthalmic and 
nmxillaTy nerves, and the sensory phrt of the mandibular nerve (the last is 
joined outside the cranium by the motor root of the nerve). The central 
branches constitute the filires of the sensory root of the nerve, which leaves 
the concave margin of the ganglion, runs backwards and mcdialwaids below 
the superior petrosal sinus and the tentorium cerebelli, and enters the pons. 
In the pons these fibres divide, like the fibres of the posterior roots of the spinal 
nerves, into ascending and descending branches. The ascending branches end 
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the upper sensory nucleus of the trigeminal nerye, which is situated in the 
pons, on the lateral side of, and somewhat deeper than, the motor nucleus, 
*rhe descending fibres form what is termed the spinal of the trigerhinal 
nerve. This tract runs doAvnwards through the pons into the medulla omongata 
on the lateral side of a column of grey substance named the gelatinous substance 
of Rolando, As the tract descends, a succession of fibres leaves it and enf ers 
the gelatinCt^ substance ; the tract thus diminishes as it passes downward^, 
and finally ends In the upper part of the cervical portion of^he medulla spinalis. 

Medullation of the fibres of the sensory root begins about the fifth month of 
fcetal life, but the. whole*, of the fibres of the root are not medullatod until the 
third month after birth. ^ ' 

The fibres of the 'motor 'root arise from two nuclei, an inferior and a superior. 
Tho inferior or chief nucleus is situated in the ilpper port of the pons, close tp 
its dorsal surface, and along the line of the lateral margin of the rhomboid 
fossa. The superior nucleus consists of a strand of cofls occupying the whole 
length of the lateral portion of the grey substance of the cerebral aqueduct. 
The fibres from this nucleus constitute the 7nesenccphalic root * ; they descend 
through the mesencephalon, and, entering the |)ons, join with the fibres from 
the lower nucleus, and the motor root, thus formed, passes forwards through 
the ])ons to its point of emergence. 

Four small ganglia are associated with the three divisions of the trigeminal 
nerve, viz.— the ciliary ganglion wdth the ophthalmic nerve ; the sphenopalcUinc 
gctfUglion with the maxillary nerve ; and the otic and s'>*.brtiaxillary ganglia with the 
mandibular nerve. • 

V 

OruTiiALMTO Nerve (figs. 811, 812) 

The ophthalmia nerve, or first division of f he trigeminal nerve, is a s(*nsory 
nerve. It supplies branches to the bulb of tho eye, the lacrimal gland and 

Fig. 812.- -TJio nurvos of tlie orbit, nml the ciliary ^auf^lion, from tlic ^juIo. 



tho conjunctiva, to a part of the mucous membrane of the nasal cavity, and 
to the skin of the nose, eyelids, forehead, and scalp. It Is the smallest mviaipn 
of the trigeminjstl nerve, and arises |rom the anTOromOiS^Iwitt of the seiihiltmar 
ganglion as a flattened band, about 2*5 cm^ long, whieli passes forwards along 
the lateral wall of the Cavernous sinus below oculoihotor ahd trbbUes^ 
nerves just before entering the orbit through the superior orbital fissure, ib 
divides into three ^ai^ohes, taerimal, frontal^ and nas^iKary, , V 

The ophthalmen^e is joined by filatnenl^ irpm. the cavenicns 

some indidate that the mesoncejdiaHe rpot ef the trigeminal nerve, 
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j®,nd oommunicates with^^the oculomotor, trochlear, and 
'abducent nerves ; it gives off a recurrent branch (n. tentoru), which crosses the 
ite^e, and passes between the layers of the tentorium. 

The lacrimal nerve is the smallest branch of the ophthalmic nerve. It 
sometimes receives a filament from the trochlear nerve, but possibly this 
consists of fibres which have previously passed from the ophthalmic to the 
trochlear nerve. It enters the orbit through the narrowest part of the superior 
orbital fissure, runa along the upper border of the Rectus lateralis, with the 
lacrimal artery, and communicates with the zygomatic branch of the maxillary 
nerve. It enters the lacrimal gland and gives off several filaments, which 
supply the gland and the coUjunctivai Finally it pierces the orbital septum, and 
ends in the skin of the upper eyelid, joining with filaments of the facial nerve. 

The lacrimal nerve is occasionally absent, and its place is then taken by the zygo- 
maticotemporal branch of the maxillary nerve. Sometimes the latter branch is absent, 
and a oontinus^tion of the lacrimal is substituted for it. 

The froht^ nerve is the largest branch of the ophthalmic nerve. It 
enters the orbit through the superior orbital fissure, and runs forwards between 
the Levator palpebrac superioris and the periosteum. Midway between the 
apex and base of the orbit it divides into two branches, a small supratrochlear 
afid a larger supraorbital. 

The nerve passes above the pulley of the Obliquus superior, 

and ^ves off a descending filament, to join the infratrochh^ar branch of the 
nasociliary nerve. It then escapes from the orbit between the pulley of the 
Obliquus superior and the supraorbital foramen, curves upwards on the forehead 
close to the bone, and sends filaments to the,.CDniunciiya find skin of the upper 
it then ascends under cover of the' Corrugator and Frontalis, and 
ruvides into branches which pierce these muscles and suppjy, the skin of fho 
lower-part of the forehead close to the middle line. 

The suptaorbital nerve passes through tlie supraorbital foramen, and gives off 
palpebral filaments to the upper eyelid. It then ascends upon the forehead, and 
ends in two branches, a m,edial and a lateral, which supply the s kin of the scalp. 
reaching nearly as far back as the lambdoidal suture. These tA^15i^an"cEes"are at 
first situated beneath the Frontalis ; the medial branch perforates this muscle, 
the lateral branch pierces the galea aponeurotica. Both branches supply small 
twigs tojUie pgricranium and to, the mucous jnembrane of the frontal air-sinus. 

The Nasociliary nerve is intermediate in size between the frontal and 
lacrimal nerves, and is more deeply placed. It enters the orbit between the 
two heads of the Rectus lateralis, and between the superior and inferior rami 
of the Oculomotor nerve. It passes across the optic nerve and runs obliquely 
beneath tbo Rectus superior and^,0bii^^^^^ superior, to the medial wall of the 
orbital cavity. Here, rnider the name of the anterior ethnwidal nerve, it passes 
through the anterior ethmoidal foramen and, entering the cavity of the cranium, 
traverses a shallow groove on the lateral margin of the front part of the lamina 
cribrosa of the ethmoidal bone, and runs down, through a slit at the side of 
the crista galli, into the nasal cavity where it lies in a groove on the inner 
surface of the nasal bone. It supplies internal nasal branches to the ini;icpua. 
menibliti the front, of the septum and lateral wall of tlj^e jiasal 
Finally, it emerges, as the external nasal branch, between the lower border of 
the nasal bone and the lateral nasal cartilage, and, passing down beneath the 
Kasalis muscle, s upplies the skin of the ala and.ftpex qf the pose. 

, The nasociliary nerve gives bff'*‘{he tong root of the ciliary ganglion, the 
iongcili^, the infi:atroohleax, and the posterior ethmoidal nerves. 

'TKe ro^ of the ciliary ganglion usually arises from the nasociliary nerve 
between the two he^ of th^ Rectus lateralis. It passes forwards on the 
lateral side of the nerve; and enters the posterosuperior angle of the 
ciliaxy ganglion; it is sometimes joined by a filament from the cavernous 
plexus^of the sympathetic, or from the superior ramus of the trochlear neiTe. 

The fang dliafy nerveai two or three in number, are given off from the^naso- 
oUiary hervp, as4t crosses the <|ptic nerve. They accompany the short ciliaiy 
ne^es from th^ ciBi^ gan^w» pierce the posterior part of the sclera, and, 
rtxnning fmrwauw between it' and the chorioid, are’ distributed to the cilia^ 
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The infralrochkar nerve ia given off from the nasociliary nerve near the 
anterior ethmoidal foramen. It runs forwards along the medial wall of 
the orbit above the upper border of the Rectus medialis, and is joined, near the 
pulley of the Obliquus superior, by a filament from the supratrochlear nerve. 
It then escapes from the orbit beneath the pulley of the Obliquus superior ; it 
suxqfiies the skin of tlie eyelids and side of the nose, the conjunctiva, lacrimal 
sac, an^^QjaiScula lacrimalis. / 

T}ko postenor^ethmoidal nerve leaves the orbital cavity tlirough the posterior 
ethmoidal foramen and gives twigs to the ethmoidal colls and sphenoidal sinus. 

Ciliary ganglion. — The ciliary ganglion (figs. 810, 812) is a small, quad- 
rangular, flattened ganglion, of a radish-grey colour, and about the size of 
a pin’s head ; it is situated at the back part of the orbit, in some loose fat 
between the optic nerve and the Rectus lateralis muscle, lying generally on the 
lateral side of the ophthalmic artery. 

Its roots are three in number, and enter its x>osterior border. One, the 
long or sensory root, is derived from the nasociliary nerve, and joins its postero- 
superior angle. The second, the shoi*t or motor root, is a thick nerve (occasion- 
ally divided into two parts) derived from the branch of the oculomotor nerve 
to the Obliquus inferior, and connected with the postero-inferior angle of 
the ganglion. The third, the syinx)athetie root, is a slender filament from 
the cavernous j)lexus (^f the sympathetic ; it is frequently blended with the 
long loot. According to Ticdemann, the ciliary ganglion receives a twig of 
communication from the sphenopalatine ganglion. 

Its branches are the sliort ciliary nerves. Th e arc delicate filaments, 
from six to ten in number, which arise from tho forepart of the ganglion in 
two bundles connected wil h its superior and inferior angles ; the lower bundle 
is the larger. They run forwards with iho ciliary arteries in a wavy cours(\ 
one set abov(' and tlic oilier below the optic nerve, and are accomyianied by 
the long ciliary nerves. They pierce the sclera around the entranoci of the 
optic nerve, pass forwards in d(;licate grooves on the inner surface of the sclera, 
and are distributed to tlu*. Ciliaris muscle, iris, and cornea. Ticdemann described 
a small branch which penetrated optic nerve with tho arteria centralis 
retime. 


Maxillary Nkrve (fig. 813) 


Tlie maxillary nerve, or second division of the irigemiivil nerve, is a 
sensory nerve, and is intermedia^r in position and size between the ophthalmic 
and mandibular nerves. It begins a*: the middle of tho semilunar ganglion 
as a flattcjiicd plexiform band, and, ]>assing horizontally forwards in the lower 
Xiarl of the lateral wall of the cavernous sinus, leaves the skull through the 
foramen rotundiim, where it becomes more cylindrical in form and firmer in 
texture. It then crosses tho pterygopalatine fossa, inclines lateralwards on the 
back of the orbital x^rocess of the palatine bone and on the back of the jnaxilla, 
and enters tho orbit through the inferior orbital fissure ; it traverses the infra- 
orbital groove and canal in the floor of the orbit, and appears on the face 
through the infraorbital foramen.* At its termination, the nerve lies beneath 
the Quadratus labii superioris, and divides into branches which are distributed 
to tht* side of the no.se, the lower eyelid, and the upper lip, and join with filaments 
of tho facial nerve. 

Its branches jnay bn divided into four groups, according as they are given 
off in the cranium, in the pterygopalatine fossa, in the infraorbital canal, or 
on tlic face. 


In the cranium 

In the pterygopalatine fossa 

♦ 

In the infraorbital canal . 
On the face 


Middle meningeal, 
j Zygomatic, 
j Sphenopalatine. 

(Posterior superior alveolar. 

I Middle superior alveolar. ^ 
[ Aiiterior superior alveolar. 

I Inferior palpebral . 

\ External nasal. 

(Sui^erior labial. 


* After enters the infraorbital canal, the nerve is frequently called the infrtxorbitdt. 
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The middle meningeal nerve is given ofE from the maxillary nerve near 
the semilunar ganglion ; it accompanies the middle meningeal artery and 
supplies the dura mater. 

The zygomatic nerve (temporomalar nerve) arises in the pterygopalatine 
fossa, enters the orbit by the inferior orbital fissure, and divides into two 
branches, zygomaticotemporal and zygomaticofacial. 

The zygomaticotemporal branch runs along the lateral wall of the orbit in 
a groove in the zygomatic bone, receives a branch from the lacrimal nerve, 
and, passing through a canal in the zygomatic bone, enters the temporal fossa. 
It ascends between the temporal bone and the Temporalis muscle, pierces 


Fi(i. 8J3. — Tlio maxillary and mandibular nerves, and the subrnaxiiJary ganglion. 



the temporal fascia about 2*5 cm. above the zygomatic arch, and is distributed 
to the akin of the side of the forehead. It communicates with the facial nerve 
and with the auriculotemporal branch of the mandibular nerve. As it pierces 
the temporal fascia, it gives off a slender twig which runs between the two 
layers of the fascia to the lateral angle of the orbit. 

The zygomaticofacial branch passes along the infcrolateral angle of the 
orbit; emerges upon the face through a foramen in the zygomatic bone, and, 
perforating the Orbiculaiis oculi, supplies the skin on the prominence of the 
cheek. It joins with th(; zygomatic branches of the facial nerve and with 
the inferior palpebral branches of the maxillary nerve. 

The sphenopalatine branches, two in number; descend to the spheno- 
palatine ganglion. 

The posterior superior alveolar branches arise from the maxillary 
nerve just before it enters^ the infraorbital groove; they arc generally two 
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in number, but sometipaes they arise by a single trunk. They descend on the 
tuberosity of the maxilla and give off several Miga to the gums and neighbouring 
parts of the mucous membrane of the cheek. They then enter the posterior 
alveolar canals on the infratcmiporal surface of the maxilla, and, passing forwards 
in the substance of the bone, communicate with the middle superior alveolar 
nerve, and off branches to the lining membrane of the maxillary sinus 
and twigs to each Tuolar tooth ; these twigs enter the foramina at the apices 
of the roots of the teeth. 

The middle superior alveolar branch is given off from the maxillary 
nerve in the posterior part of the infraorbital canal, and runs downwards and 
forwards in a canal in the lateral w^all of the maxillary sinus to supply the 
two premolar teeth. It forms a superior dental plexus with the anterior 
and posterior superior alveolar branches. 

The anterior superior alveolar branch leaves the lateral side of the 
maxillary nerve in the front part of the infraorbital canal, and runs in a canal 
in the anterior wall of the maxillary sinus. At first it curves beneath the 
infraorbital foramen and passes medialwards towards the nose ; it then turns 
downwards and divides into branches which supply the incisor and canine 
teeth. It communicates with the middle superior alveolar branch, and gives 
off a nasal branch, which pa.sses tliroiigh a minuto canal in the lateral wall of 
the inferior meatus, and supplies the mucous membrane of the anterior part 
of the inferior meatus and the floor of the nasal cavity, communicating mth 
the nasal branches from the sphenopalatine iglioi.. 

The inferior palpebral blanches ascend bej.ind the Orbicularis oculi. 
They supply the skin and conjunctiva of th,.. low# ” eyelid, and join with the 
facial and zygomaticofacial nerves at the ’ iteral angle of the orbit. 

The external nasal branches sur fly the skin of the side of the nose 
and of the septum mobile nasi, . nd join with the external nasal branch of 
the anterior ethmoidal nerve. 

The superior labial branches arc large and numerous ; they descend 
behind the Qiiadratus labii superioris, and supply the skin of the upper lip, 
the mucous membrane of tlv‘ mouth, and the labial glands. Tley are joined 
by branches from the facial netve, and form with them the fra orbital 

Sphenopalatine ganglion — The sphenopalatine ganglion (ganglion of 
Meckel) (fig. 814), Ihc largest of the ganglia associated with the branches of 
the trigeminal nerve, is deeply p?‘i<^ed in the pterygopalatine fossa, close to the 
sphenopalatine fora '»en. It is trirngular or heart'^hapod, of a reddish-grey 
’ colour, and is situated jiiSu below the maxillary nerve as it crosses the fossa. 
It receives sensory, motor, and sympathetic roots. 

Its sensory roots ai‘«5 derivei’ from the two sphenopalatine branches of the 
maxillary nerve, but most of the fibres of these branches pass directly into the 
palatine nerves. Its motor root is probably derived from the facial nerve through 
the greater superficial })etrosal nerve, and its sympathetic root from the carotid 
plexus through the deep petrosal nerve ; before entering the ganglion these 
two nerves join to form the nerve of the pterygoid canal. 

The greater superficial petrosal nerve is given off from the genicular ganglion 
of the facial nerve ; it passes through the hiatus of the facial canal, enters 
the cranial cavity, and runs forwards beneath the dura mater in a groove 
on the anterior surface of the petrous portion of the temporal bone. It theti 
enters the cartilaginous substance which fills the foramen lacerum, ondr 
joining with the deep petrosal branch, forms the nerve of the pterygoid 
canal. . ^ 

The deep petrosal nerve is given off from the carotid plexus, and runs through 
the carotid canal lateral to the internal carotid artery. It theu enters the 
cartilaginous substance which fills the foramen lacerum, and joins with the 
greater superficial petrosal nerve to form the nerve of the pterygoid canail. 

The nerve of the pterygoid canal (Vidian nerve)* formed by the junction of 
t he two preceding nerves in the cartilaginous mibstanoe which fills the ioraniea 
lacerum, passes forwai^d^ l^ough the pterygoid canal with the correspbndiug 
arteiy, and is joined by W small ascending sphenoHefi bmneh from thto otic, 
ganglion. Finally, it enters the pte^gopalatine fossa, and joins ^e /sptoich 
l^latme ganglion. 
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Bfunch^ of iistribution . — These are divisible into four groups, viz. orbital, 
palatine, posterior superior nasal, and pliaiyngealr 

The orbital branched fire two or three delicate filaments, which enter the 
orbit by the inferior orbital fissure, and supply the periosteum. 

The palatine nerves are distributed to the roof of the mouth, the soft. palate, 
the tonsil, and the lining membrane of the nasal cavity. Most of their fibres 
are derive^ from the sphenopalatine branches of the maxillary nerve. They 
are three in number : anterior, middle, and posterior. 

The anterior palatine nerve descends through the pterygopalatine canal, 
emerges upon the hard palate through the greater palatine foramen, and passes 
forwards in a groove on the inferior surface of the hard palate, nearly as far 
as the incisor t^th. It supplies the gums, the mucous membrane and glands 
of the hard palate, and communicates in front with the terminal filaments of 


Fio. 814. — Tlie split-iK)palatin« ganglion and its branohes. 



the nasopalatine nerve. While in the pterygopalatine canal, it gives off 
posterior inferior nasal branches, which enter the nasal cavity through openings 
in the vertical paH of the palatine bone, and ramify over the iifferior nasal 
concha and middle and inferior meatuses ; at its exit from the canal, a palatine 
branch is distributed to both surfaces of the soft palate. 

The middle palatine nerve emerges through one of the lesser palatine foramina 
and supplies brtoohes to the uvula, tonsil, and soft ])alate. 

posterior paiatine nerve descends through the pterygopalatine canal, 
and emor^ throi^h one of the lesser palatine foramina ; it supplies the uvula, 
tonsil, and soft palate. Tfie middle and posterior palatine nerves form, with 
the tptisittar branches of the glossopharyngeal nerve, a plexus around the 
tonsil. 

The postenor superior nasal branches enter the posterior part of the nasal 
cavity by .the sphenopalatme foramen, and supply the mucous membrane 
cbve^g the supc^r and middle nasal conchas, the lining of the posterior 
ethmoidal celts, and the posterior part of the nasal septum. One branch, 
longer andla^ek^ than the others, is named the nasopahline nerve, it crosses 
the roof of th^/nasal cavity below the orifice of the sphenoidal sinus, and then 
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runs obliquely downwards and forwards between the periosteum and mucous 
membrane of the lower part of the septum. It descends to the roof of the 
mouth through the incisive canal, and communicates with the corresponding 
nerve of the opposite side and with the anterior palatine nerve. It furnishes 
a few filaments to the mucous membrane of the nasal septum. 

"J'hc phai^geal nerve, a small branch, arises from the posterior part of 
the ganglion, payees through the pharjmgeal canal with the pharyngeal branch 
of the internal maxillary artery, and is distributed to the mucous membrane 
of the nasal part of the pharynx, behind the auditory tube. 


Manuibulab Nerve (figs. 813, 815) 

The mandibular nerve (inferior maxillary nerve) supplies the teeth and 
gums of the mandible, the skin of the temporal region, the auricula, the lower 
lip, the lower part of the face, and the muscles of masticatibn ; it also supplies 
the n^ucoiis membrane of the anterior two-thirds of the tongue. It is the 
largest division of the trigeminal nerve, and is made Uji of two roots : large, 
sensor^' root proceeding from the inferior angle of the semilunar ganglion, 
and a small motor root (the motor part of the trigeminal) which passes beneath 
the ganglion, and unites with the sensory root, just after the exit of the latter 
from the foramen ovale. Immediately beneath che base of the skull, the nerve 
gives off from its medial side the nerA^us spinoFvs and the nerve to the 
Pterygoideus internus, and then divides into a sr ill anterior, and a large 
posterior trunk. 

The nervus spinosus enters the ‘ kiill through the foramen spinosum with 
the middle meningeal artery. divides into two branches, anterior and 
posterior, which accompany the main divisions of the artery and sui^ply tlu^ 
dura mater ; the posterior bra’ di also supplies the mucous lining of the mastoid 
cells ; the anterior communicates -vitli the mcniiigeal branch oi the maxillary 
nerve. 

Th(‘ nerve to the Pterygoiu internus is a slender branch which 
enters the deep surface of the muse, * gives olf one or two filaments to 
the otic ganglion. 

The small anterior trunk (nervus inasticatorius) of th^ mandibular nerve 
receives nearly the Avliole of the laotox fibres of the trigeniinal nerve, and 
sup])Jies the muscles of mastication and the skin and mucous membrane of 
the check. Its branches are the masseteric, deep temporal, buccinator, and 
exiomal pterygoid. 

The masseteric nerve passes lateral wards, above the Pterygoideus 
extenms, in front of the temporomandibular articulation, and behind the 
tendon of the Temporalis ; it crosses the posterior part of the mandibular 
notch with the masseteric artery, ramifies in the deep surfaces of the Masseter, 
and gives a filament to the temporomandibular joint. 

The deep temporal nerves are two in number, anterior and posterior. 
They pass above the upper border of the Pterygoideus exteiiius and enter the 
deep surface of the Temporalis. The posterior branch, of small size, is placed 
at the posterior part of the temporal fossa, and sometimes arises in common 
with the masseteric nerve. The anterior branch is frequently given off from 
the buccinator nerve, and then ascends over the upper head of the Pterygoideus 
externus. A third or intermediate branch is often present. 

The buccinator nerve (long buccal nerve) passes forw^ards between the 
two heads of the Pterygoideus externus, and downwards beneath or through 
the lower part of the Temporalis ; it emerges fron^ under the anterior border 
of the Masseter, ramifies on the sjirface of ‘the Buccinatot ahd unites with the 
buccal branches of the facial nerve. It furnishes a branch to the I^erygoideus 
externus during its ])assage through that muscle, and may give off the anterior 
deep temporal nerve. The buccinator nerve supplies the s^ over the BuccU 
imtor, and the mucous membrane lining its inner surface. 

The nerve to the Pterygoideus externus enters the deep surface of the 
muscle. It may arise from the anterior division of the mandibular nerve or 
in conjunction with the buccinator nerve. 

, The large posterior trunk of the mandibular nerve is for the most part 



MANDIBULAR NERVE 861 

sensory, but receives a few filaments from the motor root. It divides into 
auriculotemporal, lingual, and inferior alveolar nerves. 

The auriculotemporal nerve generally arises* by two roots, which encircle 
the middle meningeal artery. It runs backwards beneath the Pterygoideus 
externus to the medial side of the neck of the mandible. It then turns upwards 
with the superficial temporal artery, between the aimcula and condyle of the 
niandiblc, under cover of the parotid gland ; escaping from beneath the gland, 
it ascends over the zygomatic arch, and divides into superficial temporal 
branches. 


Fio. 815. — The Pterygoideus externus and the branc-hes of the mandibular 
nerve in relation to it. 


Aurirulotem.'poral nerve Dcc'p temporal nerves 



Bramh^s of communication . — The auriculotemporal nerve communicates 
with the facial nerve and with the otic ganglion. The branches to the facial, 
usually two in number, pass forwards from behind the neck of the mandible 
' and join the facial nerve at the posterior border of the Massotcr. The filaments 
to the otic ganglion are derived from the rool^ of the auriculotemporal nerve 
close to their origin. 

Its branches of distribution are : 

Anterior auricular. Articular. 

Branches to the external acoustic meatus. Parotid. 

Superficial temporal. 

The anterior auricular branches are usually two in number : they supply 
the front of the upper part of the auricula, being distributed principally to the 
ahjn covering the front of the helix and tragus. 
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Branches to thfi external acoustic meatus^ two in number, enter the meatus 
between its bony ‘and cartilaginous portions, and supply the skin lining it ; the 
upper one sends a lUament to the tympanic membrane/ 

The articular branches consist of one or two twigs which enter the posterior 
part of the temporomandibular joint. 

The paroti^branches supply the parotid gland. 

The svpe^ciq^ temporal brariches accompany the superficial temporal artery 
and its tenninar branches ; they supply the skin of the temporal region and 
^ communicate with the facial and zygomaticoiemporal nerves. 

The lingual oeneath the Pterygoideus extemus, medially 

to audTntront oTtlio inferior alveolar nerve, to which it is often joined 
by a branch which may cross the internal maxillary artery. The ghorda 
tympani branch of the facial nerve also joins it at an acute angle in this situation. 
The nerve th('n runs between the Pterygoideus intemus and the ramus of the 
mandible, and 2 >asses obliquely to the side of the tongue over the Constrictor 
pharyngis superior and Styloglossus, and then between the Hyoglossus and 
dee]> part of the submaxillary gland ; it finally runs across the duct of the 
submaxillary gland, and along the longue to its tip, lying immediately beneath 
the mucous membrane. 

Branches of cmnmunication. — In addition to receiving the chorda tympani 
and the branch from the inferior alveolar nerve, already referred to, the lingual 
nei ve sends two or three branches to the submaxillary ganglion, and, at the 
anterior margin of the Hyoglossus muscle, forms t wo or three loops of com- 
munication with twigs of the hypoglossal nerve. 

Its branches of distribution supply the sublingual gland, the mucous membrane 
of the mouth, the gums, and the mucous membrane of the anterior two-thirds 
of the tongue ; the terminal filaments communicate, at the tip of the tongue, 
with the hypoglossal nerve. 

The inferior alveolar nerve (inferior dental nerve) is the largest branch 
of the juandibular nerve. It descends with the inferior alveolar artery, at first 
beneath the Pterygoideus extemus, and then between the sphenomundibulai' 
ligament and the rannis of tbe mandible to the mandibular foranJcn. It then 
runs in the mandibular canai, beneath the teeth, as far {is the mental foramen^ 
where it divides into an incisiv e and a mental branch. 

The branches of the inferior alveolar nerv’^e are the mylohyoid, dental, 
incisive, and mental. 

The rnyhhjoid neiTe is deriv^^l from the inferior alveolar just before it 
enters the mandibular foramen. It descends in a groove on the deep surface 
of the ramus of the mandible, and rcacliing the under surface of the Mylo- 
hyoideus supplies this muscle and the antericu’ belly of the Digastricus. 

Tlie dental branches supply the molar and promolar teeth, and the gum. 
They correspond in number to the roots of those teeth ; each nerve entering the 
orifice at the 2 )oint of the root, and supplying the pulp of the tooth ; above 
the alveolar nca’vc tht*y form an inferior dental plexus. 

The incisive, branch is continued onwards within the bone, and supplies the 
canine and incisor teeth. 

The mental nerve emerges at the mental foramen, and divides beneath the 
Triangularis muscle into three branches ; one descends to the skiu^ of the 
chin, and two ascend to the skin and mucous membrane of the lower lip ; 
these branches communicate freely with the facial nerve. 

Two small ganglia, the otic and the submaxillary, are connected with the 
mandibular nerve. ^ 

y^tic ganglion. — The otic g^glion (fig. 816) is a small, oval-shaped, flattened 
ganglion of a reddish-grey colour, situated immediately below the foramen 
ovale ; it lies on the medial surface of the mandibular nerve, and surrounds the* 
origin of the nerve to the Pterygoideus intemus. It is in relation, loderaUy, with, 
the trunk of the mandibular nerve at the point where the motor and sensory 
roots join ; medially^ with the cartilaginous part of the auditory tube^ and the 
origin of the Tensor veli palatini ; posteriorly i with the mid^e meningeal 
artery.' 

It is connected by two or three short filaments with the nerye .to the-Tte^- 
goideus intemus, from which it may obtain a mofpr, and posfflbl^r a sensfonr 
root. It communicates with the glossopharyngeal and faei^ hei^es^ 
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the le^er superficial petrosal nerve continued from the tympanic plexus, and 
‘ through this nerve may receive sensory fibres from the glossopharyngeal nerve 
’ and a mptor root from the facial’ nerve ; its sympathetic root consists of a 
•filament from the sympathetic plexus surrounding the middle meningeal 
artery. 

Branches , — A slender filament {a'pkenoidal) ascends from the ganglion to* 
the nerve of the pterygoid canal, and a small branch connects it with the chorda 
tympani nerve. Two or more branches run backwards and join the roots of 
the auriculotemporal nerve j these branches probably carry secretory fibres 
from the glossopharyngeal nerve to the parotid gland. A filament is suj^plied 
to the Tensor tympani muscle, and another to the Tensor veli palatini muscle. 
The former passes backwards, lateral to the auditory tube ; the latter arises^ 
from the ganglion, near the origin of the nerve to the Pterygoideus internus, 
and is directed forwards. The fibres of these nerves are,f^however, mainly 
derived from the nerve to the Pterygoideus internus. 


Fig. 816. — The otic ganglion and its branches. 



Submaxillary ganglion.— Tho submaxillary ganglion (fig. 813) is of small 
size and fusiform in shape. It is situated above the deep ]ioriion of the sub- 
maxillary gland, on tho Hyoglossus, near the posterior border of the Mylo- 
hyoideus. It is suspended from the lingual nerve by two filaments which 
join the anterior and posterior parts of the ganglion. Tlirough the posterior 
filament it receives a branch from the chorda tympani nerve Avhich runs in 
the sheath of the lingual. The ganglion communicates with the sym]>athetjc 
by filaments from the sympathetic plexus around the external maxillary 
(^iai) artery. 

Its branches are five or six in number ; they arise from the lower part of 
the ganglion, and supply the mucous membrane of the mouth, and the sub- 
maxillary g^and and its duct. Fibres pass through the branch connecting the 
lingual nerve to the fore part of the ganglion, and are conveyed to the sub- 
lingbal gland and the tongue. 

Applied Paralysis of the trigeminal nerve causes ansesthesia of the corre- 

sponding anterior half of the scalp, and of Sbe face (excepting oyer a small area near the 
angle of the mandible supplied by the cervical nerves), and of the cornea and conjunctiva, 
And of the mucot^ msmbrane of the nose, mouth, and tongue. Taste is lost {ageueia) 
oh the afiected side/ Paralysis and atrophy follow in the Temporalis, Masseter, and 
Pterygoideu possibly also in the Tensor tympani; when tho mouth is opened the mandible 
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is thrust over towards the paralysed side. Interference with the secretion of the tears, 
the juisal mucus, and the saliva, causes dryness of the corresponding mucous membranes. 
The sense of smell is gradually lost on the affected side from the trophic changes lliat 
follow iji the nasal mucous mcnibrnno. Inflammation of the eyeball, under thejse circum- 
yt{iiu'(*s known as neuroparalytic ophthalmia, is not rare, and is due to the dryness and 
insensitiveness of the conjunctiva ; it is not a ‘ trophic ’ phenomenon, but depends on the 
occurrence ancjj^cglcct of traumatic inflammation in the aruesthetic eye. 

Trigeminal name reflcxcis, — Pains referred to various branches of the trigeminal nervo 
arc of very frequent occurreiu-e, and should always lead to a careful examination in order 
to discover a local cause. As a general nile the diffusion of pain over the various branches 
of the nerve is at lirsb confined to one only of the main divisions, and the search for tho 
causative lesion should always comincnco with a thorough examination of all those parts 
which are supplied by that division; although in severe eases pain may radiate over tho 
])raachcs of the other main divisions. Tho commonest example of this condition is the 
neuralgia which is so often associated wdth dental caries — here, although tho tooth itself 
inay not appear to be jiainful, the most distressing referred pains may bo experienced, and 
these are at once relieved by treatment directed to the affected tooth. 

Many other examples of trigeminal reflexes could be quoted, but it will be sufficient 
to mention the more common ones. Dealing with the ophthalmic iicrvc, severe supra- 
orbital pain is commonly associated w'ith acuto glaucoma or with disease of the frontal 
or (‘tlimoidal air-cells. Malignant growths or empyema of the maxillary antrum, or 
unhealthy conditions about the inferior conchie or the septum of the nose, are often found 
giving rise to ‘ second division’ neuralgia, and should be always looked for in the absence! 
of dental disease in^tlie maxilla. 

It is on the mandibular nerve, how'cver, that some of tho most striking reflexes arc 
seen. It is quite common to meet with patients who complain of pain in the car, in 
whom there is no sign of aural disease, and the cause Is usually to be found in a t'arions 
tooth iTi tho mandible. Moreover, with an ulcer or cancer of the tongue, often the first 
pain to be experienced is one. which radiates to the ear and temporal fossa, over tlie 
distribution of the auriculotemporal nerve. 

Tho trigeminal nerve is often the seat of severe neuralgia for which no local cause <'an 
be discovered; each of the three divisions has been divided, or a portion of nerve excised 
for this affection, usually, however, with only temporary relief. The cupraorbital nervo 
’'may be exposed by malcing an incision 4 cm. in length along the snpr vorbital margin, 
below the eyebrow which is t<- be drawn upwards, the centre of the incision eorrespondiug 
to the supraorbital notch. Tlie skin and Orbioularis oculi having been divided, the 
nerve, can be easily found ernr ging froiii tho notch, and l^>ing in sor a' loose cellular 
tissue. 

Tlic infraorbital nerve has been divided at its exit by an incision on the chock ; or tho 
infraorbital canal can be injected with absolute alcohol ; or tlie whole nerve, together with 
the sphenopalatine ganglion as far back as tho foramen rotundum, may be removed, but 
oven then a return of the neuralgia in some other branches of tho trigeminal nerve is tho 
rule. Intracranial resecticn of the maxillary nerve betw'ccn the semilunar ganglion and 
the foramen rotundum is an aiiatomical po .jibility. 

Tlie inferior alveolar nervo can be reached by a transverse incision over the ramus of 
the mandible placed so as tc avoid injury to the facial nerve ; tho ]\rassctct having been 
divided, a small trephine is applied to the ramus immediately beneath the mandibular 
notch, and, when the bone has been removed, the nerve is found lying on the Pterygoideus 
intornus just as it enters tho mandibular foramen, and it can hero be resected. Tho 
lingual nerve is occasionally divided with the view of relieving tho pain in cancerous 
disease of tho tongue. This may be done in that part of its .course where it lies below and 
behind the last molar tooth. If a line be drawn from the middle of the crown of the last 
molar lr>oth to the angle of the mandible it will cross the nerve, which lies about 1*26 cm. 
behind the tooth, parallel to the bulging alveolar ridge on the inner side of the body of 
the bone. The tongue should be pulled forwards and over to the opposite side, when the 
nervo can be seen standing out as a firm cord under the mucous membrane by tho side of 
the tongue, and after division of the mucous membrane can bo easily seized with a hook 
and a portion excised. This is a simple enough operation on the cadaver, but when the 
disease is C3xtensive and has extended to the floor of the mouth, os is generally the case 
when the division is required, the operation is not practicable. 

In severe cases of neuralgia of the trigeminal nervo, tho semilunar ganglion has been 
removed in whole or in part with a considerable measure of success. Rose was the first 
to perfonn this operation ; and ho reached tho gangliofi by trephining the base of the skull 
in the position of the foramen ovale, after dividing the zygomatic arch, in front and. 
behind, and turning it and^the Masseter downwards, and cutting through the coronoid 
process of tho mandible, and turning it and the Temporalis upwards. A more efficient 
jnethod appears to be that known as the Krause-Hartley method. The bone forming the 
temporal fossa liaving been removed to a sufficient extent, the dura mater bene^h the 
temporal lobe of the brain is gradually raised from the middle fossa, until the fpramen 
spinosum, with the middle meningeal artery passing through it, is exposed. This vessel 
is to be ligatured in two places, and divided between the ligatures; and then by further 
raising the dura mater, the foramina ovale and rotundum will be exposed, with the man- 
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4ibular and maxillary nerves passing through them. These nerves are to be clearly 
atid divided. The dura mater is then to be raised from the ganglion , when the 
ophthalmic nerve will be exposed and can be divided, and the ganglion, by moans of a 
little Careful dissection, raised from its bed and removed. In some cases where the 
neuralgia has been limited to the maxillary nerve an intracranial resection of that nerve 


Fig. 817. — A diagram showing the cutaneous nerve-areas of tlu* face and scalp. 



alone has been performed with great success. In otlior cases wh(‘,rc tlie disease has not 
affected the ophthalmic division, resection of the lateral Jialf of the ganglion only, with the 
maxillary and mandibular nerves, has been performed, thus leaving the sensory nerve 
supply to the cornea intact. The motor root is usually resected with the mandibular 
nerve, leading to complete paralysis of the muscles of mastication on that side. 


Abducknt Nkrvk (fig. 812) 

The abducent nerve supplies the Rectus lateralis ocuii. 

Its fibres arise from a small nucleus situated in the upper part of the 
rhomboid fossa, close to the rauldle line and beneath the colliculus facialis. 
They pass downwards and forwards through the pons, and emerge in the 
fiUTOW between thedower border of the pons and the upper end of the pyramid 
of the medulla oblongata. 

From the nucleus of the abducent nerve, fibres pass through the medial 
longitudinal fasciculus to the oculomotor nerve of the opposite side, along 
which they are carried to the Rectus medialis. The Rectus lateralis of one 
eye and the Rectus medialis of the other may therefore be said to receive 
their nerves from the same nucleus (fig. 818 ). 

The nerve pierces the dura mater on the dorsum sella? of the sphenoid, 
runs through a notch in the bone below the posterior cliuoid process, and 
passes forwards through the cavernous sinus, on the lateral side of the internal 
carotid artery. It enters the orbit through the superior orbital fissure, above 
the ophthali^ vein» from which it is separated by a lamina of dura mater. 
It then passes between the two heads of the Rectus lateralis, and enters the 
oculeur surface of that muscle. 


O.A. 
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The abducent nei^e is joined by several filamenta from the carotid and 
cavernous plexuses, and by one from the ophthalmic nerve. 

The, oculomotor, trochlear, ophthalmic, and abducent nerves bear certain 
relations to each other in the cavernous sinus, at the superior orbital fissure, 
and in the cavity of the orbit, as follows. 

In the cammfm sinus (fig. 819), the oculomotor, trochlear, and ophthaJmie 
nerves are p^‘tajed in the lateral wall of the esnus, in the order given, from above 
downwards ; tKfe abducent nerve lies at the lateral side of the internal carotid 
artery. As these nervous pass forwards to the superior orbital fissure, the - 


Fig. 818. — A iigure showing tho 
mode of innervation of the Rec- 
tus medialis and Rectus lateralis 
of the eye (after Duval and 
Laborde). (Testut.) 


Fig. 819.— An oblique section through the 
right cavernous sinus. 


Internal carotid artery 
Cavernous sinus 



Ocnloniotor nerve 
Trochlear nerve^ 

Ophthalmic nerve 
Abducent nerve 


Maxillary nerve 



oculomotor and ophthalmic divide into 
branches, and the abducent nerve ap- 
proaches tho others ; so that theii relative 
poF^ions are considerably changed. 

In the superior orbital fissure (fig 820), 
the trochlear nerve and the frontal and 
lacrimal divisions of the ophthalmic nerve 
lie in this order from the medial to the lateral 
side upon the same plane ; they enter the 
cavitv of the orbit above the musoles. 
Thu remaining nerves enter the orbit 
between the two heads of the Rectus 
lateralis. The' sujperior division of the 
oculomotor nerve is the highest of these ; 
beneath this lies the nasociliary branch of 
the ophthalmic nerve ; then the inferior 
division of the oculomotor nerve ; and the 
abducent nerve lowest of all. 

In the orbit (fig. 811) the trochlear, frontal, 
and lacrimal nerves lie immediately beneath 
the periosteum, the trochlear nerve resting 
on the Obliquus superior, the frontal on 
tho Levator palmbrss superioris, and* the 
lacrimal on the Rectus lateralis. The superior division of the oculomotor , 
nerve lies immediately beneath the Rectus superior, while the nasooiliary 
nerve crosses the optic nerve to reach the medial wall of the orbit. BmeAtn 
these is the optic nerve, surrounded anteriorly by the ciliary nerves, and having 
the ciliary ganglion on its lateral side between it and the Rectus laterals! 
Below the optic nerve the inferior division of the oculomotor nerye^ aetd 
the abducent nerve, the latter lying on the medial surface of the Beotiis 
lateralis. 


a. Left eyeball, b. Bight eyeball, 1. 
AectUB latecalie. 2. llectuH medlalis. 
3. Bhomboid fossa. 4. Nucleus of abducent 
nerve. 6. Nucleus of oculomotor nerve. 
6. Abducent nerve. 7. Nerve to Bectus 
medians arising from the nucleus of the 
oculomotor of the same side. 7'. Nerve to 
Bectus medlalis arising from the nucleus 
of the abducent of tho opposite side. 
3. Decussation of the fibres of the abducent 
nerve to the Bectus medlalis. 
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to ^6 at the Bectus lateralis oouU, often a eertain amount of oontnetioa of the 

pupil, because some of the sympathetic fibres to the Dilatator pupilla muscle are con- 
veyed through ihis nerve. 


Faciai. Nbbve (figs. 821, 823) 

The facial nenre consists of a motor and a sensory part, the latter being 
frequently described under the name of the nervus intennediua of Wriaberg 
(%. 821). l^e two parts appear at the lower border of the pons in the recess 


Pio. 820 .— A dissection showing the origins of the right ocular muscles, and the 
nerves entering the orbit tlirough the superior orbital fissure. 


Sup» ramui of ooMlomotor neroe 
Su/p. ofhitaX jiiiurc 
Lacrimal nerve ' 


Levator palpehra euperiorie 
Frontal nerve [ JVaeoeiliarp nerve 


Abducent nerve 


Inf. ramus of oculomotor 
nerve 


Trochlear nerve 
Trochlea 



Inf. orbital 
fiamre 


Optic foramen 


between the olive and the restiform body, the motor part being the more 
medial ; immediately to the lateral side of the sensory part is the ocoustio 
nerve. 

The motor part supplies the muscles of the face, scalp, and auricula, the 
Bucoinator and Platysma, the Stapedius, the Stylohyoideus, and posterior 
belly of the Digastricus ; it also contains some nbres which constitute the 
vasodilator and secretory nerves of the submaxillary and sublingual glands, 
4ind are conveyed to these glands through the chorda tympani nerve. The 
sensoijr part contains the fibres of taste for the anterior two-thirds of the 
tongueu , 

The motor root arises from a nucleus which lies deeply in the reticular 
forihation of the lower part of the pons. This nucleus is situated above the 
nitSioietis. ambitus, behind the superior olivary nucleus, and medially to the 
'B’pin&l tr^t of the trigeminal nerve. From this origin the fibres pursue a 
ouririsd In the ^nbstance of the pons. They fimt pass backwards and 

reaching the posterior end of the nucleus of the abducent 
nerve, mn upwai^ close to the middle line beneath the colliculus facialis. 
At the entsidor end of the nucleus of the abducent nerve they make a secc^ 
bendp. run downw&rdil and forwards through the pons to their point of 
^emergence between the olive and the restiform t^y. 

, j^hie from the nuioIeaB of t^e oculomotor nerve are said to descend 
in mea^M fasciculus and join the motor root of the faci^ 

nerve befof^ it leaves the pms. These fibres are said to supply the Orbicularis 
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oouli, Gorrugator, and Frontalis, since these muscles have been observed to 
escape paralysis in lesions of the motor nuoleus of the facial nerve.* 

The sensory root arises from the genicular ganglion, which is situated on 
the geniculum of the facial nerve in the facial canal of the temporal bone. The 
cells of this ganglion are unipolar, and their single processes divide in a T-shaped 
manner into j^tral and peripheral branches. The central branches leave the 
trimk of the f^al nerve in the internal acoustic meatus, and form the sensory 
root of the nerve ; the peripheral branches are continued into the chorda tympani 
and greater superficial petrosal nerves. Entering the brain at the lower border 
of the pons between the motor root and the acoustic nerve, the fibres of the 
sensory root of the facial nerve pass into the substance of the medulla oblongata 


Fia. 821. — A plan of the facial nerve. The course of the sensory fibres is 
represented by the blue lines. 



and end in the upper part of the terminal nucleus of the glossopharyngeal 
nerve and in the nerve-cells of the fasciculus solitarius (nucleus Cactus 
solitarius). 

From their attachments to the brain, the two roots of the facial nerve pass 
lateralwards and forwards with the acoustic nerve to the opening of the internal 
acoustic meatus. In the meatus the motor root lies in a groove on the upper 
and anterior surface of the acoustic nerve, the sensory root being placed between 
them. 

At the bottom of the meatus, the facial nerve enters the facial canal, which 
it traverses to its termination at the stylomastoid foramen. It is at first 
directed lateralwards over the vestibule, and reaching the medial wall of the 
epitympanic recess, it bends suddenly backwards and arches downwards 
behind the tympanic cavity to the stylomastoid foramen. The point where 
it bends suddenly baokwaids is named the gemqnhm ; it {xretents a reddish 
^gaugUform swelling, the genicular ganglion^ or nucleus of the sensory root o£ 

♦ See footnote, p. 790. 
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the nerve (fig. 822). On emerging from the stylomastoid foramen, the facial 
nerve runs forwards in the substance of the parotid gland, crosses the styloid 
process and the external carotid artery, and divides behind the ramus of the 


Fig. 822. — The course and connexions of the facial nerve in the temporal bone. 



mandible into branches which form a network (parotid j^leocus) and are distributed 
to the superficial muscles on the side of the head, face, and upper part of the 
neck. 

The branches of communication of the facial nerve may be arranged as 
follows : 


In the internal acoustic 
meatus 


At the genicular ganglion 


In the facial canal 
At its exit from the stylo- 
mastoid foramen 
Behind the ear 
On the face . 

In the neck . 


With the acoustic nerve. 

With sphenopalatine ganglion by the 
greater superficial petrosal nerve. 

With the otic ganglion by a branch which 
joins the lesser superficial petrosal 
nerve. 

With the sympathetic plexus on the middle 
meningeal artery. 

With the auricular branch of the vagus nerve. 
/With the glossopharyngeal, vagus, great 
\ auricular, and auriculotemporal nerves. 

With the lesser occipital nerve. 

With the trigeminal nerve. 

With the cutaneous cervical nerve. 


In the internal acoustic meatus some minute filaments pass from ^he facial 
nerve to the acoustic nerve. 

The greater superficial petrosal nerve arises from the genicu'ar ganglion of 
the facial nerve, and consists chiefly of sensory branches which are distributed 
to the mucous membrane of the soft palate ; but it probably contains a few 
motor fibres which form the motor root of the sphenopalatine ganglion. It 
passes forwards through the hiatus of the facial canal, and runs in a sulcus on 
the anterior surface of the petrous portion of the temporal bone beneath the 
semilunar ganglion, to the foramen lacerum. It receives a twig from the 
tympanic plexus, and in the foramen is joined by the deep petrosal nerve 
from the sympathetic plexus on the internal carotid artery, to form the nerve 
of the pterygoid canal which passes forwards through the pterygoid canal 
and ends in the sphenopalatine ganglion. The genicular ganglion of the facial 
nerve is connects with the otic ganglion by a branch which joins the lesser 
superficial petrosal nerve, and also with the sympathetic filaments accompanying 
the middle meningeal artery. According to Arnold, a twig passes back from 
the gangHon to the acoustic nerve. Just before the facial nerve emerttes 
from the stylomastoid foramen, it generally receives a twig from the auriemar 
branch of the vagus. 

After its exit from the stylomastoid foramen, the facial nerve sends a twig 
to. the j^ossopharyngeal nerve, and communicates with the auricular branch 
of the Vagus nerve^ with the great auricular nerve of the cervical plexus, with 
the auriculotempoi^ nerve the parotid gland, with the lesser ocoij^tal 
nerve behind the eary ynth the terminal branches of the trigeminal nerve on 
the face, and with the cutaneous cervical nerye in the neck. 
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^ The branches ofdiitnbutim (figs. 821^ 823) of the facial lieiTe i&ay 
arranged : 


Within the facial canal 

At its exit from the stylo- 
ma^’boid foramen 


On the face 


f Nerve to the Stapedius muscle. 
^Chorda tyinpani. 

I Posterior auricular. 

Digastric* 

Stylohyoid. 

Temporal. 

Zygomatic. 

Buccaf. 

Mandibular. 

Cervical. 


The nerve to the Stapedius arises opposite the pyramidal eminence on 
the posterior wall of the tympanic cavity (p. 987) ; it passes forwards through 
a small canal to reach the muscle. 

The chorda tympani nerve is given off from the facial nerve about 6 mm. 
above the stylomastoid foramen. It runs upwards and forwards in a canal, and 
enters the tympanic cavity through an aperture (iter chordos ^osterius) on its 
posterior wall, close to the posterior border of the medial surface of the tympanic 
membrane and on a level with the upper end of the manubrium of the malleus. 
It traverses the tympanic cavity, between the fibrous and mucous layers of the 
tympanic membrane, crosses the manubrium of the m ilieus, and leaves the cavity 
through a foramen situated at the inner end of the /.Otrotympanic fissure, and 
named the iterchordce anteritis, or canal ofHuguier, It runs downwards and for- 
wards between the Pterygoidei extemus and internus on the medial surface of the 
spina angularis of the sphenoid (which it sometimes grooves) and on the medial 
surface of the Pterygoideus extemus, where it joins, at an acute angle, the 
posterior border of the lingual nerve. It contains a few efferent fibres which 
enter the submaxillary ganglion, and through it are distributed to the sub- 
maxillary and sublinguai glands *, the majority of the fibios are afferent, and 
are continued onwards through the muscular substance of the tongue to the 
mucous membrane covering its anterior tw'o-thirds ; they constitute tho nerve 
of taste for this portion of th( tongue. Before uniting with the lingual nerve 
the ohorda tympani is joined by a small branch from the otic ganglion. 

The posterior auricular nerve arises close to the stylomastoid foramen, 
and runs upwards in front of the mastoid process ; here it is joined by a filament 
from the auricular branch of the vf^s nerve, and communicates with the 
I)Osterioii; branch of the great auricular nerve, and with the lesser occipital 
nerve. As it ascends between the external acoustic meatus and mastoid 
process it divides into an auricular and an occipital branch. The auricular 
branch supplies the Auricularis posterior and the intrinsic muscles on Uie 
cranial surface of the auricula. The occipital branch, the larger, passes back- 
wards along the superior nuchal line of the occipital bone, and supplies the 
Occipitalis. 

llie digastric branch arises close to the stylomastoid foramen, and divides 
into several filaments which supply the posterior belly of the Digastrious \ 
one of these filaments joins the glossojpharyngeal nerve. 

The s^lohyoid branch frequently arises in conjunction with the* digastric 
branch ; it is long anid slender, and enters the Stylohyoideus about its middle. 

The temporal branches cross the zygomatic arch to the tempcnral regi^. 
They supply the Auricularis anterior cmd Auricularis superior, and join with 
the zygomaticotemporal branch of the maxillary nervO, and with tho amiculo^ 
temporal branch of the mandibular nerve. The more anterior branches supply 
the Frontalis, the Orbicularis, oculi, and the Ooirugator, and join the Supana* 
orbital and lacrimal branches of the ophthalmia nerve. 

The zvgomatic branches run across -the zygomatm bone to ihe latedirt 
angle of the orbit ; they supply the Orbicularis oculi, and join with 
of the lacrimal nerve and the zygomaticofacial bratoh of the maxillary \ . 

The buccal branches pass hoiizontaJIy forwards to be diatribttted' , 
the orbit and around the mouth. / The snmrjMal 
skin and above the superficial musdes of tne faee^ wlu&h 
are distribilted to the noc&mt, job^ng at ’ 
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jh^tofra^hlear and anterior ethmoidal nerves. The deep bnmehea pass 
^ Zygol3[latJ<^us and the Quadratus labii superioris, supplyiiur them 
a^oi^ mfr^bital plexus with the superior lateral braSsof the 

branches also supply the small muscles of the nose. 

Buccinator and Orbicularis oris, and 
j filamente of the buccinator branch of the mandibular nerve. 

K ^ branch (ramus marginalia mandibules) passes forwards 

eneatn the Platysma and Triangularis, supplies the muscles of the lower lip 


Fig. 823, The nerves of the scalp, face, and side of neck. 



and ofain» and communicates with the mental branch of the infciior alveolar 
neiHre. 

/^e cei^cal branch (ramus colli) runs forwards beneath the Platysma 
acrpss tile of the neck over the suprahyoid region. It supplies the Platysma 
«and ciommmm with the cervical cutaneous nerve. 

4^Ue4 Anatomy, palsy is commonly unilateral, and may be either : (1) jperi. 
i^m lesion of the facial nerve ; (2) nuclear from destruction of the facial nucleus ; 
c^rebrdlf ox supranueUar, from injury in the brain to the fibres passing 
Ito^ the Ci^rtex t^e internal capsule to the facial nucleus, or from injury to the. 

.faee^area ot th^ ipotdf cortex itiself. In supranuclear facial paralysis, wl^ch is usually 
put Cf a is the lower part of the face that is chiefiy affected, while' tbe 

; m^ead ^ be firmly: .^p^hled on the palsied 8ide» the eye can be clos^ fairly weU, and 
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tho eyeball is not rolled up under the upper lid ; .eznotipnal movements of the face are 
much better executed than voluntary; and the electrical reactions of the muscles on the 
ejected side are not altered. If the paralysis is due to lesion of the facial nucleus, the 
Orbicularis oris escapes, as the nuclear origin of the nerve to this muscle seems to be con- 
nected with that of the tongue-nerves ; otherwise the symptoms are identical with ^ose 
of the common peripheral facial palsy, of which several types may be distinguished 
according to th^point in its course at which the facial nerve is injured. If the^ lesion 
occurs (<0 in the pons, facial paralysis is produced as in (d) below; taste and hearii^ are 
not affected, but the abducent nerve also will be paralysed because the fibres of the facial 
nerve loop round its nucleus in the pons. When the nerve is paralysed (b) in the petrous 
bone, in addition to the paralysis of the muscles of expression, there is loss of taste in the 
anterior part of the tongue, and tho patient is unable, from involvement of the chorda 
tympani, to recognise the difference between bitters and sweets, acids and salines. The 
mouth is dry, because the salivary glands are not secreting^ and the sense of hearing is 
affected from paralysis of the Stapedius. When the cause of the paralysis is (c) fracture 
of the base of the skull, the acoustic and petrosal nerves are usually involved. But by 
far the commonest cause of facial palsy is (d) e^^osure of the nerve to cold or injury at or 
after its exit from the stylomastoid foramen (Beirs paralysis). In these cases the face 
looks asymmetrical even when at rest, and more so in the old than in the young. The 
affected side of Lhe face and forehead remains motionless when voluntary or emotional 
movement is attempted. The lines on the forehead are smoothed out, the eye can be 
shut only by hand, tears fail to enter the lacrimal punota because they are no longer in 
contact with the conjunctiva, the conjunctival reflex is absent, and effoi^s to close the eye 
merely cause tho eyeball to roll upwards until the cornea lies under the upper lid. The 
tip of the nose is drawn over towards the sound side; the nasolabial fold is partially 
obliterated on the affected side, and tho ala nasi does not *no/e properly on respiration. 
Tho lips remain in contact on the paralysed side, and cannot be put together for whistling; 
when a smile is attempted the angle of the mouth is drawn up on the unaffected side ; on 
the affected side the lips remain nearly closed, and the mouth assumes a characteristio 
triangular form. During mastication food accrmulates in the cheek, from paralysis of 
the Buccinator, and d^'lbbles or is pushed out from between the paralysed lips. On pro- 
trusion the tongue seems to be thrust over towards the palsied side, but verification of its 
position by reference to the incisor teeth will show that this is not really sc. The Platysma 
and the muscles of tho auricula are paralysed; in severe cases the articulation of labials 
is impaired. The electrical reactions of the affected muscles are altered (reaction of 
degeneration), and the degree to which this alteration has taken place after a week or 
ten days gives a valuable guid' to the prognosis. Most cases of Bell s palsy recover 
conmletely. 

The facial nerve is at fault in ^.ascs of so-called ' liistrionic spasin,* which consists in 
an almost constant and uncontrollable twitching of some or all of the muscles of the face. 
This twitching is sometimes so severe as to cause great discomfort and annoyance to the 

? atient, and to interfere with sleep, and for its relief the facial nerve has been stretched. 

'ho operation is perfonned by making an incision behind the ear, from the root of the 
mastoid process to the angle of tho manrijle. ^'he parotid is turned forwards and the 
dissection carried along the anterior border of the Stomocleidomastoideus and mastoid 
process, until the upper border of the posterior belly of the Digastricus is found. The 
nerve is parallel to this on about the level of the middle of tho mastoid process. When 
found, the nerve must be stretched by passing a blunt hook beneath it and pulling it 
forwards and outwards. Too great force must not bo used, for fear of permanent injury 
to the nervei 


Acoustic Nkbvb 

The acoustic nerve appears in the groove between the pons and medulla, 
behind the facial nerve and in front of the restiform body ; it is distributed 
exclusively to the int^nal ear. It consists of two sets of fibres, which, although 
differing in their central coniieidons, are both concerned in the transmission 
of afferent impulses from the internal ear to the medulla obloiigata oiid pons, 
and from there, by means of fibres which arise from collections of grey substance 
in these structures, to the cerebrum and cerebellum. One set of fibres forms 
the vestibular nerve, and arises from the cells of the vestibular ganglion situated 
in the internal acoustic meatus ; the other set constitutes the cochlear nerve,, 
and takes origin from the cells of the spiral ganglion of the cochlea. Both 
nerve-ganglia consist of bipolar nerve-celis, and from each cell a central* fibre 
passes to the brain, and a x>eripheral fibre to the internal ear. 

Vestihilar nerve (fig. 824). — ^The fibres of the vestibular nerve enter the 
brain medially to, and on a higher level than, those of the coehlear nerve. They 
pass backwaras through the pons between the r^tiform body and the i^inal 
tract of the trigeminal nerve and divide into ascending descending I>r«mbhes 
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wbioh mostly end in the vestibular nuclei. These nuclei consist of : (1) The 
9nea%al or dUef Hwkua, situated in the area acustica of the rhomboid fossa : this 
nucleus is triangular on transverse section and is crossed dorsally by the striae 
medullares (striae acusticaa) ; the doumward prolongation of the medial nucleus 
constitutes (2) the descending or spinal nwleus. (3) The lateral micleus (nucleus 
of Deiters), and (4) the superior nucleus (nucleus of Beohterew) lie close to 
the restiform body, and the former contains large multipolar cells. The 
descending branches of the vestibular nerve end around the cells of the medial 
and spinal nuclei and constitute the ^inal root of the nerve. An impctrtant 
strand of descending fibres, the vestibulospinal fasciculus, springs from the 
cells of Deiters’ nucleus and runs downwards in the anterior funiculus of the 


medulla spinalis (p. 755) ; 
it probably conveys im- 
puli^ to the motor cells of 
the medulla spinalis. Most 
of the ascending fibres end 
in the vestib^ar nuclei, 
but some pass directly to 
the roof laucleus (nucleus 
fastigii) and cortex of the 
opposite side of the cere- 
beUum : these direct fibres 
are accompanied by others 
which originate in the cells 
of the vestibular nuclei. 
From the cells of the vesti- 
bular nuclei fibres ascend 
in the medial longitudinal 
fasciculus and end in the 
nuclei of the oculomotor, 
trochlear and abducent 
nerves, while others pro- 
bably reach the thalamus 


Fio. 824. — The terminal nuclei of the vestibular 
nerve. (Schematic.) (Testut.) 

VI T?. 



through the lateral lem- 
discus. 

Cochlear nerve (fig. 826). 
— ^The cochlear nerve is 

K i laterally to the vesti- 
nerve. Its fibres end 


1. Cochl«ar nerve. 2, Accessory cochlear nucleus. 3, Lateral 
<K>chleaT nucleus. 4. Vestibular nerve. r>. Medial or chief vesti- 
bular nucleus. 6. Nucleus of Deiters. 7. Nucleus of Bechterew. 
8. Descending fibres of vestibular nerve. 9. Fibres passing to 
cerebellum. 10. Fibres going to raphe. 11. Fibres taking an 
oblique course. 12. Lemniscus. 13. Spinal tract of trigeminal. 
14. Cerebrospinal fasciculus. 15. Ranhe. 10. Fourth ventricle. 
17. Restiform body. 18. Origin of siriec mednllares. 


in two nuclei : one, the 

accessory cochlear nucleus^ lies in front of the restiform body ; the other, the 
lateral cochlear nucleus^ on the lateral side of the restiform body. 

The striao medullares (striae acusticae) are the axons of cell? of the lateral 
cochlea" nucleus. They pass over the restiform body, and across the rhomboid 
fossa to the median sulcus. Here they dip into the substance of the pons, 
to end around the cells of the superior olivary nuclei of both sides. There 
are, however, other fibres, and these are both direct and crossed, which pass 
into the lateral lemniscus. The cells of the accessory cochlear nucleus give 
origin to fibres which run transversely in the pons and constitute the trapezium ; 
some of these fibres end around the cells of the superior olivary nucleus or of tho 
trapezoid nucleus of the same or opposite side, while others, crossed or uncrossed, 
pass directly into the lateral lemniscus. 

If the further oonnexiohs of the cochlear nerve of one side, say the left, 
be considered, it is found that they lie lateral to the main sensory tract, the 
lemniscus, and are thei^ore termed the lateral lemniscus. The fibres oom- 
paiaiDg the left lateral, lemniscus arise in the siiperio' olivary and trapezoid 
nuclei of the same or opposite side, while others are the uninterrupted^ fibres 
ahrcMkdy alluded to, and these are either crossed or uncrossed, the former being 
the axons of the cells of the right accessory and right lateral nuclei, while the 
latter deiiyed from the celb of the left nuclei. In the upper part of the 
lateral lehmisoas there is a collection of nerve-cells, the nucleus of (h^ kUeral 
l^mnisciM^ around ;the cells of wUch some of the fibres arborise, and irom the 
cells original continued upwards into the trect of 
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the lateral lenmhiciu. The ultimate endipe of tilie lateral Imhhiwtts 'is 
in the medial genidukte body, and partfy in the inferior edlk^. 
the cdle of these bodies new nbr^ arise and ascend in the ocoipitol part 
the internal oapsole to reach the posterior three-fifths of the sup^or t^portl 
gyms and the transverse temporal gyri. » ■ 

'^e acoustic, nerve containB a few efferent fibres which arise in the quadri- 
geminal bodr”^, the nucleus of the lateral lemniscus, the superior olivaiy, and 
trapezoid huoler^ « 


Fio. 825. — Tlic terminal nuclei of the cochlear nerve. (Schematic.) i(Te8tut.). 


6 14 U 6 



The vestibular nerve witJi ite termiiiul ituelei and tlielr efferent fibres liav*^ suppressed. On 
the other hand, In order not to obscure t he traMzeii body, the efferent fibres ot the tetminal nuclei on 
the right side have been resected in a oonriderable portion of * heir extent. The trapezoid body, there- 
fore, sliowB only one-half of its fibres, viz. those which come from the left. 

1. Vestibular nerve, divided at its entrance into the medulla obloimata. 2. Coohlear nerve. 
3. Ventral or accessory epehlear iiucleus. 4. Later..! coohlear nucleus. 5. Efferent fibres of acoessory 
cochlear nucleus. 0. Efferent fibres of late "ri cochlear nucleus, forming tho strlm medullares, with 6% 
their direct bundle going to the oU()erior olivary nucleus of the same side , 6', their decussating bimdles 
ming to the supbrior olivary nucluus of the oppof^H filde. fi Superior olivary nucleus. 8. Trapezoid 
body. 0. Trapezoid nucleus. 10. >iitral acoustic tract (lateral lemniscus). 11 Baphe. 12. Cerebro- 
spinal fasciculus. 13. Fourth ventricle. 14, Bestiform body. 


The acoustic nerve is soft in texture, and destitute of neurolemma. Alter 
leaving the medulla oblongata it passes forwards across the posterior border 
of the brachium pontis, in company with the facial nerve, from which it is 
partially separated by the internal auditory artery. It theu enters the intSmal 
acoustic meatus with the facial nerve. At the bottom of the meatus it receives 
one or two filaments from the facial nerve, and divides into its two branch^, 
cochlear and vestibular distribution of which will be described witb/tbS 
anatomy of the internal ear. 

Applied Anatomy , — The acoustic nerve is frequently injured, together with: the facial 
nerve, in fracture of the middle fossa of the base of the skull implicating the mt^mal 
acoustic meatus. The nerve may be either tom across, producing permanent deafness^ . 
or it may be bruised or pressed upon by extravasated blood or innaniinstory mnida^on^ 
wh^ the deafness will in all probability be temporary. The nerte niay ako 
by violent blows on the head without any fixture of the bones of the shutt 
and deafness may arise from loud expbsiohs from dynamite, &o., pmbabfy 
lesion of this nerve, which is more liable to be injured than the other cerebral 
account of its structure. * Nerve-deahiess, ' as cemtrasted with deafn^ due 
in the middle ear or meatus, is suggested if (1) a sounding tuning-foA placed 
middle-line of the head is heard better (Weber'^s test) by the unaSeeted eat;: ot 
sounding tuning-fork is heard longer when held before tiba^alEected ear 
than wh^ it is stood on the oorr^ponding mastoid .{^beme oonddotiim; 
if (8) Ibe sounding tuning-fork applied to tiie Vertex or masMd br^beardvb^^l^ 

^the air ih^pisatuslB compress^ by the use of " w 
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• .^n»Sg.foi(k placed on the mastoid is heard lot a shorter time than its sound 

^ ^ normal indiviaual (BOTidence that bone conduction is diminished ^ 
^bwabacn s test). It must be remembered that all4hese tests are liable to anomalies 
and es^epraoiUs, and are not applicable to old people. If, however, concordant results 
5^ tests of Weber, Rinne, and OeUd, Be'zold*8 ‘ triad of symptoms, ' nerve- 
rather than deafness due to disease of the conducting structures, is rendered 
mghijr probable. 

Ttnp^itug aufiumi or the hearing of soimds in the ear that have no objective cause 
body, is said ta be present in as many as sixty per cent, of cases of ear disease 
oi all so^,. and is comzAnest in disease of the labvrintli or of the nerve. It is very 
variabla in -intensity ; the worst forms are purely subjective and duo to irritation of the 
nerve itself. The sounds heard are of the most varied nature — ^buzzing, hissing, whist- 
ling, rushing, bell-ringing, and so forth — ^and may occupy the patient's attention so 
domple^y that he is no longer able to attend to his business; he may even commit 
suicide in order to escape from them. In* the insane, tinnitus is associated with delusions 
and. hallucinations of hearing ; cases of insanity have even been recorded in which oufe 
Was effected by the removal of cerumen impacted in the meatus and giving rise to 
persistent tinnitus. 


trLOSSOPHABYiiiGKAL Nebvk (figs. 826, 827, 828) 

The glossopharyngeal nerve contains motor and sensory fibres, and 
is distributed, as its name implies, to the tongue and pharynx. It is the nerve 
of or^ary sensation to the mucous membrane of the pharynx, fauces, and 
palatine tonsil, and the nerve of taste to the posterior part of the tongue. It 
is attached by three or four filaments to the upper part of the medulla obloz^ata, 
in the groove between the olive and the restiform body. 

The sensory fibres arise from the cells of the superior and petrous ganglia, 
which are situated on the trunk of the nerve, and will be presently described. 
When traced into the medulla, some of the sensory fibres end by arborising 
around the cells of the upper part of a nucleus which lies beneath the ala cinerea 
in the lower part of the rhomboid fossa. Most of them, however, contribute 
to form a strand, named th^ fascimlua solitarius, which descends in the medulla 
oblongata. Associated with this strand are numerous nerve>cells (nucleus 
tractus solitarii) and around these cells the fibres of the fasciculus end. 

The motor fibres spring from the colls pf the nucle%Ls which lies 

some distance from the surface of the rhomboid fossa in the lateral part of the 
medulla and is continuous below with the anterior grey cojtumn of the medulla 
spinaUs. From this nucleus the fibres are first directcd\backwards towards 
the rhomboid fossa, and then forwards and laieralwards to join with the fibres 


ojUhe sensory root 

^The nucleus ambiguus gives origin to the motor branches of the glosso- 
pharyngeal and vagus nerves, and to the cerebral part of the accessory nerve. ^ 
!EVom the medulla oblongata, the glossopharyngeal nerve passes lateralwaras v 
across the flocculus of the cerebellum, and leaves the skull through the central < 
part of the jugular foramen laterally to and in front of the vagus and accessory 
nerves and in a separate sheath of dura mater (fig. 827 ). In it^ passage' through 
the jugular foramen, it grooves the lower border of the petrous part of tb« 
temporal bone, and, at its exit from the skull, passes forwards between the* 
inteimal jugular vein and internal carotid artery ; it descends in front of 
the latter vessel, and beneath the styloid process ana the muscles connected 
with to the lower border of the Siylopharyngeus. It then curves forwards, 
an orob on the side of the neck and lying upon the Stylpphar^i^us 
and (!!oostrictor pharyngts medius. Thence it passes under cover of the Hyo- 
and is finally distribu^ to the palatine tonsil, the mucous membrane 
i^d of tbc ^ngue, and the mucous glands of the mouth. 

^ inajMeriorii^ the petrous, are situate on that portion of the 
the jugialax fmamen (fig. 826). 

SUIttricnr ff^mgliOti Qu^lar ganglion) is situated in the upper pa^ of ' 
tbe irwve in W the nerve ii^ lodged during its passage through the jugular 
It is very siiftall, and is usually regarded as a detached pc^ion 

j ; than the superior ganglion and it situat^ 

in petrous portion of Die temporal^ 
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. — The gloBsoph(iryngeal nerve communicatee 
witn the sympathetic trunk aiid with the vagus and facial nerves. 

The petrous ganglion is connected by a filament with the superior cervical 
ganglion of the sympathetic. The branches to the vagus consist of two filaments 
which arise from the petrous ganglion ; one passes to the auricular branch, imd 
the other to the jugular ganglion of the vagus. The branch of communication 
with the far^^ Srrises from the trunk of the glossophaiyngeal nerve below 
the petrous gaUj^ion ; it perforates the posterior bell)||of the Digastricus and 
joins the facial nerve near the stylomastoid foramen. 

The branches of distribution of the glossopharyngeal are : tympanic, carotid, 
pharyngeal, muscular, tonsillar, and lingual. 

Tne tympanic nerve (Jacobson’s nerve) arises from the petrous ganglion 
of the glossopharyngeal nerve, and ascends to the tympanic cavity through 
the inferior tympanic canaliculus (p. 208). In the tympanic cavity it divides 

Fio. 826 , — A plan of the upper portions of the glossopharyngeal, vagus, and 

accessory nerves. 


Aur tea tar 



into branches which form the tympanic plexus and are contained in grooves 
upon the surface of the promontory. This plexus gives off : (1) the 
superficial petrosal nerve ; (2) a branch to join the greater superficial petrosal 
nerve ; and (3) branches to the tympanic cavity, all of M^hich will be described 
in connexion with the anatomy of the middle ear. 

The carotid branches descend along the trunk of the internal carotid 
artery as far as its origin, communicating with the pharyngeal brsmch of the 
vague, and with branches of the sympathetic. 

The phsuyngeal branches are three or four filaments which unite, opposite 
the Constrictor pharyngis medius, with the pharyngeal branches of th^ vagus 
and the laryngopharyngeal branches of the sympathetic trunk to fom the 
pharyngeal plexus ; branches from this plexus penorate the musculmr coat of 
the pharynx and supply its muscles and mucous membrane. . . 

The muscular branch is distributed to the Stylopharyngeua.,, 

The tonsillar branches supply the palatine tonsil^ and form wound it a 
pleims with branches of the middle and posterior palatine nerves ; ttbm this 
plexus filaments are distributed to the soft palate and fauces. , . 

'Hie lingual branches are two in number : one supplies the papillis yallatte 
and the mucous membrane covering the base of the tongue ; the otW sapphes 
the mucous membrane and follicular glands of the posteriw part of the fomgue, 
^ and communicates with the lingual nerve. ■ , ; ‘ 
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Vagus Nerve (figs. 826, 827, 828) 


The vag^S nerve is composed of motor and sensory fibres, and has a more 
extensive course and distribution than any of the other cerebral nerves, since 
it passes through the neck and thorax to the abdomen. 

The vagus nerve is attached by eight or ton filaments to the medulla 
oblongata in the groovg between the olive and the restiform body, below the 
glossopharyngeal nerve. The sensory fibres arise from the cells of the jugular 


Fig. 827. — The upper part of the medulla spinalis, and the hind- and mid-brains; 

exposed from behind. 
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in front (fig. 827). In' this situation the vagus nerve presents a welI>i^{Eed 
ganglionic enlargement, which is called the juffuJar ganglion (ganglion of tile 
root) ; to it the accessory nerve is connected by one or two filaments. Alter 
its exit from the jugular foramen the vagus nerve is joined by the oerebral 
portion of the accessory nerve, and enlarges into a second gangluorm swClHng, 
called the ganglion nodosum (ganglion of the trunk) ; through this the fibres 
of the cerebrrf-’^portion of the accessory nerve pass without interruption/being 
principally disti^uted to the phar 3 nngeal and superior lar 3 mgeal branches 
of the vagu;^ nerve, but some of its fibres descend in the trunk of the vagus 
nerve, to be distributed Avith the recurrent nerve and probably also with the 
cardiac nerves. 

The vagus nerve passes vertically down the neck within the carotid sheath, 
lying between the internal jugular vein and internal carotid artery as far as 
the upper border of the thyreoid cartilage, and then between the same vein 
and the common carotid artery to the root of the neck. The further course 
of the nerve differs on the two sides of the body. 

On the right side, the nerve passes across the first part of the subclavian 
artery, between it and the right innominate vein, and descends by the side of 
the trachea to the back of the root of the lung, .where it spreads out in the 
posterior pulmoimry plexus. Prom the lower part of this plexus two cords 
descend on the oosophagus, and divide to form, with branches from the left 
nerve, the msophageal plexus. Below, tiiese branches are collected into a 
single cord, which runs along the back of the oesophrtgys, enters the abdomen, 
and is distributed to the postero-inferior surface of stomach, joining the 
left side of the coeliac plexus, and sending filaments to the lienal (splenic) 
plexus . . 

On the left side^ the nerve enters the thorax between the left carotid and 
subclavian arteries, oehind the left innominate vein. It crosses the left side 
of the arch of the aorta, and descends behind the root of the left lung, forming 
there the posterior pulmonary plexus. From this it runs along the anterior 
surface of the oesophagus, vvhere it unites with branches of the right nerve in 
the oesophageal plexus, and is continued to the stomach, distributing branches 
over its anterosuperior surface ; some of these extend over the fundus, and 
others along the lesser curvature. Filaments from these branches enter the 
lesser omentum, and join the hepatic plexus. 

The juralar ganglion (ganglion of the root) is of a greyish colour, spherical 
in form, about 4 mni. in diameter. It is join^ by several delicate filaments 
to the cerebral portion of the accessory nerve ; it is connected by a twig with 
the petrous ganglion of the jlossopharyn^l, and witb the sympathetic by a 
filament from the superior cervical gan^ion ; its auricular branch gives off 
an ascending branch which joins the facial nerve. 

The ganglion nodosum (ganglion of the trunk) is cylindrical in form, of 
a reddish cdour, and 2*5 cm. in length. Passing through it is the cerebral 
portion of the accessory nerve, which blends with the vagus nerve below the 
ganglion. This ganglion is connected with the hypoglossal nerve, the superior 
cervical ganglion of the sympathetic trunk, and the loop between the first and 
second cervical nerves. 

The branches of distribution of the vagus nerve are : 

j Meningeal. 

\Auricular. 
fPharjmgeal. 

Superior laryngeal. 

Bight recurrent. 

[Superioi^ cardiac. 

Inferior cardiac. 

Left recurrent. 

Anterior bronchial./ 

Poster bronchial. 
iCEsophageal. . 

|,Gaatrio. , 

•{OQsIiac. ‘ ''tA 
^iHepatic'; ^ 


In the jugular fossa 
In the neck . 

In the thorax 

In the abdomen' * 



VAammRVE 


^6, brwch springs b^om the jugular ganglion of the vagus 

distributed to the dura mater in the posterior mssa of the skull. 
firUricular branch (nerve of Arnold) arises from the jugular ganglion 
of the vagus nerve, and ® 


is joined soon after its 
origin by a filament from 
the petrous ganglion of the 
dossopharynge^ ; it pa|^ 
behmd the « internal jugu- 
lar yem^ and enters the 
mastoid canaliculus on the 
lateral wall of the jugi:^f 
fossa. Traversing the sub- 
stance of the temporal 
bone, it crosses the facial 
canal about 4 mm. above 
the stylomastoid foramen, 
and here it gives off an 
mending branch which 

J 'oins the facial nerve, 
t then passes through the 
tympanomastoid fissure, 
and divides into two 
branches ; one joins the 
posterior auricular nerve, 
the other is distributed to 
the skin of the back of 
the auricula and to the 
posterior part of the ex- 
ternal acoustic meatus. 

The pharyngeal 
branch, the principal 
motor nerve of the 
pharynx arises from the 
upper part of the ganglion 
nodosum of the vagus 
nerve, and consists prin- 
cipally of filaments from 
the cerebral portion of 
the accessory nerve. It 
passes across the internal 
carotid artery to the upper 
border of the Constrictor 
phar^gis medius, where 
it divides into numerous 
filaments which join with 
branches from the glosso- 
pharyngeal, sympathetic, 
and external laryngeal 
n^es to form the 
geal plexuB. l^m the 
plexus, branches m distri- 
buted to the muscles and 
mucous mmohrme of the 
phe^^mx and the muscles 
pt wp palate,^ except 
ihe Tensor Vdfi palatim* 


md joim the hypo^ossd 
nerve the latter .:^d» 
robnd the occiiatal arte^. 


Fig. 828 . — ^The course and distribution of the glosso- 
t>harjrngeal, vagus, and accessory nerves. 

CHostopharyngeal 


' Internal branch of 
mp. laryngeal 
< External branch of 
sup. laryngeal 


‘ Recurrent 


WPiUiMnuiriT* 

I 




rbe Sitp0rjk>r serve, larger than the preceding, arises from: the. 

m& gasgliowlWTdipsi^ vagus nwve and in its course receives 
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a branch from the superior cervical gai^lion of the sympathetic. It descends* 
by the side of the pharynx, behind the internal carotid artery, and divides into 
two branches, external and internal. 

The external branchy the smaller, descends on the larynx, beneath the 
Sternothyreoideus, to supply the Cricothyreoideus. It gives branch^ to 
the pharyngeal plexus and to the Constrictor pharyngis inferior, and, behind 
the common omtid artery, communicates with the superior cardiac nerve. 

The internal branch descends to the hyothyreoid membrane, pierces it in 
company with the superior laryngeal artery, and is distributed to the mucous 
membrane of the larynx. It supplies branches to the epiglottis, the base of 
the ton^e, and the epiglottic glands ; others pass backwards, in the aiy- 
epiglottic fold, and arc distributed to the mucous membrane around the entrance 
to the larynx, and to the mucous membrane of the interior of the larynx as 
low M the vocal folds. A filament descends beneath the mucous membrane 
on toe inner suriace of the thyreoid cartilage and joins the recurrent nerve. 

^^e recurrent nerve (recurrent laryngeal nerve) differs, as to its origin 
and course, on the two sides of the body. On the right, side it the 

vagus nerve, in front pf top fir,st part of the subclavian artery ; it winds from 
before backwards round that vessel, and ascends obliquely to the side of the 
trachea behind the common carotid artery, and either in front of or behind the 
inferior thyreoid artery. Qn the left. side, it ar^se^ froip^ tfoe, vagus nerve on 
the left of, the arch of the aorta, and winds below the aorto at the point where 
the ligieiimentum aiteriosum is attached, and then ascends "to the side of the 
trachea. The nerve on either side ascends in the groove between the trachea 
and oesophagus, passes under the lower border of toe Constrictor pharyngis 
inferior, and enters the laiynx behind the articulation of the inferior cornu 
of the thyreoid with the cricoid cartilage ; it is distributed to all the muscles 
of toe lar3mx, excepting the Cricothyreoideus. It communicates with the 
internal branch of the superior laryngeal nerve, and gives off a few filaments 
to the mucous membrane of the lower part of the larynx. 

As the recurrent nerve hooks round the subclavian artery or aorta, it gives 
off several cardiac filaments to the deep part of the cardiac plexus. As it 
ascends in the neck it gives off branches, more numerous on the left than on 
the right side, to the mucous membrane and muscular coat of toe oesophagus ; 
branches to the mucous membrane and muscular fibres of the trachea ; and 
some filaments to toe Constrictor pharyngis inferior. 

The superior cardiac branches, two or three in number, arise from the 
vagus nerve, at the upper and lower parts of the neck. 

The upper branches are small, and join vdth the cardiac branches of the 
sympathetic trunk. They can be traced to the deep part of the cardiac plexus. 

The lower branches arise at the root of the neck. That from the right vagus 
passes in front or by the side of the innominate artery, and proceeds to the 
deep part of the cardiac plexus ; that from the left runs down across the left 
side of the arch of toe aorta, and joins the superficial part of the cardiac 
plexus. 

The inferior cardiac branches, on the right si^e, arise from the Crunk 
of the vagus nerve as it lies by the side of the tracliea, and from 
nerve ; ''onJiheie£t.side from the reeuwent neryp only. They end in the deep 
part of the cardiac plexus. 

The anterior bronchial branches, two or three in number, and of smalt 
size, are distributed on the anterior surface of the root of the lung. They join 
with filaments from the sympathetic, and forin the anterior pulmo^ry pUxua, 

The posterior bronchial branches, more numerous and larger than the 
anterior, are ^stributed on the posterior surface of the root of the lung ; they 
are joined by filaments from the third and fourth (sometimes also from the first 
and second) thoracic ganglia of the sympathetic trunk, and form the poHetior 
pulnumary plexusi Branches from this plexus accompany the ramifioations 
of the bronchi through the substance of the lung. < 

The oesophageal branches are given off both above and below the bronchial 
branches ; the mwer are more numerous and larger than the upper. They 
form, together with branches from the opposite nerve, the ceaophageal phteus- 
From this plexus filaments are distribute to the msophagus and to toe^back 
of the pericardium. , 
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/The gastric branches are diBtributed to the stomach. The right vagus 
forms the posterior ^tric piexus on the postero-inferior surface of the stomach, 
and the lett the anterior gastric plejocus on the anterosuperior surface. 

. The cceUaCn,J|>ailChC&.,ftre mainly derived : they 

the coeliao plexus and through it supply branches to the pancreas, spleen, ' 
kidneys, 'suprarenal glands, and intestine. 

The heMjac>,Jhr<MMjhe^ arise * ^hey join the hepatic 

plexus and throt^h it are conveyed to the liver. 

Applied Anatomy . — The trunk of the vagus is rarely injured, hut the functions of the 
ne^VG niay be interfered with by damage to its nucleus of origin in the medulla; by 
thickening or growth from the meninges or bones, or aneurysm of the basilar artery , before 
its exit from the skull,; injuries such as gunshot or punctured wounds in the neck, or 
injuries during such operations as ligature of the carotid artery, removal of tuberculous 
glands or other deep-seated tumours. The vagus may also be compressed by aneurysms 
of the carotid artery, and its deep origin becomes affected in bulbar paralysis. The 
symptoms produced by paralysis of the nerve are palpitation, with increased frequency of 
the pulse, constant vomiting, slowing of the respiration, and a sensation of suffocation. 

'Beflexes ’ on the branches of the vagus are not at all uncoiriTnonly met with. The 
‘ ear cough * is i>erhaps one of tlic coi/imonost, where a plug of wax in the acoustic meatus 
by irritating the filaments of the auricular (Arnold^) nerve, l)o responsible for a 
persistent cough. Syringing the external acoustic meatus fiequently produces cough, 
and, in children, vomiting is not uncommon as the result of such a procedure; moreover, 
in people with weak hearts, syringing the oar has been responsible for a sudden fatal 
syncope, by J*eflex irritation of the cardiac branches. Another very common example is 
the persistent cough which is frequently due to enlarged bronchial glands in ebildren, the 
irritation of which is referred to the superior laryngeal filaments. 

The anatomy of the laryngeal nerves is of importance in considering some of the 
morbid conditions of the larynx. When the peripheral term in at ions of the superii^r 
laryngeal nerve are irritated by some foreign body passing over them, reflex spasm of 
the glottis is the result. When its trunk is pressed upon by, for instance, a goitre or an 
aneurysm pf the upper part of the carotid, there is a peculiar dry, brassy cough. When 
the nerve is paralysed, there is antesthesia of the mucous meiubrano of the larynx, so 
that foreign bodies can readily enter the cavity, and, as the nerve also supplies thp Crico- 
thyreoideus muscle, the vocal folds cannot be made tense and tlici voice is deep and 
hoarse. Paralysis may be the result of bulbar paralysis; may b(^ a sequel to diphtheria, 
when both nerves are usually involved ; or it may, though less commonly, bo caujfcd by 
the pressure of tiimours or aneurysms, when the paralysis is generally unilateral. Irrita- 
tion of the recurrent nerves produces spasm of the muscles of tbo larynx. When both 
recurrent nerves are paralysed, the vocal folds are motionless, in the so-called ‘ cadaveric 
position * — that is to say, in the posdtion in which they arc found in ordinary tranquil 
respiration ; neither closed as in phouation, nor widely open as in <leep inspiratory efforts. 
When one recurrent nerve is paralysed, the vocal fold of the same side is niotionle.ss, 
while the opposite one crosses the middle line to accommodate itself to the affected one ; 
hence plionation is possible, but the voice is altered and weak in timbre. The nerves may 
be paralysed in bulbar paralysis or after diphtheria, when the paralysis usually affects both 
sides; or theyjnay be affected by the pressure of aneurysms of the aorta, innominate, or 
subclavian arteries; by mediastinal t\imours; by guminata; or by cancer of the upper 
port of the oesophagus, when the paralysis is often unilateral. Parul\sis of tlu) adductor 
muscles of the larynx on both sides is quite common, and is usually functional in nature. 
The voice is reduced to a whisper, but the power of coughing is preserved. 


Nerve (figs. 826 , 827 , 828 ) 

The accessoty nerve (spinal accessor}^ nerve) consists of two parts : a 
cerebral aii4 ^ spinal. ^ 

The ceretiral part is the smaller ; its fibres arise from the cells of the 
nwkus ambiguus and emerge as foui‘ or five delicate rootlets from the side 
of the medulla oblongata, below the roots pf the vagus, It runs lateral wards ' 
to the jugular foramen, where it interchanges fibres with the spinal iwrtion 
or becomes ^ted to it for a short distance ; here it is also connectexl by one 
or two filam^ts with the jugular ganglion of the vagus. It passes through 
the jugul'Ur foramen, sepa^at^ from the spinal portion, and is continued over 
ffanglion nodosum of the vagus, to the surface of which it is adhormt, and 
is distributed priuoipaJly to the pharyngeal and superior laryngeal branches 
of v&gtis. ^ Thiougn the pharyngeal branch it probably supplies the 
MusqiULlus uvuks and levator veli palatini. Some few filamenis from it are 
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continued into the trunk of the vagus below the ganglion, to be distributed 
with the recurrent nerve and probably also with the cardiac nerve. 

The spinal part is firm in texture, and its fibres arise from the motor 
<!eJls in the lateral part of the anterior column of the grey substance of the 
' medulla spinalis as low as the fifth cervical nerve. Passing through the lateral 
white funiculus of the medulla spinalis, they emerge on its surface and umte 
to form a lygank, which ascends between the ligamentum denticulatum and 
the posterior fSots of the spinal nerves, enters the skull through the foramen 
magnum, and is then directed to the jugular foramen, through which it passes, 
lying in the same sheath of dura mater as the vagus nerve, but separated from 
it by a fold of the arachnoid. In the jugular foramen, it receives one or two 
filaments from the cerebral part of the accessory nerve, or else joins it for a 
short distance and then parts from it again. At its exit from the jugular foramen, 
it runs backwards in front of the internal jugular vein in two-thirds of the oases, 
and behind it in one-third (Tandlcr). The nerve then descends obliquely 
behind the Digastricus and Stylohyoideus to the upper part of the Sterno- 
cleidomastoideus ; it pierces this muscle, and courses obliquely across the 
posterior triangle of the neck, to end in the deep surface of the Trapezius. 
As it traverses the Sternocleidomastoideus it gives several filaments to the 
muscle, and joins with branches from the second cervical nerve. In the 
posterior triangle it unites with the second and third cervical nerves, while 
beneath the Trai)ezius it forms a plexus with the third and fourth cervical 
nerves, and from this plexus fibrc‘s are distributed to the muscle. 

Applied Anatomy , — The functious tyf the accessory iiurve may be interfered with 
cither by central changes; or at its exit from the skull, by fractures running across the 
jugular foramen; or in the neck, by inflamed lytnph-glands, &c. The acute wry-neck in 
children is most commonly due to inflamed or suppurating glands, and rapidly subsides 
with appropriate ireauinent. Central irritation causes clonic spasm of the Sternocleido- 
inastoidoiis aiid Trapo/ius muscles, or, as it is termed, spasmodic torticollis. In oases 
of this affection in which all previous palliativ;* treatment has failed, and the spasms 
arc so sovero as to nndorirnno the patient’s health, division or excision of a portion of 
tho accossory norvt? has been rosnrtcd to. This must be done from the anterior border 
of the Stcrnocleidomasioidoua. The operation consists in making an ir j'sion, 8 cm. in 
length, from the apex of the. mastoid process along the anterior border of the muscle, 
which is defined and pulled back’^ ards, so as to stretch the norve» which is then to be 
sought beneath the Digastricus, about 5 cm. below the apex of the, mastoid process. 
Unfortunately, the operation doe.s not yield a satisfactory or permanent cure, as the 
spa.sms tend to reeur alter an interval, eitlier in the same muscles or in other groups of 
nock innsolos. 

In cases whore exti iisivi* dissoctimis undeitakoi for enlarged glands in the neck, 
it is essential that this inTve should bo at once sought and isolated from the mass of 
inflamed glands so as to maintain its continuity. 


? ’ HypooLOSSAii Nbbvb (figs. 829, 830) 

The hypoglossal nerve is the motor nerve of the tongue.. 

rts fibres arise from the cells of the hypoglossal nucleiis, which is an upwairi 
prolongation of the base of the anterior column of grey substance of the medulla 
spinalisi. This nucleus is about 2 cm. in length, and its upper part corresponds 
with the irigonum hypoglossi, or lower portion of the medial eminence of the 
rhomboid fossa (p. 786). The lower part of the nucleus extends downwards 
into the closed part of the medulla oblongata, and there lies in relation to the 
ventrolateral aspect of the central canal. The ^fibres run forwards through 
the medulla oblongata, and emerge in the anterolateral sulcus between the 
pyramid and the olive. 

The rootlets of this nerve are collected into two bundles, which perforate 
the dura mater separately, opposite the hypoglossal canal in the occipital 
bone, and unite together after their passage through it ; in some oases the 
canal is divided into two by a small bony spicule^ . The nerve descends almost 
vertically to a point corresponding vrith the angle of the mandible. It is at 
first deeply seated beneath the internal carotki artery and internal jugular 
vein, and intimately connected .with the vagus nerve ; it then passes forwards 
between the win and artery, and lower down in the neck becomes aup^lfioia! 
below the Digastricus. The nerve theit loops round the occipital artery^ 
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and crosses the external carotid and lingual arteries below the tendon of the 
Bigastricus. It passes beneath the tendon of the Digastricus, the Stylo- 
hyoideus, and the Mylohyoideus, lying between the last-named muscle and 
the Hyoglossus, and is then continued forwards in the fibres of the Genioglossus 
as far as the tip of the tongue, distributing branches to its muscular substance. 
It communicates with the vagus, sympathetic, first and second cervical, and 
filial nerves. 

" The communications with the vagus nerve take place close to the skull, 
numerous filaments passing between the hypoglossal nerve and the ganglion 


Fio. 829. — The h^^poglossal nerve and the cervical plexus. 



nodosum of the vagus nerve through the mass of connective tissue which unites 
the two nerves. As the nerve winds round the occipital artery it gives off a 
filament to the pharyngeal plexus. 

Opposite the atlas the nerve receives branches from the superior cervical 
ganglion of the symj>aihetic trunk , and at the same level is joined by a filament 
from the loop connecting the first and second cervical nerves. 

Near the anterior border of the Hyoglossus it is united to the lingual nerve 
by numerous filaments which ascend upon the muscle. 

The branches of distribution of the hypoglossal nerve are ; 



Thyreohyoid. | 
Muscular. 


Of #Le0e branches the meningeal, descending, thyreohyoid, and the muscular 
twig, to the Geniohyoideue^ are^ probably derived mainly from the branch 
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which passes from the loop between the first and second cervical to jean the 
hypoglossal (fig. 830). 

Menineeal branches. — As the hypo^ossal nerve passes through the 
hypoglossal canal it gives off several filaments to the dura mater in the. posterior 
fossa of the skull. 

The descending ramus, long and slender, quits the hypoglossal nerve 
where the 'ISStter turns round the occipital artery, and descends in fremt of or 
within the shealh of the carotid vessels ; it gives a branch to the superior belly 
of the Omohyoideus, and, just below the middle of the neck, joins the com- 
mruiicantes cervicales from the second and third cervical nerves to form a 


Fig. 830. — A plan of the hypoglossal nerve. 



loop, the anm hyjpoglmsi. From the convexity of this loop branches pass to 
supply the Sternohyoideus, the Sternothyreoideus, and the inferior belly of the 
Omohyoideus. According to Arnold, another filament descends in^uont of 
the vessels into the thorax, and joins the cardiac and phremc nerves. 

The thyreohyoid branch arises from the hypoglossal nerve near the 
posterior border of the Hyoglossus ; it runs obliquely across the greater cornu 
of the hyoid bone, and supplies the Thyreohyoideus muscle. 

The muscular branches are distributed to the Styloglossus, HyoglossUSr 
Qeniohyoideus, and Genioglossus. Numerous slender branches pass upwards 
into the substance of the tongue to supply its intrinsic muscles. 

Applied Anatomy . hypoglossal nerve is an important guide in the operation, of 
ligature of the lingual artery (p. 582). It tons fotwams on tlu Hyogh^jStis above 
the greater cortiu of the hvoid i^ne, and forms tlia tipper boundary of did triiajng^^ 
in which the artery is to be sought by cutting the fibres of the ' ;ln 
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oases where the nerve is involved bv gumma or new gprowth of the base oi^.the skull, or 
where it has been injured on one side of the neck, or in some cases of bulbar paralysis, 
unilateral paralysis, together with hemiatrophy of the tongue, results; the tongue, when 
protruded, being directed* to the paralysed side owing to the unopposed action of the 
Oenioglossus of the opposite side. On retraction, the wasted and paralysed side of the 
ton^e rises up higher than the other. The larynx may deviate towards the sound side on 
swallowing, mm the unilateral paralysis of tne depressors of the hyoid bone. If the 
paralysis is bilateral, e.g. the result of a buUet wound of the infrahyoid region, the tongue 
lies motionless in the mouth, taste and tactile sensibility of the organ are perfect, articu- 
lation is slow and sticky; swallowing is very difficult, and the patient has to throw his 
head backwards and push the bolus of food back into the pharynx with his finger before 
he ean swallow it. 


THE SEINAL NERVES 

The spinal nerves spring from the medulla spinalis, and are transmitted 
through the in^rvertebral foramina. They number thirty-one pairsy. which 
are grouped as follows : Cervical, 8 ; Thoracic, 12 ; Lumbar, 5 ; Sacral, 5 ; 
Coccygeal, 1. 

The first cerviml nerve emerges from the vertebral canal between the occipital 
bone and the atlas, and is therefore called the suf)occip{tal nerve ; the eighth 
issues between the seventh cervical and first tlioracic vertebras. 

Nerve-roots. — Each nerve is attached to the medulla spinalis by an 
anterior and a posterior root, the latter being characterised by the presence 
of a ganglion, the spinal ganglion. 

The interior root emerges from the anterior surface of the medulla 
spinalis as a number of rootlets or filaments (fila radicularia), which coalesce 
to form two bundles near the intervcrtcbpal foramen. 

The posterior root (except in the case of the first cervical nerve) is larger 
than the anterior ; its rootlets are attached along the posterolateral furrow of 
the medplla spinalis and unite to form two bundles wbi(‘h join the spinal 
ganglion. 

The spinal gang^lia are collections of nerve-cells on the posterior roots 
of the spinal nerves. Each ganglion is oval in shape, reddish in colour, and 
its size bears a ])roportion to that of the nerve-root on which it is situated ; 
it is bifid medially where it is joined by the two bundles of the posterior nerve- 
root. The ganglia are usually placed in the intervertebral foramina, immedi- 
ately outside the points where the nerve-roots perforate the dura mater, but 
there are exceptions to this ; thus the ganglia of the first and second cervical 
nerves lie on the vertebral arches of the atlas and epistro[)heus respectively, 
those of the sacral nerves are inside th(5 vertebral canal, while that of the 
coccygeal nerve is within the sheath of dura mater. 

Structure. — The ganglia consist chiefly of unipolar nerve-cells, and from these the 
fibres of the posterior root take origin ; the single process of each cell divides after a short 
course into a central fibre which enters the medulla spinalis and a peripheral fibre which 
runs into the spinal nerve (fig. 831). Two other forms of cells are, however, present, 
viz. : (a) the o ells of Dogiel, whose axons ramify close to the cell (type II. of Golgi) and 
are distriCutedT enfiirl^y within the ganglion ; and (b) multipolar cells similar those 
found in the sympathetic ganglia. 

The ganglia , 01 , the -fiyjsljjftir of ceyvical nerves may ho absent, while small aharroiul 
ganglia conSsting of groups of horvc-cells are sometimes found on the posterior roots of 
the upper cervical nerves between the spinal ganglia and the medulla spinalis. 

Each nerve-root reoeivea a covering from the pia mater, and is loosely 
pii^ested by the arachnoid, the latter being prolonged as far as the points 
where, the roots pierpe the dura mater. The two roots pierce the dura mater 
separately, each receiving a sheath from this membrane : where the roots 
to form the spinal nerve this sheath is continuous with the epineurium 
of the hesrve. 

Slz6. an^ dircction.-^T^e roots of the upper four cervical nerves are 
email, those of the lower four are large. The posterior roots of the cervical 
netyes bear a proportion to the anterior of three to one, which is greater than 
in th^/otber region]^ ;• . their individual filaments are also larger than those of 
the'ahteript ^roOts. l^jggst^fjpr^^root pf ^the .fijrjat .cpm is an exception 
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to this, being smaller than the anterior root ; in about eight per cent, of cases 
it is wc^nting. The roots of the first and second cervical nerves are short, and 
run nearly horizontally to their points of exit from, the vertebral canal. From 
the third to the eighth cervical they are directed obliquely downwards, the 
obliquity and length of the roots successively increasing ; the distance, however, 
between the level of attachment of any of these roots to the medulla spinalis 
and the poii^S< of exit of the corrcjsponding nerves never exceeds the depth 
of one vertebra. 

The roots of the thoracic nerves, with the exception of the first, are of small 
size, and the posterior roots only slightly exceed the anterior in thickness. 
They increase successively in length, from above downwards, and, in the lower. 


Ftg. 831. — A sehonie showing tlie strncturo of a typical spinal norve. 



1. Somatic efferent. 2, Somatic afferent. 3, 4, 5. Splanchnic efferent. 6, 7. Splanchnic afferent. 


partjof the thoracic region, descend in contact with the medulla spinalis for 
a distwee equal to the height of at least two vertebrse before they emerge 
from the vertebral canal. 

The roots of the lower lumbar and upper sacral nerves are the largest, and 
their individual filaments the most numerous of all the spinal nerves, while 
the roots of the coccygeal nerve are the smallest. 

The roots of the lumbar, sacral, and coccygeal nerves run vertically down- 
wards to their respective exits, and as the ni^ulla spinalis ends near the lower 
border of the first lumbar vertebra it follows that the length of the successive 
rooto must rapidly increase. As already mentioned (p. 746), the term^ziusdkK 
is applied to this collection of nerve-roots. 

From the description given it will be seen that the largest neaeve-roots, 
and consequently the largest spinal nerves, are attached to the cervical and 
lumbar swellings of the medulla spinalis ; these nerves are distributed to 
the upper and lower limbs. 

Imm^iately beyond the spinal ganglion, the anterior and posterior nerve- 
roots unite to form the spinal nerve which emerges through the intervertebral 
foramen, . 
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Connexions with the sympathetic trunks. — After emerging from 
the intervertebral foramen e ac^ spinal ^eyve receives a branch Qrey ramus 
communicana) from the adjacent ganglion of the sympathetic trunk, while 
the thor acijpJand the ficalLand aecond Imnhan nerves each contribute a branch 
(tfiiiie ramus communicana) to the adjoining -sympathetic ganglion. The 
secoQdL th ir d ^ and fourth s^ral nerves also supply .white rami ; these, however, 
are not connect^ with the ganglia of the sympathetic trunk, but run directly 
intojjhe pelvic plexuses of the sympathetic. 

Structure. — Each typical spinal nerve contains fibres belonging to two 
systems, viz. the somatic, and the sympathetic or splanchnic, as well as fibres 
connecting* these systems with each other (fig. 831). 

1 . The somatic fibres are efferent and afferent. The efferent fibres originate 
in the cells of the anterior grey column of the medulla spinalis, and run outwards 
through the anterior nerve-roots to the spinal nerve. They convey impulses 
to the voluntary muscles, and are continuous from their origin to their peripheral 
distribution. The afferent fibres convey impressions inwards from the skin, &c., 
and originate in the unipolar nerve-cells of the spinal ganglia. The single 
processes of these cells divide into peripheral and central fibres, and the latter 
enter the medulla spinalis through the ]K>stcrior nerve-roots. 

2. The sympathetic fibres are also efferent and afferent. The efferent or 
preganglionic fibres originate in the lateral column of the medulla spinalis, and 
are conveyed through the anterior nerve-root and the white ramus commiinicans 
to the corresponding ganglion of the sympathetic trunk ; here they ma}' end by 
forming synapses around its cells, or may rim through the ganglion to end 
in another of the ganglia of tlic sympathetic trunk, or in a more distally placed 
ganglion in one of the sympathetic plexuses. In all cases they cmd by forming 
synapses around other nerve-cells. From th(‘ cells of the ganglia of the sym- 
pathetic trunk other fibres {postganglionic) take origin ; some of these run 
through the grey rami communioantes to join the spinal nerves, wliile others pass 
to the viscera, either directly or after interruption in one of the diital ganglia. 
The afferent fibres are derived partly from the unipolar cells and partly from 
the multipolar cells of the spinal ganglia. Their peripheral processes are 
carried through the white rami communicantes, and after passing through one 
or more sympathetic ganglia (but always without interruption in them) finally 
end in the tissues of the viscera. Tlu' (central processes of the unipolar cells 
enter the medulla spinalis through the posterior nerve-root and form synapses 
around either somatic or sympathetic efferent neurons, thus completing reflex 
arcs. The dendrites of the multipolar nerve-cells form synapses around the 
cells of type TI. (cells of Dogiel) in the spinal ganglia, and by this path the 
original impulse is transferred from the sympathetic to the somatic system, 
through which it is conveyed to the sensorium. 

Divisions. — After emerging from the intervertebral foramen, each spinal 
nerve gives off a small meningeal Immch which re-enters the vertebral canal 
through the intervertebral foramen and supplies the vortebrso and their liga- 
ments, and the blood-vessels of the medulla spinalis and its membranes. The 
spinal nerve then splits into a posterior .and an anterior division, each receiving 
fibres from both nerve-roots. 


POSTERIOR DIVISIONS OF THE SPINAL NERVES 

The posterior divisions of the spinal nerves are as a rule smaller than the 
anterior. They are directed backwards, and, witjh the exceptions of those][of 
the tot cervical, the fourth and fifth sacral, and the coccygeal, divide into 
medial and lateral branches for the supply of the muscles and skin (figs. 832, 
833) of the posterior part of the trunk. 

PosTBRipB Divisions of the Cervical Nerves 

The posterior division of the first cervical or suboccipital nerve* is 
larger than the anterior division, and emerges above the posterior arch of the 
atlas and beneath the vertebral artery. It enters the suboccipital triangle and 
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supplies the muscles which bound this triangle, viz. the Rectus capitis posterior 
major, and the Obliqui su^^erior and inferior ; it gives branches also to the 
Rectus capitis posterior minor and the Semispinalis capitis. A filament from 
the branch to the Obliquua inferior joins the posterior division of the second 
cemcal nerve. 


The nervert^c|pionally gives oi! a cutaneous branch which accompanies the occipital 
artery to the 8cal|>* and cominunicates with the greater and lesser occipital nerves* 


The posterior division of the second cervical nerve is much larger 

than the anterior division, and is the 
Fio. 8 f 32 . — A diagram of the distribution of all the cervical posterior 

of the cutaneous branches of the poa- divisions. It emerges between the 

terior divisions of the spinal nerves. posterior arch of the atlas and the 



lamina of the epistropheus, below the 
ObliquuB inferior. It supplies a twig 
to this muscle, receives a communicat- 
ing filament from the posterior division 
of the first cervical, and then divides 
into a large medial and a small lateral 
branch. 

The n^ial branch, called from 
its size and distribution, the grmter 
occipital nev% aspends obliquely be- 
tween the Obliquus inferior and the 
Semispinalis capitis, and pierces the 
latter muscle and the TYapezius near 
their attachments to the occipital bone 
(fig. 832). It is then joined by a fila- 
meiit from the medial branch of the 
posterior division of the third cervical, 
and, ascending on the back of the head 
with the occipital artery, divides into 
branches which coniii.unicato with the 
leaser occipital nerve and supply the 
sKin of the scalp as far forward as 
the vertex of the skull. It gives off 
mascular branches to the Semispinalis 
capitis, and occasionally a twig to 
the back of the auricula. The 
branch supplies filaments to the 
Splenius, Longus capitis, and Semi' 
spinalis capitis, and is often joined 
by the corresponding branch of the 
third cervical. 

The posterior division of the 
third cervical is intermediate in size 
between th<^se of the second and fourth. 
Its medial, branch runs between the 
Semispinalis capitis and Semispinalis 
cervicis, and/piercing the Spleniuil and 
Trapezius, ends in the skin. - While 
under the Trapezius it gives off a 
branch called the third occipital nerve^ 
which pierces the Trapezius and ends 
in the sldn of the lower part of the back 
of the head (fig. 832). It lies tfiedially 
to, and communicates with, the greate:r 
occipital nerve. The latmtl bran(}|i 
often joins that of the second eervied; 


The posterior division of the suboccipital, and the medial brah<}he8 of the posterior 
divisions of the second and third cervical nerves are sometimes by conunuhicat^ 
loops to form^ the posterior ccwca? pisaiiw (Oruveiihier); . • . 
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The jpostenw divisions of the lower five cervical nerves divide 
me(ual and lateral brtmohes. The medial branohes of the fourth and 
nith nm mtween the Setnispinalis cervicis and Semispinalis capitis, and, having 
re^hm the spinous processes, pierce the Splenius and Trapezius to end in the 
skin (fig. 832). Sometimes the medial branch of the fifth fails to reach the 


Flo. 888.— The areas of distribution of the cutaneous branches of tlie posterior 
divisions of the spinal nerves. (H. M. Johnston.) 


The areas u£ the uivdial Lruiiciioa aie iu black, tiioni* oi (he laliral in red. 


skin. The no^edial branohes of the lowest three nerves are small, and end in 
the Semispinalis cervicis, Semispinalis capitis, Multifidus and Interspinales. 
The lat^al branches of the lower five nerves supply the Iliocostalis cervicis, 
Longissimue cervicis, and Longissimus capitis. 


.PosTBBioB Divisions of Thoracic Nbrvjss 

The medial branohes of the posterior divisions of the upper six thoracic 
nerv^ nm b^tweim the Semispinalis dorsi and Multifidus, which they supply ; 
they then pierce the Rhoml^idei and Trapezius, and reach the skin by the 
fades ef the spinouk processes (fig. 832). The medial branches of the lower 
siat are d^tributedeluefiy to the Multifidus and Longissimus dorsi ; occasionally 
they give filaments to the skin near the middle line. 


890 


NEUROLOGY 


The lateral branches increase id size from above downwards. They run 
through or beneath the Longissimus dorsi to the interval between it and the 
IliocostaliSj and supply these muscles ; the lower five or six also ^ve off 
cutaneous branches which pierce the Serratus posterior inferior and Latissimus 
dorsi in a line with the angles of the ribs (fig. 832). The lateral branches of 
a variable nuing^er of the upper thoracic nerves also give filaments to the skin. 
The lateral biuhoh of the twelfth thoracic, after sending a filament medialwarda 
along the iliac crest, passes downwards to the skin of the anterior part of the 
buttock. 

The medial cutmieou** branches of the posterior divisions of the thoracic nerves 
descend for some distance close to the spinous processes before reaching the skin, while 
the lateral branches travel downwards for a considerable distance — ^it may be as much as 
the breadth of four ribs — ^before tliey become superficial; the branch from the twelfth 
thoracic, for instance, reaches the akin only a little way above the iliac crest.* 

PosTEBiott Divisions of Lumbar Nerves 

The medial branches of the posterior divisions of the lumbar nerves 
run close to the articular processes of the vertebrsB and end in the Multifidus. 

The lateral branches supply the Sacrospinalis. The upper three give off 
cutaneous nerves which pierce the apQneurosis of the Latissimus dorsi at the 
lateral border of the Sacrospinalis and cross the posterior part of the iliac crest 
to the skin of the biittoc*k (fig. 832), some of their twigs running as far as the 
level of the greater trochanter. 


PosTKR[OK Divisions of Sacral Nerves 

The posterior divisions of the sacral nerves are small, and diminish 
in size trom above downwards ; they emerge, except the last, through the 
posterior sacral foramina The ujyper three are covered at their points of 
exit by the Multifidus, and divide into medial and lateral branches, 

The medial branches are sr.:a1I, and end in the Multifidus. 

The lateral branches join wilh one another and with the lateral branches of 
the posterior divisions of the last lumbar aiul fourth sacral to form loops on the 
dorsal surface of the sacrum. Prom these loops branches run to the dorsal 
surface of the sacrotuberous ligament and form a second series of loops under 
the Glutaeus maximus. From this second series of loops cutaneous nerves 
(nn. cluniiim medii), two or three in nuJiber, pierce the Glutasus maximus along 
a line 3rawn from the posterior superior iliac spine to the tip of the coccyx ; 
they supply the skin over the posterior part of the buttock. 

The posterior divisions of the lower two sacral nerves are small and lie below 
the Multifidus. They do not divide into medial and lateral branches, but 
unite with each other and with the posterior division of the coccygeal nerve 
to form loops on the back of the sacrum ; filaments from these loops supply 
the akin over the coccyx. 


Posterior Division of Oocoyoeal Nerve 

The posterior division of the coccygeal nerve does not divide into a 
medial and a lateral branch, but receives, as already stated, a communicating 
branch from the last sacral ; it is distributed to the skin over the back of the 
coccyx. 


ANTERIOR DIVISIONS OF THE SPINAL NERVES 

The anterior divisions of the spinal nerves supply the anterolateral 
parts of the trunk, and the limbs ; they are for the most part larger than^ 
the posterior divisions. In the thoracic region they run independently of 
one another, but in the cervical, lumliar, and sacral regions jihey unite.^near 
their origins to form plexuses. 

. H. M. JohuBton, Jowmal of Anatomy 4md Physiology, vol. xliii. 
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ANTERIOR DIVISIONS OF CERVICAL NERVES ^ 

The aQterior divisions of the cervical nerves, with the exception 
of the first, appear between the corresponding anterior and posterior inter- 
transverse muscles. The anterior divisions of the upper four nerves unite 
to form the cervical plexus ; those of the Imoer four, together with the greater 
part of the anterior division of the first thoracic nerve, join to form the brachial 
plexus. 

Each nerve receives a grey ramus cummuiiicans, the upper four frimi the 
superior cervical ganglion, the fifth and sixth from the middle cervical ganglion, 
and the seventh and eighth from the inferior cervical ganglion, of the sym- 
pathetic trunk. 

The anterior division of the first cervical (suboccipital) nerve appears above 
the posterior arch of the atlas vertebra, jind passes forwards round the lateral 
side of its superior articular process, medially to the veitebral artery. It 
supplies a branch to the Rectus lateralis muscle, and, emerging on the medial 
side of that muscle, descends in front of the transverse jn'oeess of the atlas 
and joins with the ascending branch of the second nerve. 

The anterior division of the secowl cervical nerve issues between the neural 
arches of the atlas and epistropheus and runs forwards between the transverse 
processes of these two vertebras, passing under cover of the first posterior 
intertransverse muscle and on the lateral side of the vertebral artery. It 
divides into an ascending branch which joins with the first cervical nerve, 
and a descending branch which unites with the asci nding branch of the third 
cervical nerve. 


C^KRVicAL Plkxus 


The cervical plexus (fig. 834) is formed by the anterior divisions of the 
upper four cervical nerves ; each nerve, exce pt the first, divides into an upper 
and a lower branch, and these unite to form three loops. The plexus is situated 
opposite the upper four cervical vertebra), in fiont of the Levator scapula) 
and Scalenus medius, and beneath the Slernocleidomastoideus. 

Its branches are divided into two groups, superficial and deep, and are 
here given in tabular form ; the figures following the names indicate the spinal 
nerves from which the different branches take origin ; 


Superficial i | 


r Smaller occipital 


Deep 


Medial 


[ Communicating 


I Muscmlar 


Lateral 


Great auricular 
Cutaneous cervical 
(.Supraclavicular 

[With hypoglossal 
„ vagus 

[ „ sympatlietic 

'Rectus capitis lateralis 
Rectus capitis anterior 
' Longus capitis . 

Communicant es cervicalcs 
ViFhn'nic 

{ Communicating with accessory 

[Sternocleidomastoideus 
Ti^r I I Trapezius 

Muscular. • 1 Levator scapula? . 

IScalenus nuMlius 


2 0 . 

2.3 0. 

2, 3 C. 

3.4 0. 

1,2 0 . 

1,2 0 . 

1,2, 3,4 C. 
1 C. 

1 , 2 0 . 

1, 2, 3 C. 
2,3C. 

3, 4, 5 C. 

2, 3, 4 C. 

2C.' 

3,4 0. 

3, 4 C. 

3. 4 0. 


SUPKBBtCIAL BRaNOHKS OB' THB CkRVICAIj PlEXUS (fig. 835) 

^ The smaller occipital nerve arisea from the second cervical nerve, 
sometimes ako from the third ; it hooks round the accessory nerve and ascends 
along the postodor border of the Sternocleidomastoideus. Near the crauium 
it perforates the deep fascia, and is continued upwards along the side of the head, 
behind the auricula, supplying the skin and commimicatii^ with the great 
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auricular and greater occipital nerves, and with the posterior auricular branch 
of the facial nerve. The smaller occipital nerve varies in size^ and is sometimes 
duplicated. 

It gives off an auricular branch whicli supplies the skin of the upper third 
of the cranial surface of the auricula, and communicates with the mastoid 
branch of the g reat auricular nerve. The auricular branch is occasionally 
derived from tr^^eater occii^ital nerve. 


Fig. 834.— “A plan of the cervical plexus. 



The great auricular nerve Is the largest of the ascending branches. ' It 
arisesr from the secon(| and third cervical nerves, winds round the posterior 
border of the Sternodeidomastoideus, and, after perforating the deep fascia 
ascends upon that muscle beneath the Platysma to the parotid gland, where 
it divides into an anterior and a posterior branch. 

The anterior branch is distributed to the skin of the face over the parotid 
gland, and comnumicates in the substance of the gland with the facial nerve. 

The posterior branch supplies the skin over the mastoid process and Oii 
the back of the auricula, except at its upper part ; a filam^t piero^ the 
auricula to reach its lateral surface, where it is distributed to the lobule end 
lower part of the concha. The posterior branch communic^tekyrith the sxnaller 
occipital nerve, the auricular branch of the vagus nerve, posterior 

auricular branch of the facial nerve. 
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The cutaneous cervical nerve (traimgj^e cervical nerve) arises from 
tne second and third cervical nerves, ttims round the posterior border of the 
cwmocleidomastoideus about its middle, and passes obliquely forwards behind 
jugular V€3n to the anterior border of the muscle. It perforates 
the deep cervical fascia, and divides beneath the Platysma into ascending, and 
desoenduig branches, which are distributed to the anterolateral parts of the neck. 


Fic. 886. — The nerves of the scalp, face, and aide of nock. 



-The mcending branches pass upwards to the subtuaxiilary region, and form 
a plexus with the cervical branch of the facial nerve beneath the Platysma ; 
others pierce that muscle, and are distributed to the skin of the upper and 
front parts of the heck. 

The descending brandies pierce the Platysma, and are distributed to the 
skin of the side and front of the neck, as low as the sternum. 

The supraclavicular nerves arise by a common trunk derived from the 
third and fourth cervical nerves. This trunk emerges from beneath the posterior 
border of the Stemocleidomastoideus, descends under cover of the Platysma, 
and uervioal fascia, and subdivides into anterior, middle, and posterior 
branch^ which diverge from one another and pierce the deep fascia a little 
alK>ve level of the clavicle. 

The anier^ nerves cross obliquely over the external juj^lar 

vein and' the clavicular end sternal heads of the Stemocleidomostoideua; and 
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► supply the skin as far as the mi^le line. They furnish one or two filaments 
to the sternoclavicmlar joint. 

The middle supraclavicular nerims cross the clavicle, and supply the skin 
over the Pectoralis major and Deltoideus, opmmunicatihg with the cutaneous 
branches of the upper intercostal ne^rves.. 

The posteriett mpraclavicnlar nerves pass obliquely across the outer surface 
of the Trape 2 ^i■^s ^and the acromion, and supply the skin of the upper and 
posterior parts ofthe shoulder. 


Diokp BraxNchks op TiiK Cbrvjoal Plexus. Medial ISbbies 

The communicating branches consist of several filaments, which pass 
from the loop between the first and second cervical nerves to the vagus, hypo- 
glossal, and sympathetic. The branch to the hypoglossal ultimately leaves 
that nerve as a scries of branches, viz. the descending ramus, the nerve to 
the Thyreohyoideus and the nerve to the Oeniohyoideus (p. 884). A com- 
municating branch also passes from the fourth to the fifth cervical nerve, 
while each of the first four cervical nerves receives a grey ramus communicans 
from the superior cervical ganglion of the sympathetic. 

Muscular branches supply the Longus capitis, Rectus capitis anterior, 
and Rectus capitis lateralis. 

The communicantes cervicalcis (fig. 834) consist usually of two branches, 
one derived from the second, and the other from *he thhd cervical nerve. 
These branches join to form the descendens cervicalis, '/hich passes downwards 
on the lateral side of the internal jiigidar vein, crosses in front of the vein a 
little below the middle of the neck, and forms a looj) {ansa hypoglossi) with the 
descending ramus of the hypoglossal in front of the sheath of the carotid vesstds 
(pj877). Occasionally, the loop is formed within the sheath. 
v^The phrenic nerve contains motor and sensory fibres in the pioportion of 
about two to one. It arises chiefly from the fourth cervical nerve, but receives 
a branch from the third and another from the fifth ; the fibres from tae fifth 
occasionally come through the nerve to the dubclavius. It is formed at the 
lateral border of the Scalenus anterior, and descends to the root of the neck, 
running obliquely across the fn nt of that muscle; and beneath the Sterno- 
cleidomastoideiis, the inferior belly of the Oinohyoideus, and the transverse 
cervical and transverse scapular vessels. It next passes in front of the sub- 
clavian artery, betwoem it and the subclavian vein, and, as it enters the thorax, 
crosses the internal mamjiiary artery near its origin. .Within the thorax, 
it descends nearly vertically :a front of fue root of the lung, and then between 
the pericardium and the incidiastinal pleura, to the Diaphragm, where it divides 
into branches which pierce that muscle, and are distributed to its under surface. 
In the thorax it is accompanied by the pericardiacophrenic branch of the 
internal mammary artery. 

The two phrenic nerves differ in their length, and also in their relations 
at the upper part of the thorax. 

The right nerve is situated more deeply, and is shorter and more vertical 
in direction than the left. It descends in front of the Scalenus anterior which 
separates it from the second part of the subclavian artery. It lies laterally 
to the right innominate vein and superior vena cava. 

The left nerve is rather longer than the right, from the inclination of the 
heart to the left side, and from the Diaphragm being lower on this than on 
the right side. At the root of the neck it crosses the first part of the subclavian 
artery, and is crossed by the thoracic duct. In the superior mediastinal cavity 
it lies between the left common carotid and left subclavian arteries, and crosses 
superficially to the vagus on the left side of the arch of the aorta. 

Each nerve supplies branches to the pericardium and pleura, and at the root 
of the neck is joined by a filament from the sympathetic, and, occasionally, 
by one from the ansa hypoglossi. Branches have been described as passing 
to the peritoneum. 

From the right nerve, one or two filaments pass to join in a small 
with phrenic' branches of the coeliac plexus ; and branches 
ga^icSi are distributed to the falci|o;^;j^nd^cpron^ ijij Bvg*. 

thp supMrsnal.g^ and.infen^ ye^ cava. From neiW, ImameBts 
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Tpaas to join the phrenic branches of the coeliac plexus, but without any ganglionic 
enlargement ; and a twig is distributed tgJ^fjeft suprar^ 

Applied Anatomy , — In addition to its supply from the plirenics, the Diaphra^ 
r^eives both motor and sensory nerve-hbres from the lower seven intercostal nerves at its 
rim. This double seu^ry innervation explains'^ the varied distribution of the referred 
pains that may be felt in different cases of infection or inffammation of the Diaphragm, 
such as inay occur in pleurisy or pneumonia affecting its upper surface, cm the one hand, 
or in peritonifcis attacking its lower surface on the other. For example, if it is the more 
central part of the Diaphragm that becomes inflamed in a case of acute peritonHis, the 
patient may complain of pain and tenderness in the area, of distribution of the cutaneous 
branches of the fourth and fifth cervical nerves, with the result that disease of the 
shoulder* joint or supraclavicular region is erroneously suspected, and the peritonitis is 
missed. Contrariwise, if the periphery of the Diaphragm chances to become infected in a 
patient with acute pleurisy or pneumonia, he may complain of acute pain and tenderness 
m the area of distribution of toe cutaneous branches of the lower intercostal nerves, and 
may also exhibit rigidity of the underlying abdominal muscles, with the result that an 
acute intra-abdominal infection is erroneously diagnosed and a laparotomy is performed 
for the relief of a supposed appendicitis, cholecystitis, or localised peritonitis. 


Dbi5P Bbanohes op the Cervioaj. Plexus. Lateral Series 

Communicating branches. — ^The lateral series of deep branches of the 
cervical plexus communicates'with the accessory nerve, in the substance of the 
Stemocteidomastoideus, in the posterior triangle, and beneath the Trapezius. 

Muscular branches are distributed to the Stcinocdeidomastoidcus, 
Trapezius, Levator scapulas, and Scalenus medius. 

The branch for the Stemocleidomaatoidous is derived from the second 
cervical nerve ; the Trapezius and Levator scapulae receive branches from the 
third and fourth cervical nerves. The Scalenus medius receives twigs either 
from the third or fourth cervical nerves, or occasionally from both. 

Applied Ariatomy. — Psins referred to the terminal branches of the cervical plexus are 
not uncommon in caries of the cervical vertebrae, where pain may be felt radiating over 
the occipital bone, if the disease is situated high up in the vertebral column. 

The Brachial Plexus 

The brachial plexus (fig. 836) is formed by the union of the anterior 
divisions of the lower four cervical nerves and the greater part of the anterior 
division of the first thoracic nerve ; the fourth cervical nerve usually gives a 
branch to the fifth cervical, and the first thoracic nerve frequently receives one 
from the second thoracic. The plexus extends from the lower part of the 
side of the neck to the axilla. The nerves which form it are nearly equal in 
size, but their mode of conimunication is subject to .yime variation. The 
following is, however, the most constant arrangement./ The fifth and sixth 
cervibal nerves unite at the lateral border of the Scalenus medius to form 
a trunk. The eighth cervical and first thoracic nerves unite behind th^ J^caleniis 
anterior to form a trunk, while the seventh cervical nerve runs alone. ‘ Three 
trunks — ^upper, middle, and lower — are thus formed, and, as they^pass beneath 
the clavicle, each splits into an anterior and a posterior division.* The anterior 
divisions of the upper and middle trunks unite to form a cord, which is situated 
on the lateral side of the second part of the axillary artery, and is called the 
lateral cord or fascicidas of the plexus. The anterior division of the lower 
trunk passes down on the medial side of the axillary artery, and forms the' 
medial cord or fasciculus of the brachial plexus. The ^sterior divisions of 
all three trunks unite to form the posterior cord or fasciculus of the plexus, 
whiofa is situated behind the second portion of the axillary artery. 

Reliations.*-/n the neck , the brachial plexus lies in the posterior triangle, 
being covered by the shin, Platysma, and deep fascia ; it is crossed by the 
supraclavicul^ nerves, the nerve to the Subclavius, the inferior l^lly of the 
Omohypideus, the external jugular vein, and the transverse cervical artery. 
It emerges bptwciim the Scalenus anterior and Scalenuateedius ; its. upper part 
lies above the tl^d part of the subclavian artery, while the trunk formed by 

'^The po«t«rjb]i^ ^yiiion of the lower truKk ia very much smaller than the othm, and. is. 
freqaently deriv^ entkeiy horn the eighth cervical nerve; 
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the union of the eighth cervical and first thoracic nerves is traced belfind the 
artery ; the plexus next passes behind the clavicle, the SuDolavius, and .tbe 
transverse scapular vessels, and lies upon the first digitation of the Serratus 
anterior, and the Subsoapularis. In axilla it is placed laterally to tet 
portion of the axillary artery ; it surrounds the second part of the art^,‘ 
one cord lying medially to it, one laterally to it, and one behind it ; at the 
lower part of'^e axilla it gives off its terminal branches to the upper limb* . 

Close to thei/ exit from the intervertebrc* ^ iramina the fifth and sixth 
cervical nerves each receive a grey ramus comi ms from the middle cervical 
ganglion, and the seventh and eighth cervical similar twigs from the inferior 


Fir.. 836. — A plan of the brachial plexus. 



cervical ganglio»\ i . The first thoracic nerve receives 

a grey ramus fn.m, mu t I’ .. a v^biu ramus to, the first thoracic ganglion 
of the sympathi *^' u 

Branches oi c.*-. v. . a, -The brunches of the brachial plexus 
may be arrangea in : \ given off above the clavicle {snpra- 

^clavicyJar) and thou** hiiovv that bone {infraclavicular]. 

I 

i^UX^RACLAVlOULAR BRAKOHES 


To phrenic nerve 
Dorsal scapular. . 
Suprascapular 
Nerve to Subcluvius 
Long thoracic 
To Longus colli and Sc^eni 


6 0., 

.5 0 .-;^ 


, On thn SoalenuB anterior the phrettie nerve is joined- bv tt 
fifth cervical nerve. i; • , • 


m-Ci 

li^in thou 
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The dorsal scapular nerve adsos from the fifth cervical nerve, pierces the 
Scalbnus^ medius, passes her ■ th the Levator scapulae, to which it ocoasicmally 
gives a twig, and run| m con . .any with the descending branch of the tiutfisverse 
scapula artery on tfie anterior surface of the Rhomboidei : it ends by supplying 
these" muscles. 

The suprascapular nerve (fig. S42) is a large nerve which arises from 
the trunk formed by the union of the- fifth and sixth cervical nerves. It runs 
lateralwards beneath the Trapezius and the Omohyoideus, and enters the 
supraspinatous fossa through the suprascapular notch, below the superior 
transverse scapular ligament ; it then passes beneath the Supraspinatus, and 
curves round the lateral border of the spine of the scapula to the imraspinatous 
fossa in company with the transverse scapular artery. In the supraspinatous 
fosi^a it gives off two branches to the Supraspinatus muscle, and articular 
filaments to the shoulder-joint and the acromioclavicular joint ; and in the 
infraspinatous fossa it gives off two branches to the Infraspinatus muscle, 
besides some filaments to the shoulder- joint and scapula. 

The nerve to the Subclavius is a small nerve which arises from the 
point of junction of the fifth and sixth cervical nerves ; it descends to the 
muscle in front of t-hc^ third part of the subclavian artery and the lower trunk, 
of the plexus, and is usually connected by a filament with the phrenic nerve. 

The long thoracic nerve (nerve of Bell) (fig. 841) supplies the Serratus 
anterior. It usually arises by three roots from the fifth, sixth, and seventh 
cervical nerves, but the root from the seventh nerve may be absent. The 
roots from the fifth and sixth nerves pierce the Scalenus mediiis, while that 
from the seventh passes lateralwards in front of the muscle. The nerve descends 
behind the brachial plexus and the first pait of the axillary vessels, resting on 
the outer surface oi thf' Serrntus anterior. It extends along the .ndc of the 
thorax tq the lower border of that muscle, supplying filaments to each of its 
digitations. 

The branches for tlie Lnngus colli and Scaleni aris*^ from the lower tour 
cervical nerves close, to their points of exit from the intervertebral foramina. 


Jnkraclavicijx.ar Bra]mohes 


The infraclavicular branches are derived froir ’^ho thiet' cords of the brachial 
plexus, but iheir fibres may be traced through the plexus to the spinal nerves 
from which they f)rigiiutte. They arc as follows : 


Lateriil cord . 


Medial coni 


Posterior cord 

I- 


n^at(*ral anterior thoracic . 

, ^/Musculocutaneous . 

(Lateral head of median 
j Medial anterior thoracic . 
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^ Medial brachia* cutaneous 
j Ulnar .... 
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The anterior thoracic nerves (fig. 841) supply Pectoralis major and 
Pectoralis minor. * 

The lateral anterior thoracic nerve, the larger of the two, arises, immediately 
below* the clay^le> from the lateral cord of the, brachial ploxus, and through it 
from the fifth', rsixth, and seventh cervical nerves. £t crosses the axillary artery 
and vein, pierces the coi^bnlayicular fascia, and is distributed to the deep 
surface^qf the Bsctoralis major, ^ It sends a filament to join the medial anterior 
thoracio and form with it a lodp in front of the first part of the axillary artery. 

The medial nerve receives its fibres from the eighth cervioal 

and first thot^i^tM^rves, and arises frpm, the medial cord of the plexus while 
that, cord is stfit on thb lateral side of the axillary artery. It p^soa behind 
the firsts .part of the axillary artery, curves forwards between the axiUai^ 

o.A. ail 
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.artery and yem^ and -Smites in front of the artery with a filamont froin:^he 
lateral anterior t^racic nerve. It then enters the deep surface of the P^oralje 
minor and sup^li^ that muscle. Two or^ three branches pierce the Peotoralls 
minor and end iii the PectoraJis major. 

Fio, 887. — The cutaneous iiertes of 838. — diagram of tee BegxhCiQr 

the right upper extremity. Anterior distribution of the; outanepos 

nerves of the right upper extremity. 
Anterior vie'w\ 



The subscapular nerves, two in nuinh^^ spiring from the 
of the plexus, and through it from the iSfrh mA rixth cervical 


Teroft: majtnr r 



mAvmAii riM3Lv^ 


The thoraccMorsal nerire flo iig a hrMoh ot the 

posterion^oozd of the plexue, deriy^ its nh^ l^in; sixth, and aevehth 

eervicfe^ nca^ves; it follows the coarto of the snhseapular arte^, along the 
posten» wall of the axilla to supply the Latisedmus dorsi, in which it fhay be 
traoep as far as the lower border of the muscle. 

\^e axillary nerve (fig. 342) arises from the posterior 

cord of the brachial plexiis, andiits |^bres are derived from the fifth and sixth 
cervical nerves, It lies at first behind the axillary artery and in front of the ^ 
Subscapularis, and passes downwanla to the lower border of that muscle. 


the long head of the Triceps brachii, and laterally by the surreal neck of the 


hunlei^,|and divides into an anterior and a posterior branch. 

The amerior bremdh winds round the surgical nock of the humerus, beneath 
the Beltoideus, with the posterior humeral circumflex vessels, as fi^ as the 
anterior border of the muscle, supplying it, and giving a few small cutaneous 
branches, which pierce the muscle and rai^y in the skin covering its lower part. 

The posfenor brcmch supplies the Teres minor and the posterior part of the 
.Beltoideus ; upon the branw to the Teres minor an oval enlargement (pseudo- 
ganglion) usually exists. The posterior branch then pierces the deep fascia 
and is continued as the Igi^^aLbtUGhial nerve, which sweeps round 

the posterior border of the Beltoideus and supplies the skin over the lower 
two-thirds of the posterior part of this muscle, as well as that covering the 
longhead of the Triceps brachii (figs. 837, 839). 

of the axillary nerve gives off an articular filament which eilters 
the rilTOlaer-joint belo^t^ the Subscapularis. 

v^^e musculocutaneous nerve (fig. 841) arises from the lateral cord 
oiHhe brachial plexus, opposite the lower border of the Pectoralis minor, 
its fibres being derived from the fifth, sixth, and seventh cervical nerves. It 
pierc^^ the Cpr^obrachialis muscle and ptoses obliquely betw^n the Biceps ^ 
braclui and the. Brachialis, to the laical side of the arm ; a little below the 
elbow it pierces the deep fascia laterally to the tendon of the Biceps brachii 
and is continued into the forearm as the lateral anfibrnchial 
In its uourse through the arm it supplies theTSoracobrachiaus, Biceps brachu^ 
and the greater piJt of the Brachialis. The branch to the Coracobrachialis 
is given off from the musculocutaneous nerve before that nerve enters the 
muscle ; it receives its fibres from the seventh cervical nerve, and in some 
instances* arises directly from the outer cord of the plexus. The branches 
to the Biceps brachii and Brachialis arise from the musculocutaneous nerve 
after it haa pierced the Coracobrachialis ; that supplying the Brachialis gives a , 
fUament to the elbow-joint. The nerve also sends a small branch to the humerus 
which enters the bone with the nutrient artery. 

.. The lateral antibrttehial cutaneous nerve (fig. 837) passes behind the cephalic 
vein, and descends, along the radial border of the forearm to the wrist. It 
supplies the ski^ p^er the lateral half of the volar surface of the forearm and 
distributes which turn round the radial border of the forearm to 

cQlt^Utiicato ;^^the dorsal antibrachial cutaneous nerve and the superficial 
branch >of the ra^l nerve. ^ At the wrist-joint it is placed in front of the 
radial Some filaments, piercing the deep fascia, accompany that 

vpg^' to tht dqz^ surface of the carpus. The nerve then passes downweueds 
to where it ends in cutaneous filaments, ilt commum^ati^ 

' and with thejgia^^ AUtane^^ 

" nejire' presents fitoquent irregularities. It may ad|[^e 

for to the meman nerve and then pass beneath the Bieej^ braShii 

wtiUgh thd. Corahobraqhialsi; of the fibres of the median nerve . 

i^lriui^^dcutaneou^ nem and then leave it to . 
ifinqjnmtly the Inverse is the case» and the ihedian nerve 
mtiaaumeutahe^^ nerve. .The nerve nmy pfm under the 
Occasionally it givfes a 
;db!isial ' surfeee of thumb w]^ 
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The ine<^ antilMrachial cutaneous nerve {mtergal o^taneni^a 
(fig. 841) arises the medial cord of the brachial plexusi it S^ves its 
fibres the righth cervical and first thoracic nerves, and at its compience- 
ment is placed between the arifiary artery and vein. It gives off, near the 

Fio. 889.— Tu?,(9»taneous nerves of Fio. 840.— A diagram of the segmental distri- 

the right upper extremity. Pos- bution of the cutaneous nerves of the right 
tenor view, upper extremity. Posterior view. 



Median C. 6, 8 


axiUa, a filament which pierces the fascia arid sa npliiw Viia 

almost as for as the elbow. Hie nm-ve th«& “ipfra 

ana on tte medial side of the brachkd artery, pierces the dnnp'f^fti with 
the basilio vein, abont the middle of the arm, and divi^ into and 

;an,uhiar bmoclu .[t- ■ 
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^0 mlar branchy the U^ger, passes iieualiy in front of, but occasionally 
behind, the zn^dian. cubital,. vein yein)* It then descends on 

the front of the medial side of the forearm, distributing filaments to the skin 
as far as the wrist, and communicating with the. palmar cutaneous branch 
of the ulnar nerye (fig. 837). 

^e ulnar branch passes obliquely downwards, on the medial side of the 
basilic vein, in front of the medial opicondyle of the humerus, to the back 
of the forearm, and descends on its medial side as far as the wrist, distributing 
filaments to the skin. It communicatfia with, the , medial brachial cutaneous 
nerve, the dorsal antibrachial cutaneous branch of the radial nerve, and the 
dorsai.branch of tjie ifihar nerve (fig. 839). 

The medial brachial cutaneous nerve (lesser internal cutaneous nerve, 
or n^^e of.Wrisberi^ts distributed to the skin on the medial side of the arm 
(% m)- It is the smallest branch of the brachial plexus, and, arising from 
the m^ial cord, receives its fibres from the eighth cervical and first thoracic 
nerves. It passes through the axilla and crosses in front of, or behind, the 
apiary vein. It then runs on the medial side of this vein, and communicates 
with the intercostobrachial nerve. It descends along the medial side of the 
brachial artery to the middle of the arm, where it pierces the deep fascia, and 
is distributed to the skin of the back of the lower third of the arm, extending as 
far as the elbow, where some filaments are lost in the skin in front of the medial 
cpicondyle, and others over the olecranon. It communicates with the ulnar 
branch of the medial antibrachial cutaneous nerve. 

lu some cases the medial brachial cutaneous and intercostobrachial nerves are con- 
nected by two or three filaments, which form a plexus in the axilla. In other cases the 
intercostobrachial nerve is largo and may be reinforced by a part of the lateral cutaneous 
branch of the third intercostal nerve; it then takes the place of the medial brachial 
cutaneous nerve, receiving from the brachial plexus a communicating filament which 
repro^nts the latter nerve ; in a few oases this filament is wanting. 

median nerve (fig. 841) arises by two roots, one from the lateral and 
one from the medial cord of the brachial plexus ; these embrace the lower 
part of the axillary artery, uniting either in front of or laterally to that vessel. 
Its fibres are derived from the.;^[ixth, seventh, and eighth cervical and first ^ 
thoraeie nerves! As it descends through the arm, it lies at first laterally to the - 
brachial artery ; about the level of the insertion of the Coracobrachialis it 
crosses the artery, usually in front of, but occasionally behind it, and lies 
on its medial side at the bend of the elbow, where it is situated behind the 
lacertus fibrosus (bicipital, fascia), and is separate<l from the elbow-joint by 
the Brachialis. It enters the forearm between the two heads of the Pronator 
teres and then crosses the ulnar artery, but is separated from this vessel by the 
deep head of the Pronator teres. It descends beneath the Flexor digitorum 
subumis, lying on the Flexor digitorum profundus, to within 5 cm. of the 
transverse carpal ligament ; here it becomes more suiierficial, and is situated 
between the tendons of the Flexor digitorum sublimis and Flexor carpi radiaUs. 

In this situation it lies behind, and rather to the lateral side of, the tendon of 
the Palmaris longus, and is covered by the skin and fascia. Xt then pa-sses 
behind the transverse carpal ligament into the palm of the hand. In its oourse 
through the forearm it is accompani^, branch of the 

volar mterosseous artery. ' 

Branches , — With the exception of the nerve to the Pj*onator teres, which 
derives its fibres from the sixth cervical nerve, and usually arises above the 
elbow-* joint, the median nerve ipves off no branches in the arm. As it passes 
in front, of the elbow, it supplies one or two twigs to the joint. 

In the forearm its branches are : muscular, volar interosseous, and palmar'. 

The mtiscuiar branches are derived from the nerve near the elbow and ^mpply 
all the ihiperficial muscles on the front of the forearm, except. tho Slexor eaqn 

The vo&isr irdercasecus ntr^e (anterior interosseous nerve) sappliea..thia, 
d^pj^{l»o|e^^ cf except of. the 

accompanies the volar interosseous orterv along 
the; antibraohiad interosseous membrane, in the intervad hetween. 

‘ the j^lliei^longaB and Flexor digitorum prrfundus; supplying 






of tbe the h^ of Hotter imutcle ; it aenda bp^^pchea: into 

the d^p S^on^ (jti|idrat^^.hn4 ends in the wristrfcdnt. 

T^^palntar of the median nerve iMsc^ at the loMrer part of the |<»Fearm. 

It piete^ the voW carpal Ugameat, and divides into a lateral and a medial 
^ branch ; ^the lateral brazicb supplies the skin over the ball of the thumb, and 
copimunicat^ with the volar branch of the laWal antibrachial. cutaneoua 
nerve ; the mipdi^l branch supplies the skin of the palm, and communicates 
withvthe pahn^ cutan^us branch of the ulnar nerve. 

In tte iWffoa hand the median nerve is covered by the skin, the palmar 
aponeurosis and the '*#fiperdoial volar arch, and rests on the tendons of the 
flexor muscles.. Immediately after emerging from under the transverse carpal 
ligament it becomes enlarged and fottened and splits into a lateral and a 
medial 'portion. The laUral portion of the nerve supplies a short, stout branch 
io ce^in of the mnscles of the hall of the thumb, viz. the Abductor brevis, 
the Opponens, and the superficial head of the Flexor brevis, and then divides 
into three proper volar digital rterves ; two of these supply the sides of the 
thumb/ while the third pves a twig to the first Lumbricafis and is distributed 
to the radial side of the index finger. The medial portion of the nerve divides 
into two cof!m<>ii volar digital nerves. The first of these gives a twig to the 
second Lumbricalis and runs towards the cleft between the index and middle 
fingers, where it divides into two proper digital nerves for the adjoining sides 
of those digits. The second runs towards tho cleft between the midme and 
ring fingers, . and splits into two proper digital nerves for the adjoining sides 
of those digits ; it commimicatea with a branch from the ulnar nerve, and 
sometimes sends a twig to the thiid Lumbricalis. 

Opposite the base of the first pba'anx each propcjr digital nerve gives off 
a dorsal branch which joinc the dorsal iier^^ from the superficial branch 


the dorsal surface of the last 
‘digital nerve divides into two 
the othjac,j:amifie8.ar(m*^d 
oper digital nerves are superficial to 


om the medial cord of tho brachial 


of the radial nerve, and supplies th ' 
phalanx. At the end of the di 
branches^ one of which supplies 
an d b^ealE Lthfi nail. On the fingers ; ji 
thejamresponding arteries. 

ulnar nerve (fig. 841) arises 

{ lexus, and derives its fibres from tho eighth ec icai and first thoracic nerves, 
t lies medially to the axillary artery, and t tho brachiab artery as far as the 
middle of the arm. Here it piercee_the. medial intermuscular septum, runs 
obliquely across tho medial head of the Iriceps braohii, and descends to the 
groove between the medial epicoridyle and the olecranon, accompanidd^by tho 
superior. ulnar. At the elbow, it lies in the sulcus nervi umaris 

on the back of tho medial epicondyle, and enters tbp. forearm, betwcpn the .two. 
headiMdJl^ ulnaris. It descends along the medial side of the 

forearm, lying upon the Flexor digitor^m profundus ; its upper half is covered 
by the Elexor carpi ulna/ris, its lower half lies on the lateral side of tho muscle, 
covered by tho skin and fascia. In the upper third of the forearm, it is separilied 
from tfae ulnar artery by a considerable interval, but in the rest of its extent lies 
close to the media! side of the artery. About 5 cm. above the wrist it divides 
into a. dorsal and a volar branch. 

The brar^eS of the ulnar nerve are : articular to the elbow-joint, muscular, 
palm^ cutaneous, dorsal, and volar. 

, hvimheB to the elbow -joint are several small. filaments which 

arise the perve as it lie.s between the medial eiucondyle and olecranon. 

braru^ei, two in number, arise near the elbow ; one supplies 
the ^xor. canri ulnaris ; the other, the medial half of the Elexor digitorum 


arises about the middle of the forearm, and 
ulns^ filaments to the vessel. It. 

/ vic^t eajepal ligament and ends in the skin of the palm, com- 

! z^tmica^iug with tbe paimSr brapeh of the median nerve. 

5 cm. fkbovq tlje wrist ; it passes backwards, 
perforates the deep fascia, and* rwnr^" 

I of thu b^ek of the wrist and band, divides into fiwo do 
.:0u supjb^ the medial side qf th^ little fiupf ; the i 

It all99 senos^i twig / 
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that given by the superficial branch of the radial nerve for the adjoining sides 
of the middle and ring fingers, and assists in supplying them. A braneh is 
distributed to the metacarpal region of the hand, communicating with a twig 
of the superficial branch of the radial nerve (fig. 839). On the-^little finger the 
dorsal diptal branches extend only as far as tto base of the, terminal .pfejanx, 
and on the.ringfinger as far as the base of the second phalanx ; the more d&tal 
parts of tbe^«:»^Mts are supi^lied by dorsal branches derived from the proper volar 
digital branchSs of the ulnar nerve. 

The volar branch crosses the transverse carpal ligament on the lateral side 
of the pisiform bone, medially to and a little behind the ulnar e^rtery. It ends 
by dividing into a superficial and a deep branch. The superficial branch 
supplies the Palmaris brevis and the skin on the medial side of the hand, and 
divides into a proper volar digital branch for the medial side of the little finger, 
and a common volar digital branch which sends a twig to join the median 
nerve and then divides into two proper digital nerves for the adjoining sides 
of the little and ring fingers (fig. 837). The proper digital branches are distri- 
buted to the fingers in the same manner as those of the median. The deep branch, 
accompanied by the deep branch of the ulnar artery, passes between the 
Abductor digiti quinti and Flexor digiti quinti brevis ; it tlion perforates the 
Opponens digiti quinti and follows the course of the deep volar arch beneath 
the flexor tendons. At its origin it supplies the three short muscles of the 
little finger. As it crosses the hand, it supplies all the Interossei and the 
third and fourth Lumbricalos ; it ends by supplyii'ig tlie Adductor pollicis and 
the deep portion of the Flexor pollicis brevis. It al.*o sends articular filaments 
to the wrist-joint. 

It has been pointed out that the medial part of the Flexor digitorum pro- 
fundus is supplied by the ulnar nerve ; the third and fourth Lumbricales, 
which are connected with the tendons of this part of the muscle, are supplied 
by the same nerve. In like manner the lateral part of the Flexor digitorum 
profundus and the first and second Lumbricales are supplied by the median 
nervrf. The third Lumbrioalis frequently receives an additional tivig from 
themedian nerve. 

‘^4he radial nerve (mus-oulosjm’al nerve) (fig. 842), the largest branch 
of the brachial plexus, derives its fibres from the fifth, sixth, seventh, and 
eighth cervical and first thoracic nerves, ft descends behind the third part 
of the axillary artery and the upper part of the bracliial artery, and indent 
of the tendons of the Latissim^is^dorsi and Teres mgtjqix It then wiiids with 
£Kd arteria profunda brachii from tbe medial to the lateral side of the humerus 
in the sulcus nervi radiab’s (musculv>spii’al groove) between the medial and 
lateral heads of the Triceps brachii. It xrierces the lateral intermuscular 
septum, and passes between the Brachialis and Brachioradialis to the front 
of the lateral epicondyle, where it divides into a superficial and a deep 
branch. 

The branches of the radial nerve are : muscular, cutaneous, superficial, and 
deep. ^ 

The muscular branches supply the Triceps brachii, Anconssus, Brachio- 
radialis, Extensor carpi radialis longus, and Brachialis, and ore grouped as 
medial, posterior, and lateral. 

The medial muscular branches supply the medial and long heads of the 
Triceps brachii. That to the medial head’is a long, slender filament^ which 
lies close to the ulnar nerve as far as the lower third of the arm, arid is 
therefore frequently spoken of as the 

The posterior muscular branch, of large size, arises from the part of the 
nerve which lies in the sulcus nervi radians. It divides into filaments , which 
supply the medial and lateral heads of the l^iceps brachii and the AnCQums; 
The branch for the latter muscle is a long nerve, which descends in the substance ' 
of the medial head of the IViceps brachii, to which it gives numerous branches. 
Tt is accompany by,.tbe.j»iddle.c 9 ji^^ 

brachii, aoid crosses the back of the dbow-joint to end in the Anponsoue. . . , \ . 

The lateral muscular branches supply the BrachioradialU, Xkt^^ 
radialis longqe^ ^d the lateral pprt of the Brachialis. ^ ^ I 

. ' The branches are in number, the posterior entafaeoua 

.^d the dorsal antibrachial cutaneous. 
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TlYxq poeterior brachial cutaneous nerve cutaneoua braiijob,..Q£ tbe 

of small size, arises in the axilla. It passes to the medial 
siHe^of the arm and 


supplies the skin on its 
dorsal surface nearlj" as 
far as the olecranon. It 


Fig. 842. — The suprascapular, axillary, and radial 
nerves. 


crosses posterior to, and 
communicates with, the 
intercostobrachial ner^ire. 

The dorsal ardibrachial 
cutaneous nerve (external 
Wtanj^.Jba;an^.Qf ^lus- 
Cu3M£ir4.*-tterve) perfp- 
rates the lateral head of < 
the t’ricops brachii at its 
attachuient to the hum- 
erus? The 'fwper and 
smaller branch of the 
nerve passes to the front 
of the elbow, lying close 
to the cephalic vein, and 
supplies the skin of the 
lateral part of the lower 
half of the arm (fig. 837). 
The lower branch pierces 
the deep fascia below the 
insertion ,of the Deltoi- 
deus, and descends along 
the lateral side of the 
arm and elbow, and then 
along the back of the 
forearm to the wrist, 
supplying the skin in its 
course, and joining, near 
its termination, with dorsal 
branches of the lateral 
antibraohial c ut aneou s 

nerve (fig. 839). 

The superficial 
branch of the radial 
nerve (radial nerve) 
passes along the front of 
the lateral side of the 
forearm to the commence- 
ment of its lower third. 
It lies at first upon the 
Supinator, laterally to the 
radial artery, and con- 
cealed beneath the Brachio- 
ra^alis. In the middle 
third of the forearm, it 
lies behind the same 
muscle, close to the lateral 
side of the artery. It 



quits the artery about r x,. o i.- r j 

7 eyp - above the M^st, passes beneath the tendon of th<5 Brachionidiaas," and, 
piercihg 'the deep fascia, divides into a lateral and a medial branch (fig. 839). 
The lateral branch, the smaller, supplies the skin of the radial side and ball 
of til© thumb, joining with branches of the lateral antibrachial cutaneous 
neryd* The medial branch commiinicates, above the wrist, with dorsal branches' 
(rf the lateral antibrachial cutaneous nerve, and, on the back of the hand^ with 
the dorsal branch of the ulnar nerve. It then divides into four ^tel nerv^, 
which are distrS^ted as follows : the first supplies the medi^ side of the 
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thumb ; the second^ the lateral side of the index finger ; the thirds the adMifing. 
sides of the index and middle fingers ; the fourth communicates' with a fiiimient 
from the dorsal branch of the ulnar nerve, and supplies the adjoining sides of 
the middle and ring fingers.* . . 

The dee, 9 ^ranch of the radial nerve winds 

to the back of^the forearm round the lateral side of the radius between thO; 
two planes of fibres of the Supinator. Before reaching the hack of the limb 
it gives a branch to the Extensor carpi radialis brevis, and another, tp the 
Supinator, and a.s it traverses this latter muscle it supplies additional branches 
to it. As it escapes from the Supinator on the back Af the foreatm it mves 
th^ short branches to the Extensor digitorum communis, Extensor 
qumti proprius and Extensor carpi ulnaris, and two long branches — a medial 
to the Extensor pollicis longus and the Extensor indicis proprius, and a lateral 
which supplies the Abductor pollicis longus and ends in the Extensor poUiois 
brevis. The nerve, now diminished to a fine thread, descends, as the 
i:nf0ro3seou^ jmrmy on the antibrachial interosseous membrane, in front of the 
Extensor pollicis longus, to the back of the carpus, where it presents a gangliform 
enlargement from which filaments are distributed to the ligament^s ahd 
articulations of the carpus. 

Applied Anatomy , — The brachial plexus may be injured by falls from a height on to 
tlie side of the head and shoulder, whereby the nerv s of the plexus are violently 
stretched; the fifth cervical nerve sustains the greatest ft mount of injury, and the sub- 
sequent paralysis piay bo confined to the muscles suppliedv by this nerve, viz. the 
Deltoideus, Biceps brachii, Brachialis, and Braohioradialis, with sometimes the Supra- 
spinatus. Infraspinatus and Supinator. The position of the limb, under such conditions, 
is characteristic: th'^ arm hangs by the side and is rotated inwards; the forearm is 
extended and pronated. The arm cannot be raised from the side; all power of flexion of 
the elbow is lost, as is also supination of the forearm. This is known as Erb's pamlysis, 
and a very similar condition is occasionally met with in new-born children, either Irom 
injury to the fifth nerve frem the pressure of forceps used in effecting delivtry, or from 
traction of the head in breech presentations. A second variety of partial p^sy of* tho 
brachial plexus is known as K’ umpke’s paralysis. In this it is the eighth cervical and 
first thoracic nerves that are injured, either before or after they hav-i, joined to form the 
lower trunk. Atrophy follows in the intrinsic Muscles cf the hand, and in the flexors of 
tho fingers and wrist ; the thenar and hypothenar eminences waste and flatten ; the fingers 
cannot be spread out or approximated, on account of the paralysis of tho Interossei, and 
become olaw(».d. The injury to tha nerves may follow direct violence or a gunshot wound. 

The brachial plexus may also be injured by violent traction on tho arm, or by efforts 
at reducing a dislocation of the shoulder Jomt; r,nd the amount of paralysis will depend 
upon the amount of injury to the constituent nerves. When the entire plexus is involved, 
the whole of the upper extiemity will be paralysed and anaesthetic# In these cases the 
injury appears to be rather a teaiing away of the roots of the nerves from the medulla 
spinalis than a rupture of the nerves themselves. The brachial plexus in the axilla is 
often damaged from the pressure of a crutch, producing the condition known as ‘ crutch 
paralysis.* In these eases t)ie radial (musculospiral) is the nerve most frequently impli- 
cated ; the ulnar nerve suffers next in frequency. The median and radial nerves often 
suffer from * sleep palsies,* paralysis from pressure coming on while the patient is 
profoundly asleep under the influence of alcohol or some narcotic. 

Paralysis of the long thoracic nerve throws tho Serratus anterior out of action, and 
may occur in porters in whom the nerve is exposed to. injury as it crosses the posterior 
triangle of the neck. The inferior angle of the soapula is drawn towards the middle line, 
by the unopposed action of the Bhomboidei and Levator scapules, and tends to project 
backwards when tlie arm is held horizontally forwards^ Tho arm cannot be taise^cit^e 
tho horizontal unless the inferior angle of the scapula is pushed lateralwc^tll^ ijbr ^6 
patient. ^ v , - . . 

The axillary Jtircum flex) nerve ^ on account of its course round the 'surreal neck of 
the humerus, is liable to be tom in fractures of this part of the bemo, and- m di^piisticais' 
of the.shoulder- joint; paralysis of the Beltoideua, and ansesthesia of 
lower part of that muscle, result. According to Erb, inflammation oH)^ dhotil^-jo^ls 
liable to be followed by a neuritis of this nerve from extension of the 
Paralysis of the Deltoid eus renders abduction of tho arm to the horizontal 
The> associated paralysis of the Teres minor is not easily demohi^ated. v '.J ‘ ^ 

[Hilton gave the axillary nerve as an illustra^icm of a. law which he 
' the same trunks of nerves whose branches supply the groups of muanles 

* According to Hutchison, the digital nerve to the thumb reaches only sis ^ 

of nail the one to the forefinger as high as the middle of ihe sec^ 
to.ihh middle and ring fingers not higher than ihe first phAlehgm 
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iumisli ^80 a didiribution of neicves to the t£!km over the insertions of the same muscles^ 
';<and the interior of the joint receives its nervos from the same source. ' In this way he 
' explains the fact that an inflamed joint becomes rigid. 

The medim nerve is liable to injury in wounds of the forearm. In such cases there 
is loss of flexion of the second phalanges of all the fingers, and of the terminal phalanges 
of the index and middle flngem; flexion of the terminal phalanges of the ring and little 
fingers is eflected by that portion of the Flexor digitorum profundus which is supplied 
bv the ulnar nerve. There is power to flex the proximal phalanges through the Interossei. 
The thumb cannot be flexed or opposed, and is maintained in a position of extension and 
adduction. There is loss in the power of pronating the fdrearm ; the Brachioradialis has 
the power. of bringing the forearm into a position of mid-pronation, but beyond this no 
further pronation can be eflected. The wrist can be flexed, if the hand is first adducted 
by the action of the Flexor carpi ulnaris. There is loss or impairment of sensatioix on 
the volar surfaces of the thumb, index, middle, and radial half of the ring lingers, and on 
the dorsal surfaces of the same fingers over fho last two phalanges ; except in the thumb, 
where the loss of sensation would be limited to the back of the distal phalanx. In old 
cases the unopposed action of the Interossei produces backward dislocation of the inter- 
phalangeal joints. The thumb is extended and adducted to the index finger, cannot bo 
fiexed or abducted, and cannot bo opposed to any one of the fingers; in consequence an 
* £^pe-like* hand is produced. More commonly, however, the nerve is injured just above 
the annular ligament, when the power of flexion of tlu^, fingers and pronation of the fore- 
arm remains intact unless the Flexor tendons are also divided. This injury seriously 
interferes with the use of the hand, as, besides the wasting of tho muscles of the thenar 
eminence, great trouble is experienced from the trophic changes which result about the 
skin and nails of the fingers, which are amesthetic. In order to expose tho median nerve, 
for the purpose of uniting the divided ends, supposing the injury to be just above the 
wrist, an incision should bo made along the radial side of the tendon of the Falmaris 
longus, which serves as a guide to the nerve. 

The ulnar nerve is also liable to bo injured in wounds of the forearm, such injury lead- 
ing to impaired power of ulnar flexion, and upon an attempt being made to flex the wrist, 
the hand is drawn to tho radial side from paralysis of the Flexor carpi ulnaris; there is 
inability to spread out the fingers from paralysis of the Interossei, and for the same reason 
the fingers, especially the ring and little fingers, cannot bo flexed at the metacarpo- 
phalangeal joinjis or extended at tho interphalangeal joints, and tho hand assumes a claw 
shape from the action of the opposing miiscles; there is of power of flexion in the 
little and ring fingers; and there is inability to adduct the thumb. The muscles of the 
l^ypCthenar ominenoe become wasted. Sensation is lost, or impaired, in tho skin supplied 
by the nerve. In order to expose the nerve in the lower part of tho forearm, an incision 
should be made along the radial border of the tendon of the Flexor carpi ulnaris, and the 
nerve will be fonnd lying on tho medial side of the ulnar artery. This nerve may be also 
affected in cases of dislocation of the shoulder or fracture of the surgical neck of the 
humerus. Wasting of the muscles which it supplies is not uncommonly seen where a 
‘ cervical rib ’ is present; the lower end of the plexus passing between this and the first 
. thoracic rib. 


The radial (musculospiral) nerve is also frequently injured. In consequence of its 
close relationship to the humerus, it is often torn or injured in fractures of this bone, or 
subsequently involved in the callus that may be thrown out around a fracture, and thus 
pressed upon and its functions interfered with. It is also liable to bo contused against 
the bone by kicks or blows, or to be divided in wounds of tho arm. When paralysed, the 
hand is flexed ^at the wrist and lies flaccid. This is known as wrisUdrop, The fingers are 
fidso flexed, and on an attempt being made to extend them, the last two phalanges only 
will bo extended, through the action of the Lumbricalcs and Interossei; the first 
phalanges remainiug flexed. There is no power of extending the wrist. Supination 
IS completely lost wheif the forearm is extended on the arm, but is possible to a certain 
extent^ forearm be flexed so as to allow of the action of the Biceps brachii. The 
po^er,iiif extension of the forearm is lost on account of paralysis of the Triceps brachii, if 
the tolKPy to the nerve has taken place near its origin. In cases due to pressure, sensation 
is ^rmy'.a^cted ; severe injury to the nerve occasions aniestlieaia over the area supplied 
byjilie superficial branch of the radial nerve, and, if the lesion be high up, on the lateral 
of tibe apper arm and the back of the forearm (posterior brachial and dorsal anti- 
btaebiat eut^eg^s branches) as well. The muscles supplied by the deep branch of the 
'also particularly liable to be affected in chronic lead-poisoning; here tl»e 
the cells of the anterior column of the medulla spinalis. 

: making an incision along tho medial border of the 

just aj^ve tbe level of the elbow-joint. Th(? skin and superficial fascia 
ai;e to be divld^and the fascia exposed. The white lino in the fascia indicating the 
is. to -V defined, and the deep fascia divided in this line, 
nOrve- will be found lying between it and the 
' of the radius posteriorly or on the lateral side should never be 

branch oi radial nerve woiidd be severed . 
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ANTERIOR DIVISIONS OF THORACIC NERVES 

The anterior divisions of the thoracic nerves (fig. 843) aro twelve in 
number on either side. P]lcven of them are situated between the ribs, and 
aro therefore termed intercostal ; the twelfth lies below the last rib. Each 
nerve is connectt^,.;«rith the adjoining ganglion of the sympathetic trunk by a 
grey and a white ramus communicans. The intercostal nerves are distributed 
chiefly to the parietes of the tliorax and abdomen, and differ from the anterior 


Fig. 843. — A diagram of the distribution of the cutaneous nerves on the 
front of the trunk. 


Suprarlamcular nerves 



divisions of the other spinal nerves, in that each pursues an independent 
course, i.e. there is no plexus formation. The first two nerves supply fibres 
to the upper limb in addition to their thoracic branches ; the next four are 
limited in their distribution to the parietes of the thorax ; the lower five supply 
the parietes of the thorax and abdomen ; the lower seven supply both motor 
and sensory fibres to the Diaphragm ; the twelfth is di^ributed to the 
abdominal wall and the skin of the buttock, 

The first thoracic nerve.— The anterior division of the first thoracic 
nerve divides into two b^'anches : one, the larger, leaves the thorax in front of the 
neck of the first rib, and enters the brachial plexus (p. 896 ) ; the other and smaller 
branch, the first intercostal nerve, runs along the first intercostal space, and 
ends on the front of the chest as the first anterior cutaneous branch of *tbe 
^thorax. Occasionally this anterior cutaneous branch is wanting* The .first 
intercostal nerve as a rule gives off no lateral cutaneous branch ; but sometimes 
it sends a small branch to communicate with the intercostohrachial. The first 
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thoracic nerve frequently receives a connecting twig from the second nerve ; 
this twig ascends over the neck of the Second rib* 

The upper thoracic nerves. — ^The anterior divisions of the second, third, 
fourth, fifth, and sixth thoracic nerves, and the small branch from the first 
thoracic, are confined to the parietes of the thorax, and are named thoracic 
intercostal nerves. They pass forwards (fig. 844) in the intercostal spaces below 
the intercostal vessels. At the back of the chest they Jie between the pleura 
and the posterior intercostal membranes, but soon pierce the latter and run 
between the two planes of Intercostal muscles as far as the middle of the rib. 
They then enter the substance of the Tntercostales intemi, and, running amidst 
their fibres as far as the costal cartilages, they gain the inner surfaces of the 
muscles and lie between them and the pleura. Near the sternum, they cross 
in front of the internal mammary artery and Transversus thoracis muscle, 


Fig. 844. — diagram of the course and branches of u typical intercostal nerve. 



pierce the Intercostales interni, the anterior intercostal membranes, and tho 
Fectoralis major, and are now named the anterior cutaneous nerves of the thorax ; 
they supply the skin of the mamma and of the front of the thorax ; the branch 
from the second nerve unites with the anterior supraclavicular nerve.s of the 
cervical plexus. 

Branches . — Numerous slender muscular filaments supply the Intercostales, 
the Subcostales, the Levatores costarum, the Serratus posterior superior, and 
the Ti'ansversus thoracis. At the front of tho thorax some of these branches 
cross the costal cartilages from one intercostal space to another. 

Each of these intercostal nerves, except the first, gives off a lateral cutaneems 
branch, about midway/between tho vertebral column and the sternum. These 
branches pierce tho Intercostales extemi, pass between the digitations of the 
Status anterior, and, with the exception of the lateral cutaneous branch of 
the second intercostal nerve, divide into anterior and posterior branches. 
The anterior branches run forwards over the border of the Pectoralis major and 
supply tudgs to the skin and the mamma ; those of 

.tvdgs to thfiupjper digitations of >the OtJliquus jtbdopjjppiis. The 

pokerior brashes run bl^l^wards, ana supply the skin over the scapula and' 
IiatiSBimus dorsi. 
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Tho lateral out^eous branch of the aecfond intercostal x^enre is haitaed 
the intercostobrcichkii nerve (fig, 841). It crosses the axilla to the ihedial sid^ 
of the arm> and joinh with a filament from the medial brachial cutf^^us nerve. 
It then pierces the fascia brachii, and supplies the skin of the upper half of 
the medial and posterior parts of the arm, communicating with the posterior 
brachial cutaneous branch of the radial nerve. Hie size of the intercostobrachial 
nerve is in inverse proportion to that of the medial brachial cutaneous nerve* 
A second intercostobrachial nerve is frequently given off from the lateral 
cutaneous "u&ach of the third intercostal ; it supplies filaments to the axilla* 
and medial side of the arm. 

The lower thoracic nerves. — ^The anterior divisions of the' seventh, 
eighth, ninth, tenth, and eleventh thoracic nerves are continued anteriorly 
from the intercostal spaces into the abdominal wall ; hence they are named 
tfuiracico’abdcminal i/Uercostal nerves. They have tho same arrangement as 
the upper ones as far as the anterior ends of the intercostal spaces, where 
they pass behind the costal cartilages, and betjKiefin^ihe..DbJ^ 
fiind Transvci’sus abdominis, and enter the sh^ea%,. of 

They supply the Kectus abdominis and end as the antenor cviamoi^Sraiw?ies 
which supply tho skin of the front of the abdomen. The lower intercostal 
nerves supply the Intercostales and abdominal muscles, and the last three send 
branches to the Seiratus posterior inferior. About the middle of their course 
they give off lateral cutaneous branches ; these pierce the Intercostales extend 
and the Obliquus oxternus abdominis, in the same line as the lateral cutaneous 
branches of the upper thoracic nerves, and divide into anterior and posterior 
branches, which are distributed to the skin of the nbdomen and back respec- 
tively ; tho anterior branches supply twigs to tho digitations of the Obliquus 
extemus abdominis, and extend downwards and forwards nearly as far as 
the margin of the Rectus abdominis ; the posterior branches pass backwards 
to supply tho skin over the Latissimus dorsi. 

The anterior division of the twelfth thoracic nerve is larger than the 
others, and often gives a. communicating brangh to the &st It 

accompanies the subcostal artery along the lower border of the twelfth rib, and 
passes under tho lateral lumbocostal arch. It then runs in front of tho Quadratus 
hunborum, perforates the posterior aponeurosis of tho Transversus, and passes 
forwards between it and the Obliquus internus, to be distributed in tho same 
manner as the lower intercostal nerves. It communicates with tho. iliohypo- 
gastric nerve of tho lumbar plexus, and gives a branch to tho Pyramidfolis. 
The Kifcm? cutaneous branch of the twelfth thoracic ^ne^q is large, and dc^s 
not “divide into an anterior and ar posterior brahcli. It pierces the Obliquus 
iuternu^ and Obliquus externus, given a twig to the lowest slip of the latter 
muscle, descends over the iliac crest in front of the lateral cutaneous branch 
of the iliohypogastric nerve (fig. 851), and is distributed to the skin of the 
front part of tho glutmal region, some of its filaments reaching a» low as the 
greater trochanter. . 

Applied Anatomy . — The lower seven thoracic nerves'and the iliohypogastric braUch of 
the first lumbar nerve supply the skin of the abdominal wall. They run downwards and 
forwards fairly equidistant from each othet. The sixth and seventh supply the skin over 
the * pit of the stomach ’ ; the eighth corresponds to about the position bf the middle 
tendinous inscription of the Kectus abdominis; the teuth to the umbilicus; the iUphypo- 

S astric sullies the skin over the os pubis and subcutaneous inguinal ring. In many 
iseases affecting the nerve- trunks at or near their origins, the pain is referred to their 
peripheral terminations. Thus, in Pott’s disease of the vertebr®, children often suffer 
from pain in the abdomen. Wlion the irritation is confined to a single pair of nerves, tee 
sensation complained of is often a feeling of constriction, as if a cord were tied round the^ 
abdomen, and in these case.s the situation of tec sense of constriction may servb to localisa 
the disease in tho vertebral column. > In other cases where the h^ne disease Id more . 

siv^md two or more nerves are involved, a more general, diffused pain in tee abjdofueh 

Again, it must-be borne in mind that the nerves which supply tee skhLof tUe abdox^ep 
supply also the planes of muscle which constitute, tee g^ter port of tl^ abdorpinal 
Hence, any irritation applied to the peripheral end$ ofln^s oii^eous brane):u»S in teq 
of tee abdomen is immediately followed by refiex oerntmetden of teq abdominal 
The supply of bote muscles and skin from the sanib soutee is of in prot^iihg; 

the abdoxnizuil viscera from injury. A blow on thd Abdomen^ e^ea 4f ^aevera clu^cter, ^ 
will db.no injury^ to tee viscera if the muscles are in a cdndl^mx of contraotjdn ; * ; 
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m cases the muscles “have been taken unawares, and the blow has been 
^ stt^k wlule thev were, in a state of rest, an injury insufficient to produce any lesion of the 
aodpminal w^ has been at^nded with rupture of some of the abdominal contents^ The 
, importance, theretoe, of immediate ref^x contraction upon the receipt of an injury 
' be overestimated, and the intimate association of the cutaneous and muscular 

hbres in the same nerve produces a much more rapid response on the part of the muscles 
penpheral stimulation of the cutaneous filaments than would bo the case if the two 
sets of fibres were derived from independent sources, 

Jierves supplying the abdominal muscles and akin, derived from the lower iiJler- 
costal nerves,, are intimately connected with the sympathetic supplying the abdominal 
viscera through the lower thoracic ganglia from which the splanchnio nerves are derived. 
In consequence of this, in laceration of thq abdominal viscera and in acute peritonitis, 
tJw nouscles of the belly wall become firmly contracted, aud thus as far as possible preserve 
the abdominal contents in a condition of rest. 


ANTERIOK DIVISIONS OF LUMBAR NERVES 

Tho anterior divisions of the lumbar nerves increase in size from the 
firat to the last. They are joined, near their origins, by grey rami ccmmunicanlea 
from the lumbar ganglia of the sympathetic trunk. These rami consist of 
long, slender branches which accompany the lumbar arteries round the sides 
of the vertebral bodies, beneath the Psoas major. Their arrangement is 
somewhat 'Irregular : one ganglion may give rami to two lumbar nerves, or 
one lumbar nerve may receive rami from two ganglia. The first and second, 
and sometimes the third and fourth, lumbar nerves are each connected with 
the lumbar part of tho sympathetic trunk by a white ramris communicana. 

The nerves pass obliquely outwards behind tho Psoas major, or between 
its fasciculi, distributing filaments to it and the Quadratus liimborum. The 
first three aud tho greater part of the fourth form tho lumbar plexus. The 
smaller part of the fourth joins with the fifth to form tho lumbosacral trunks 
which assists in the formation of tho sacral plexus. Th^^ fourth nerve is named 
the nerms furcalis, from the fact that it is subdivided between the two 
plexuses,* 


Lumbar Plexi^s 


The lumbar plexus (fig. 845) is situated in tho posterior part of the Psoas 
major, in front oi tho transverse processes of the lumbar vertebrso ; it is formed 
by tho anterior divisions of the first thre«, and the greater j)ai't of the anterior 
division of the fourth, lumbar nerves ; the first lumbar receives 'ii branch 
from the last thoracic nerve. 

The mode in which it is arranged varies in different subjects, but the usual 
condition is the following. The first lumbar nerve, supplemented by a twig 
from the last thoracic, splits into an upper and a lower branch ; the upper, 
lai^er branch divides into the iliohypogaat ric and ilio-inguin^.. nerves ; the 
lower, smaller branch unites mtH a brancli of tho set^iiSf JumKr to form the 
genitofemo ral nerve. The remainder of the second nerve, and the third and 
fourth nerves,, divide into ventral ana dorsal divisions, The ventral division 


of the second unites with the ventral divisions of the third and fourth nerves 
to fopn the obtoator ^nerv e. The dorsal divisions of the second and third- 
nervee each ^vicle intona smaller and a larger branch, the smaller branches 
uniting to finm the la teral femoral cutaneous nerv e, and the larger branches 
Sriito the dora^ aiyjision^^o^ fburtt nerve to form the^ fomoral nyv e. 
lie aee efiBQiy'oK tflretQrw when it exists, arises from the ventral aiviSons ofthe 
tibarSl 

/ zatet ei^ the fourth lumbar is the nervu9 fitrcalis ; but this arrangement ia frequently 
ibhd'ia oceasjioittlfy the lowest nerve which enters the lumbar plezois, 
thoe eomevfibr^ to % saei^ plexus, and thus forming the nervus furbalis i , 
^ both ipd be MM' nerves. V^en this oceurs^ the i^xos » termed 

Oe the fiCbii ii«rve is divided between the lueibar and sacral 

tuto plate, the plem l^ distin* 
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The branches of the lumbar plexus may therefore be arranged as fo&om : 

1 L. 


lUphypogastric 
Hfo-inguinal . 
; ^Genitofemoral 


IL. 

1, 2L. 


Lateral femoral cutaneous 
PeJS>oral 

^-A)btu rater 

Accessory obturator 


Dorsal divisions. 

. 2, 3L. 

. 2, 3,4L. 

Ventral divisions. 
. 2, 3, 4L. 

. 3, 4L. 


The iliohypogastric nerve arises from the first lumbar nerve. It emergen 
from the upjwr part of the lateral border of the Psoas major, and crosses 
obliquely in front of the Quadratus lumboriim to the iliac crest. It then 


Fio. 845. — A plan of the hnnbav ploxus. 



perforates th(^ posterior part of the Transversus abdominis, and divides between 
that muscle and the Obliquus internus abdominis into a lateral and an anterior 
cutaneous branch. , ^ 

The lateral cuUinemis branch pierces the Obliquus internus and Obliquus 
externus imm^iately above the iliac crest at a point about 5 cm. behind the 
anterior superior iliac spine ; it is distributed to the skin of the anterior, part 
tiie glutasal region, behind the lateral cutaneous branch of the Jtftst thoracic 
ne^e (fig. 861). 

anterior, branch (fig. 843) runs between the Obliquus iut^us 

and Transversus, supplying twigs to both muscles. It then pierces the ObUquns 
internus at a point about 2 cm.^ on the medial side of the anterior superfor uiao 
spine, perforates the aponeurosis of the Obliquus extmius about 3 cm. ftbouei 
the sabentaneous inguinal ring, and is distributed to the ddh of the sMbrntti) 
above the ps pubis. 
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The tiOiokypojgastnc nerve communicates with the last thoracic and ilio- 
inguinal nerves. 

The ilio-inguiilal nerve, smaller than the iliohypogastric nerve, arises 
vdth it from the first lumbar nerve. It emerges from the lateral border of the 
Psoas major just below the iliohypogastric nerve, and, passing obliquely across 
the Quadratus lumborum and Qiacus, perforates the IVansversus abdominis, 
near the anterior part of the iliac crest, and communicates with the iliohypo- 
gastric nerve. It then pierces the Obliquus internus, distributing filaments 
to it, and, accompanying the spermatic cord through the subcutaneous inguinal 
ring, 4 distributed to the skin of the upper and medial part of the thigh, to 
the skin over the root of the penis and upper part of the scrotum in the male, 
and to the skin covering the mons pubis (rnons Veneris) and labium majus in 
the female. The size of this nerve is in inverse proportion to that of tlic 
iliohypogastric. Occasionally it is very small, and ends by joining the 
iliohypogastric nerve ; in such cases, a branch from the iliohypogastric takes 
thence of the ilio-inguinal, or the latter nerve may bo altogether absent. 

vThe g^enitofemoral nerve (genitocrural nerve) arises from the first and 
second lumbar nerves. It passes obliquely through the substance of the Psoas 
major, and emerges near its medial border, opposite the tibrocartilago between 
the third and fourth lumbar vertebra) ; it then descends on the surface of 
the Psoas major, under cover of the peritoneum, and divides into the external 
spqriuatic^and . Iqmbo-inguinal nerves. The genitofemoral nerve frequently 
divides close to its origin, and the external si)ermatic and lumbo-inguinal nerves 
then emerge separately through the Psoas major. 

The external spermatic nerve (genital branch of genitocrural) passes lateral- 
wards on the Psoas major, and piercjes the fascia trails vcrsalis, or passes through 
the abdominal inguinal ring ; it then descends behind the spermatic cord, 
supplies the Cremaster, and gives a few filaments to tlic skin of the scrotum. 
In the female, it accompanies the round ligament of the uterus and ends in the 
skin -of the mons pubis and labiiim majus. 

The lumho-imjvinal nerve (crural branch of genitocrural) descends on the 
external Uiac artery, sending a few filaments round it, and, passing beneath 
the inguinal ligament, enters the sheath of th<? femora’ vessels, lydng suporlicially 
and laterally to the femoral artery. It pierces the anterior layer of the sheath 
of the vessels and the fascia lata, and suppUcs a limited area of the skin on 
the anterior surface of the upper part of the thigh (fig. 846). On the front 
of the thigh it communicates with the anterior cutaneous branches of the femoral 
nerve. As the nerve runs beneath the inguinal ligament it gives a few twigs 
to the femoral artery. 

The lateral femoral cutaneous nerve (external cutaneous nerve) arises 
from the dorsal divisions of the second and third lumbar nerves. It emerges 
from the lateral border of the Psoas major, and crosses the lliacus obliquely, 
towards the anterior superior iliac spine. It then passes under the inguinal 
ligament and over the Sartorius muscle into the thigh, whore it divides into 
an anterior and a posterior brancli (tig. 840). 

The anterior branch becomes s\ipt?rficial about 10 cm. below the inguinal 
Ugament, and is distributed to the skin of the anterior and lat(^ral parts of the 
thigh, as far as the knee. Its termimd filaments frocpicntly communicate 
with the anterior cutaneous branches of the femoral nerve, and with the 
infrapatellar branch of the saphenous nerve, forming with them the jtateUar 
plems. 

. The posterior branch pierces the fascia lata at a higher level than the anterior 
branoh, and subdivides into filaments which pass backwards to supply the 
skin on tho lateral surface of the Umb, from the level of the greater trochanter 
the nuddle of the thigh. 

obturator nerve arises from the ventral divisions of the second, 
and {b^th lumbar nerves ; the branch from the third is the hirgpst, 
-while that frc^Hhe second is often very small. It descends through the iibi^s 
. of the Psoas major^ and emerges from its medial border at the brim of the 
pelvis ; it then jiasses behind the common iliac vessels, and on the lateral side 
of the hyt^astric vessels, ruhs along the lateral wall of the lesser pelvis; 
* above ana in front Qf,^e obturator vessels, to the upper part of the obturator 
foramen* ^ llerb th<e thighs ead divides into an anterior and a posterior 

e.A.' 3 m. - 
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branch, which are separated at first by a few fibres of the Obturator extemus, 
and lower down by the Adductor brevis. 


Fig. 846. — The cutaneous nerves of 
the right lower extremity. Front 
view. 


U 




Fig, 847. — A diagram of the segmental 
distribution of cutaneous nerves of 
the right lower extremity. Front view. 



The anterior branch (fig. 848) leaves the pelvis in front of the Obturator 
externus anfi descends in front of the Adductor brevis, and behind the Pectineus 
and Adductor longus ; at the lower border of the latter muscle it commumeates 
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with the anterior outaneous 
farming a kind of plexus, 
which it is finally distri- 
buted. Near the obturator 
foramen the nerve gives off 
an articulaa* branch to the 
hip-joint. Behind the Pocti- 
neus, it distributes branches 
to the Adductor longus and 
Oracilis, and usually to the 
Adductor brevis, and in rare 
cases to the .Pectineus ; it 
receives a filament from 
the acpesaory — -obturator 

nerve w^hen that nerve is 
urgent. 


Occasionally the communi- 
cating branch to the anterior 
cutaneous and saphcnotis 
branches of the femoral nerve is 
continued down, as a cutaneous 
branch, to the thigh and leg. 
When this is so, it emerges from 
beneath the lower border of the 
Adductor longus, descends along 
the posterior margin of the Sar- 
torius to the medial side of the 
knee, where it pierces the deep 
fascia, communicates with the 
saphenous nerve, and is distri- 
buted to the skin half-way down 
the medial side of the leg. 

The posterior branch 
pierces the anterior part of 
the Obturator oxternus, and 
supplies this muscle ; it 
then passes behind the Ad- 
ductor brevis on the front 
of the Adductor magnus, 
and divides into branches 
which are distributed to the 
Adductor ‘ magnus and to 
the Adductor, brevis when 
the latter does not receive 
a branch from the anterior 
division of the nerve. It 
frequently gives off a slen- 
der articular bramh to the 
knee-joint ; this branch 
perforates the lower part 
of the Adductor magnus or 
passes through the opening 
which transmits the femoral 
artery, and enters the popli- 
teal fossa; it here descends 
upon the popliteal artery, 
to the back of the knee- 
joint, where it pierces the 
oblique popHteal ligament, 
and is distributed .to the 
articular ca])sule. It gives 
filaments to the popUteal 
artery. 


and saphenous branches of the femoral nerve, 
It then descends upon the femoral artery, to 

Fia. 848. — The nerves of the right lower 
extremity. Front view. 
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The accessory obturator nerve (fig. 846) is prasent u|^oat 26 w cent^ 
of cases. It is of small size, and arises from the ventral diidsions of third 
and fourth lumbar nerves. It descends along the medial border of the Pboas 
major, crosses the superior ramus of the os pubis behind the Pectineus» aUd 
divides into branches. One branch enters the deep surface of the Pectinew r 
another goes to the hip-joint ; while a third communicates with the anterior 
branch of the obtui'ator nerve. Occasionally the accessory obturator nerve 
is very stnfi^and sxipplics only the hip-joint ; when the nerve is absent, the 
hip-joint receives two branches from the obturator nerve. 

The femoral nerve (anterior omral nerve) (fig. 848), the largest branch 
of the lumbar plexus, arises from the dorsal divisions of the second, third,, 
and fourth lumbar nerves. It descends through the fibres of the Psoas major, 
emerging from the muscle at the lower part of its lateral border, and passea 
down between it and the Iliacus, behind the iliac fascia ; it then runs beneath 
the inguinal ligament, into the tMgh, and splits into an anterior and a posterior 
division. Under the inguinal ligament, it is separated from the femoral artery 
by a portion of the Psoas major. 

Within the abdomen the femoral nerve gives off small branches to the Iliacus, 
and a branch which is distributed upon the upper part of the femoral artery 
the latter branch may arise in the thigh. 

The anterior division of the femoral nerve gives off anterior cutaneoua 
and muscular branches. The anterior cutaneous branches comprise the 
intermediate and medial cutaneous nerves (fig. 846). 

The intermediaie cutaneov<^ nerve pierces the fascia lata about 8 cm. below 
the inguinal ligament, either as two branches, or as o. single trunk which quickly 
divides into two branches ; these branches descend vertically along the front 
of the thigh, and supply the skin as low as the Imee. They end in the patellar 
plexus (p. 917). The lateral branch of the intermediate cutaneous communicates 
with the lumbo-ir^^uinal branch of the genitofemoral nerve, and frequently 
pierces the Sartorius. 

The medial ettianeom nerve lies at first on the lateral side of the femoral 
artery, but at the apex of the femoral triangle it crosses in front of ♦he artery 
and divides into two branches, an anterior and a posterior. The anterior branch 
runs downwards on the Sarf orius, perforates the fascia lata at the lower third 
of the thigh, and divides into two branches : one supplir ; the integument 
as low down as the medial side of the kne'e ; tho other crosses to the lateral 
side of the patella, communicating in iis course with the infrapatellar branch 
of the saphenous nerve. The 'posterior branch descends along the medial border 
of tho Sartorius to the knee, whciv it pierces tho fascia lata, communicates with 
the saphenous nerve, and gives off sev :ral cutaneous branches. It then passes 
down to supply the skin of the medial side of the leg. Beneath tho fascia 
lata, at the lower border of tho Adductor longus, it joins to form a plexiform 
network {subsartorial plexus) with branches of the saphenous and obturator 
nerves. When the communicating branch from the obturator nerve is large 
and continued to the skin of the leg, the posterior branch of the medial cutaneoua 
is small, and terminates in the plexus, occasionally giving off a few cutaneoua 
filaments. 

'The medial cutaneous nerve, before dividing, gives off a few filaments, * 
which pierce the fascia lata, to supply the skin of the inodiaLside of the thigh, 
in the neighbourhood of the great saphenous vein ; one of these Amenta 
emerges through tho fossa ovalis, and a second becomes subcutaneous about 
the middle of the thigh. ^ 

M'liscular branches . — The nerve to the Pectinms arises just below the ingninal 
ligament, passes behind the femoral sheath and enters the anterior sr^aice of 
the muscle ; it is often duplicated. The nerve to the Sartorius arises in 
with the intermediate cutaneous nerve.. ^ , 

ThS/^sterior division of the femoral nerve gives off the si^phenpua ’nerve,. * 
amLwsoular and articular branches. ,1 

Ome saphenous nerve (long or internal saphenous nerte) (fig. 848) is: the 
largest cutaneous branch of the femoral nerve. It descends the later^ 
of the femoral artery and enters the adductor canal (p. il55> inhere 
first in,^ont; and then on the medial side, of the femop^ arts^/ At 
end^Hhe canal it quits the artery, and emerges through. 
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«ovei^ 'at the aooompa^ed by the saphenous branch of^the highest 

E aicular artery. It now descends vertically along the medial side of the 
ee behi^ the Sartorius, pierces the fascia lata, between the tendons of 
the Sartorius ^nd Gracilis, and become subcutaneous. The nerve then passes 
along , the tibial side of the leg, accompanied by the great saphenous vein, 
descends behind the medial border of the tibia, and, at the lower third of the 
leg, divides into two branches : one continues its course along the margin' 
of the tibia, and ends at the ankle ; the other fi^ses in front of the ankle, and 
is distributed to the skin on the inecUal side of the foot, as far as the ball of 
the great toe, communicating with the medial branch of the superficial x)eron8&al 
nerve. 

Branches , — ^About the middle of the thigh, the saphenous nerve gives off 
a branch which idins the subsartorial plexus. 

At the medial side of the knee it gives off a large infrapatellar branch (fig. 846) 
which pierces the Sartorius and fascia lata, and is distributed to the sldn in 
front of the patella. This nerve communicates above the knee with the anterior 
cutaneous branches of the femoral nerve ; below the knee, with other branches 
of the saphenous nerve ; and, on the lateral side of the joint, with branches of 
the lateral femoral cutaneous nerve, forming a plexiform network, the plexus 
patdlce. The infrapatellar branch is occasionally smaU, and ends by joining 
the anterior cutaneous branches of the femoral nerve, which supply its place 
In front of the knee. 

The muscvlar brariches of the posterior division of the femoral nerve supply 
the four parts of the Quadriceps femoris. The branch to tThe Rectus femoris 
enters the upper part of the deep surface of the muscle, and supplies a filament 
to the hip-joint. The branch to the Vastus lateralis, of large size, accompanies 
the descending branch of the lateral femoral circumflex artery to the lower 
part of the muscle and sends an articular filament to the knee-joint. The 
branch to the Vastus medialis descends on the lateral side of thie femoral 
vessels in company with the saphenous nerve. It enters the muscle about 
its middle, and gives off a filament, which can usually be traced downwards 
on the surface of the muscle, to the knee-joint. The branches to the Vastus 
intermedius, two or three in number, enter the anterior surface of the muscle 
about the middle of the thigh ; a filament from one of these descends through 
the muscle to the Articularis genus and the knee-joint. 


ANTERIOR DIVISIONS OP SACRAL AND COCCYGEAL NERVES 

The anterior divisions of the sacral and coccygeal nerves form the 
sacral and pudendal plexuses. The anterior divisions of the upper four sacral 
nerves enter the pelvis through the anterior sacral foramina, that of the fifth 
between the sacrum and coccyx, while that of the coccygeal nerve curves 
forwards below the rudimentary transverse process of the first piece of the 
Coccyx. The first and second sacral nerves are large ; the third, fourth, and 
fifth diminish projj^essively from above downwards ; the coccygeal nerve is 
the Bzp.allest. Each of these six nerves receives a grey ramus communicans 
from the corresponding ganglion of the sympathetic trunk, while from the 
second, third, fourth sacral nerves, white rami communicantes are given 
to the pelvic plexuses of the sympathetic. 

SaORAL PtiBXUS 

^ ^ (fig. 849) is formed by the lumbosacral trunk, the 

enteric^ division of the fi?8t, and portions of the anterior divisions of the second 
thiid e^cral nerves. 

Intnbosadfcal trunk comprises the'whole of the anterior division of the 
fifth mid h mrt of that of the fourth lumbar nerve ; it appears at the media;! 

of thh JPsoaS ma^r and descends over the pelvic brim and in febnt 
4Df tm to join, the first sacral nerve. The antmor division' 

the sacrat nhrve divi^ into an upper and a lower branch, fomer 
the saera) plexus and the latt^ the pudendal ^exus. 
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Tho nerves forming the sacral plexus converge towards the l(iwet part 
of* the greater sciatie foramen, and unite to form a flattened band, from tho 
anterior and posterior surfaces of which several branches arise. The band 
itself is continued as the sciatic nerve; which splits on the back of the thigh 


Fig. 819. — A plan of tho sacral and pudondal plexuses. 



Ath Lumbar 


15 ^ A Lumbar 


Sacral 


Superior glutocab 

Inferior glutoenl 
To Piriform m 


To QuadratuB femoris and / 
Inferior gemellus 
To Obturator internus and 
Superior gemellus 

Post. fern, cutaneous 
Perforaiing cutancou 


2nd Sacral 

Visceral br 

brd Sacral 
Visceral br. 

4th Sacral 
- Vwc«ra^6r. 

5th Sacral 

Coccygeal 


To Levator awt, Coccygeus and I 
Sphincter ani extemus 


Anococcygeal 


into the tibia! and common peronsaal nerves. Sometimes these two nerves 
arise separately from the plexus, and in all cases their independence can be 
shown by dissection. 

Relations. — The sacral plexus lies on the posterior wall of the pelvic cavity 
between the Piriformis and the pelvic fascia (fig. 850) ; in front of it' are the 
hypogastric vessels, the ureter and the si^oid colon*. The supmor glutoal 
vessel run between the lumbosacral trui& and the anterior division of the 
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first sacral nerve, and the inferior glutoal vessels between the anterior divisions 
of the second and third sacral nerves. 

AH the nerves entering the plexus, with the exception of the anterior division 
of the third sacral, split into ventral and dorsal divisions, and the nerves arising 
from these are as follows : 


X ^ j X i? . ' Ventral dhdsions. 
Nerve to Quadratus femons ^ a e' r i cs 

and Gemellus inferior j ^ ^ 

Nerve to Obturator intemus \ ^ y i o q 

and Gemellus superior I ^ ^ 

Nerve to Piriformis 


Superior glutdsal 
Inferior ^ut^ . 

^Posterior fecfmral cutaneous 


Sciatic 


al 

ommon peronml 


2, 3 S. 

4, 5 L., 1, 2, 3 S. 


Dorsal divisions. 


(1)2S. 

4, 5 L., 1 S. 

5 L., 1, 2 S. 

I, 2S. 

4, 5 L., 1, 2 S. 


Fig. 860, — A diasectiou of the side wall of the pelvis, showiii" the sacral and 

pudendal plexuses. 



The nerve to the Quadratue femoris and Gemellus inferior arises from the ventral 
divisions of the fourth and fifth lumbar and first sacral nerves : it leaves the pelvis 
through the greater sciatic foramen, below the Piriformis, and, running down on the 
ischium in front of the sciatic nerve, the Qemelli and the tendon of the Obturator 
internus, enters the anterior surfaces of the muscles ; it gives an articular branch 
to the hip-joint. 
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The nerve to the Obturator intemns and Oemelltui superior arises from the ventral 
divisions of the fifth lumbar and first and second eacral nerves. It leaves the 

E elvis through the greater sciatic foramen below the Piriformis, and gives off the 
ranch to the Gemellus superior, which enters the upper part of the posterior 
surface of the muscle. It then crosses the ischial spine on the lateral side of the 
internal pudendal vessels, re-enters the pelvis through the lesser sciatic foramen, 
and pierces the pelvic surface of the Obturator intemus. 

Tile nerv^^ the Piriformis arises from the dorsal division of the second sacral 
nerve, or the dorsal divisions of the first and second sacral nerves, and enters 
the anterior surface of the muscle. 

The superior glutssal nerve arises from the dorsal divisions of the fourth and fifth 
lumbar and first sacral nerves : it leaves the pelvis through the greater sciatic 
foramen above the Piriformis, accompanied by the superior glutseal vessels, and 
divides into a superior and an inferior branch. The superior branch accompanies 
the upper branch of the deep division of the superior glutaeal artery and ends in 
the Glutsous minimus. The inferior branch runs with the lower branch of the deep 
division of the superior glutaeal artery across the Glutecus minimus ; it gives twigs 
to the Glutseus medius and Glutaeus minimus, and ends in the Tensor fasciss latss. 

The inferior glutaeal nerve arises from the dorsal divisions of the fifth lumbar 
and first and second sacral nerves : it leaves the pelvis through the greater sciatic 
fo^allM^^f7^ below the Piriformis, and divides into branches which enter the deep 
siirfaj^ of the Glutajus maximus. 

^s/Tho posterior femoral cutaneous nerve (small sciatic nerve) arises 
from the dorsal divisions of the first and second, and ventral divisions of the 
second and third sacral nerves, and issues from the pelvis through the greater 
sciatic foramen below the Piriformis. It then descends beneath the Glutaeus 
maximus with the inferior glutaeal artery, and runs down the back of the 
thigh beneath the fascia lata, and over the long head of the Biceps femoris 
to the back of the knee : here it pierces the deep fascia ai\d accompanies the 
small saphenous vein to about the middle of the back of the log, its terminal 
twigs communicating with the sural nerve. 

Its branches are all cutaneous, and are distributed to the glutjeal region, 
the TOrinaeum, and the back of the thigh and leg. 

The glutceal bramhea (nn, clunium inferiores), three or four in number, turn 
upwards round the lower border of the Glutasus maximus, and supply the sldn 
covering the lower and lateral part of that muscle. 

The perinceal branches are distributed to the skin at the upper and medial 
side of the thigh. One long perinaoal branch (inferior pudendal) curves forwards 
below and in front of the ischial tuberosity, pierces the fascia lata, and rims 
forwards beneath the sup<Tfieial fascia of the perineeum to the skin of the 
scrotum in the male, and of the labium majus in the female. It communicates 
with the inferior hasmoiThoidal and ijosterior scrotal nerves. 

The branxhies to the back of the thigh and leg consist of numerous filaments, 
derived from both sides of the nerve, and distributed to the skin covering the 
backhand medial side of the thigh, the i)opliteal fossa, and the upper part 
of the back of the leg (fig. 851). 

The sciatic nerve (fig. 853) is the largest nerve in the body. At its com- 
mencement it measures 2 cm. in breadth, and is the continuation of the flattened 
band of the sacral plexus. It passes out of the pelvis through the greater 
sciatic foramen, below the Piriformis muscle, descends between the greater 
trochanter of the femur and the tuberosity of the ischium, and along the back 
of the thigh to about its lower third, where it divides into two large branches, 
the tibiol and common peronaeal nerves, * This division may take place at an^ 
point between the sacral plexus and the lower thiM of the thigh. When it 
occurs at the plexus; the common peron^ nerve usually pierces the Piriformis. 

In the upper part of its course the nerve rests upon the posterior surf^e , 
of the ischium, the nerve to the Quadratus femoris, the Obturator intemus 
and Gtemelli, and the Quadratus femoris ; it is accompanied on its medial side 
by the posterior femoral cutaneous nerve and the inferior glutoal artory, 
^d is covered by the Glutasus maximus. Lower down, it lies upon the Adductor 
magnus, and is crossed obliquely by the long head of the Biceps fetnoris. 

The nerve gives off articular and muscular branches! . 

The articular branches arise from the upper part of the nerve and supply 
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tne right lower extremity, Pos- 
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Fio, 852.— -A diagram of the segmental 
distribution of the cutaneous nerves 
of the right lower extremity. Pos- 
terior view. 



the Keeps femoris, SemitendinosuS^ 
^*Bmeml«ap<^, ^ Addpotor oiagiuis. The nerve to the short head 
the Bioepc femom from the oommon perona^ part of the eeiaiio, » 
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Fig. 853. — Tbo nerves of the right lower 
extremity.* Posterior view. 
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while the other muscular branches 
arise from the tibial portion, as 
may be seen in those cases where 
there .ia^^rhigh * division of the 
8ciatij>merve. 

tibial nerve (internal pop- 
nerve) (fig. 853), the larger 
of the two terminal branches of the 
sciatic, arises from the ventral 
branches of the fourth and fifth 
lumbar and first, second, and third 
sacral nerves. It descends along 
the back of the thigh and through 
the middle of the popliteal fossa, 
to the lower part of the Popliteus 
muscle, whence it passes with the 
popliteal artery beneath the arch 
of the Soleus. It then rims along 
the back of the leg with the 
posterior tibial vessels to the 
interval between the medial mal- 
leolus and the heel, where it 
divides beneath the laciniato liga- 
ment into the medial and lateral 
plantar ni^rves. In the thigh it 
is overlapped by the hamstring 
muscles above, and then becomes 
more superliiaal, and lies laterally 
to, and some distance from, the 
popliteal vessels ; opposite the 
knee-joint, it is superficial to 
these vessels, and then crosses 
to the medial side of the popliteal 
artery. In the leg it is covered 
in the upper ]>art of its course 
by the superficial muscles of the 
calf ; lower down by the skin and 
the superficial and deep fasciae. 
It is placed on the deep muscles, 
and lies at first to the medial side 
of the posterior tibial artery, but 
soon crosses that vessel and 
descends on its lateral side as 
far as the ankle. In the lower 
third of the leg it runs parallel 
with the medial margin of the 
tendo calcaneus. 

The branches of this nerve 
are : articular, muscular, medial 
sural cutaneous, medial calcaneal, 
medial and lateral plantar. 

Articular bra7iches^ usually 
three in number, supply the 
knee-joint ; two of these accom- 
pany the superior and inferior 
medial genicular arteries ; and a 
third, the middle genicular artery. 
Just above its point of bifurcation 
the nerve gives an articular 
branch to the ankle-joint. 

Muscular brarbches, four or five 


* N.B. — In this diagram tho medial sural cutaneous and peronseal anastomotio nerves have 
been disjdaced by the removal of the superfloial musoles. 
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in number, arise from the nerve as it lies between the two beads of the Gastro- 
cneimus muscle; they supply that muscle, and the Plantaris, Soleiis, and 
Popliteus. The branch for the Popliteus turns round the lower border of 
that muscle, and is distributed to its deep surface. Lower down, muscular 
branches arise separately or by a common trunk and supply the Soleus, Tibialis 
posterior, Flexor digitorum longus, and Flexor hallucis longus ; the branch 
to the last muscle accom{)ames the peronml artery ; that to the Soleus enters 
the deep surface of the muscle. 

The medial mral cutaneous nerve (n. comniiinicans tibialis) descends between 
the two heads of the Gastrocnemius on to the suporheiai surface of the muscle, 
and, about the middle of the back of the leg, pierces the deep fascia, and unites 
with the peronsBal anastomotic branch of the common peronaal nerve to form 
the sural nerve (fig. 851). The sural nerve (external saphenous nerve) passes 
downwards near the lateral margin of the tendo calcaneus, lying close to the 
small saphenous vein, to the interval between the lateral malleolus and the 
calcaneus ; it supplies the skin of the lateral and posterior part of the lower 
third of the leg. It then runs forwards below the lateral malleolus, and is 
continued as the lateral dorsal cutaneous nerve along the lateral side of the foot 
and little toe, communicating on the dorsum of the foot with the intermediate 
dorsal cutaneous nerve, a branch of the superficial peronacal nerve. In the leg, 
its branches communicate with those of the posterior femoral cutaneous nerve. 

The medial calcaneal branch perforates the laciniate ligament, and supplies 
the skin of the heel and medial side of the solo of the foot. 

The medial plantar nerve (fig. 854), the larger of the two terminal divisions 
of the tibial nerve, accompanies the medial plantar artery. From its origin 
under the laciniate ligament it passes under cover of the Abductor hallucis, 
and, appearing between this muscle and the Ijloxor digitorum brevis, gives 
off a proper digital plantar nerve to the medial side of the groat toe and finally 
divides opposite the bases of the metatarsal bones into three common digital 
plantar nerves. 

Branches. — Cutaneous branches pierce the jilaniar aponeurosis between the 
Abductor hallucis and the Flexor digitorum brevis sud arc distributed to the 
skin of the sole of the foot. 

Muscular branches supply the Abductor hallucis, the Flexor digitorum 
brevis, the Flexor hallucis brevis,, and the first Lurnbri calls ; those for the 
Abductor hallucis and Flexor digitorum brevis arise from the trmik of the 
nerve near its origin and enter the deep surfaces of the muscles ; the branch 
for the Flexor hallucis brevis springs from the proper digital nerve to the 
medial side of the great toe, and that for the first Luml)ri(*alis from the first 
common digital nerve. 

Articular branches supply the articulations of the tarsus and metatarsus. 

The prefer digital nerve of the great toe supplies the Flexor hallucis brevis 
and the skin on the medial sid^ of the great toe. 

The three common digital nerves pass between the divisions of the plantar 
aponeiH^sis, and each splits into two proper digital ncuves. Those of the first 
common digital nerve supply the adjacent sides of the great and second toes ; 
those of the second, the adjacent sides of the second and third toes ; and those 
of the third, the adjacent sides of the third and fourth toes.' The third common 
digital nerve receives a communicating branch from the lateral plantar nerve ; 
the first gives a twig to the first Lumbricalis. Each proper digital nerve gives 
off cutaneous and articular filaments, and opposite the last phalanx sends 
upwards a dorsal branch, which supplies the structures around the nail, the 
continuation of the nerve being dLstributed to the ball of the to<.^. It will 
be observed that the digital nerves of the medial plantar nerve are similar 
in their distribution to those of the median nerve in the hand. 

Tlie lateral plantar nerve (fig. 864) supplies the skin of the fifth toe 
and lateral half of the fourth, as well as most of the deep muscles, its distribution 
being similar to that of the ubiar nerve in the hand. It passes obliquely 
forwards with the lateral plantar artery to the lateral side of the foot, lying, 
between the Flexor digitorum brevis and Quadratus plantss, and, in the interv^ 
between the former muscle and the AMuctor digit! quinti, divides into a 
superficial and a deep branch. Before its division, it supplies the Quadratus 
Ionise and Abductor digiti quiuti. 
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The mpefficial hrani^i splits into a proper and a oommoh digital nerve;; ' the 
proper digital nerve supplies the lateral side of thehttle toe, the Flexor digit! 
quinti brevis, and the two Interossei of the fourth intermetatarsal space ; thp 
common digital nerve communicates with the third common digital branch 
of the medial plantar nerve and divides into two proper digital netves which 
supply the adjoining sides of the fourth eind fifth toes. 

The deep branch accompanies the lateral pliuitar artery on the deep surface 
of the tendcrr^j^ the flexor muscles and the Adductor hWlucis, and supplies 
all the InterossS (except those in the fourth metatarsal space), the second, 
third, and fourth Lumbricales, and tlio Adductor hallucis. 


Fjo. 864. — The plantar nerves. 



a 


common peronsal nerve (extomal ^popliteal nerve) (fig. 863), about 
one-balf the size of tlie tibial, is derived from the dorsal branches of the fourth 


and fifth lumbar and the first and second sacral nerves. It descends obliquely 
along the lateral side of the popliteal fossa to the head of the fibula, close to 
the medial margin of the Biceps femoris muscle. 'It lies between the tendon 
of the Biceps femoris and lateral head of the Gastrocnemius muscle, winds 
round the neck of the fibula, between the Peronisus longns and the boiM, tod 
divides beneath the muscle intd the superficial and deep peronssal nervOs. , 
A^svious to its division it gives off articular and latertJ sural cutaneous ntores. . 

The artieuiar branches are three in number ; two of these acobmpany the . 
superior and inferior lateral genicular arteries to the knee ; the upper one 
occasionidly arises from the trunk of the sciatic nei^e. The third, named the 
recurrent articular nerve, is given off at the point of division of the bbmmon . 
peronssal nerve ; it ascmids with the antoior recurrent tibial arte^ throng 
the Tibialis anterior to the front of the knee. , ■ - . “ , 

'^e lateral aural eutaneous nerve sapplies the skin the 'p0st«pi(]^ ;i(^. 
lateral surfaces of the leg; <me bra^ti, the perftMittl anaetomdt^ 

^gtun^sns' fibuliuna), ariaos near tlm head dt .the fibula; dosses the 
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of the Qastroc^mhis to. the n^iddle of the leg, and joins with the medial sural 
cutaDMiis to fotm the sural nerve (p. 923). The p6ron»al anastomotic nerve 
occasionally descends as a separate branch as far as the heel. 

deep peroneal nerve (anterior tibial nerve) (fig. 848) begins at the 
biforoatidn of the common peronseal nerve, between the fibula and. upper part 
of the Peronssus longua, passes obliquely forwards beneath the Extensor 
digitorum longus to the front of the interosseous membrane, and comes into 
relation with the anterior tibial artery in the upper third of the leg ; it then 
{descends with the artery to the front of the ankle-joint, where it divides into 
a lateral and a medial terminal branch. It lies at first on the lateral side 
of the anterior tibial artery, then in front of it, and again on its lateral side 
at the ankle-joint. 

In the leg, the deep peronseal nerve supplies mnscnlar branches to the Tibialis 
anterior, Extensor hallucis longus, Extensor digitorum longus and Poronaous 
tertius, and an articular branch to the ankle-joint. 

The lateral termiiml branch passes across the tarsus, beneath the Extensor 
digitorum brevis, and, having become enlarged like the dorsal interosseous nerve 
at the wrist, supplies the Extensor digitorum brevis. From the enlargement 
three minute interosseous branches are given off, which supply the tarsal joints, 
and the metatarsophalangeal joints of the second, third, and fourth toes. The 
first of these sends a filament to the second Interosseus dorsalis muscle. 

The medial terminal branch accompanies the dorsalis pedis artery along 
the dorsum of the foot, and, at the first interosseous space, communicates 
with the medial dorsal cutaneous branch of the superficial peronasal nerve, 
and divides into two dorsal digital nerves, which supply the adjacent sides 
of the great and second toes. Before it divides it gives off an interosaeaus 
branch which supplies the metatarsophalangeal joint of the great toe and 
sends a filament to the first Interosseus dorsalis muscle. 

The superficial peronaeal nerve (musculocutaneous nerve) (fig. 848) 
begins at the bifurcation of the common peronaoal nerve, passes forwards 
between the Peronaei and the Extensor digitorum longus, pierces the deep 
fascia at the lower third of the leg, and divides into a medial and an inter- 
mediate dorsal cutaneous nerve. In its course between the muscles, it gives 
off muscular branches to the Peronajus longus and Peronaous brevis, and filaments 
to the skin of the lower part of the leg. 

The medial dorsal cutaneous nen)c passes in front of the ankle-joint, and 
divides into two dorsal digital branches, one of which supplies the medial 
side of the great too, the other, the adjacent sides of the second and third 
toes. It also supplies the skin of the medial side of the foot and ankle, and 
communicates with the saphenous nerve and with the deep peronaeal nerve 
(fig. 846). 

The iHtermediatP dorsal cutaneous nervPy the smaller, passes along the lateral 
part of the dorsum of the foot, and divides into dorsal digital branches, which 
supply the contiguous sides of the third and fomth, and of the fourth and 
fifth toes. It also supplies the skin of the lateral side of the foot and anlde, 
and commimicates with the lateral dorsal cutaneous nerve (fig. 846). 

The branches^of the superficial perons&al nerve supply the skin of the dorsal 
surfaces of all the toes excepting the lateral side of the little toe and the adjoin- 
ing sides of, the great and second toes, the former being supplied by th<3 lateral 
dorsal cutaneous branch of the sural nerve, and the latter by the medial 
branch of the deep peronssal nerve. Frequently some of the lateral branches 
of the superficial perohmal are absent, and their places are then taken by 
branofaes of the lateral dorsal cutaneous nerve. 


PUDENPAL P/.KXUS 

Ttv® pudendal plexus (fig. 849) is not sharply marked off from the sacral 
plexus^ and as a conseqpenoe some of the branches which spring from it arise 
m Cbnjunotion with thosdeof tlie si^ral plexus. It lies on the posterior wall of the 
pelyih cavity, and is wuaUy form by branches from the anterior divisions of 
third,, ah^ for^h sacral nerves, the whole of the anterior divieibns 
fifth sacral ahd the oobcygeal nerve. ^ 
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It gives off the following branches r 


Perforating cutaneous 

Pudendal 

Visceral 

Muscular 

iVnococcygcal 




2, 3S. 

2, 3, 4 8 
3,4 8. 



4 8. 

4, 5 S. and Cocc. 


The perfora-ting cutaneous nerve usually arises from the posterior 
surfaces of the ^second and third sacral nerves. It pierces the lower part of 
the sacrotuberous ligament, and, winding round the inferior border of the 
Glutdsus maxinuis, supplies the skin covering the medial and lower parts of 
that muscle. 


t jrforating cutanoous nerve may arise from the pudendal or it may be absent : in 
case its place may be taken by a branch from the posterior femoral cutaneous 
)y a branch from the third and fourth, or fourth and fifth, sacral nerves. 

pudendal nerve (pudic nerve) derives its fibres from the ventral 
\ of the second, third, and fourth sacral nej*ves. It passes between 
the Piriformis and Coccygeus muscles, and leaves the pelvis through the lower 
part of the greater sciatic foramen. It then crosses the spine, of the ischium 
on the medial side of the internal x>ndendal vessels, and passes thi’ough the 
lesser sciatic foramen. It accompanies the internal pudendal vessels upwards 
and forwards along the lateral wall of the ischiorectal fossa, being contained 
with them in a sheath of the obturator fascia terT>ied AlcoeVs camil ; after 
giving off the inferior hsemorrhoidal nerve, it divide*^ into the perinaoal nerve, 
and the dorsal nerve of the penis or clitoris. 

The inferior hcemfjrrhoidal fierce occasionally arises directly from the sacral 
plexus ; it crosses the ischiorectal fossa with the inferior huimorrhoidal vessels, 
towards the anal canal and the lower end of the rectum, and is distributed 
to the Sphincter ani externus and to the skin round the anus. Branches of 
this nerve communicate^ with the perinasal branch of the posterior femoral 
cutaneous and with the posterior scrotal nerves. 

The perhueal mrve, the inferior and larger terminal branch of the pudendal 
nerve, is situated below the internal pudendal artery. It accompanies the 
perinacal artery and divides into posterior scrotal (or labia,:) and muscular 
branches. 

The posterior scrotal branches (superficial pori nasal nerves) are two, a medial 
and a lateral. They pierce, or pass supeificial to, the fascia of the urogenital 
diaphragm, and run forwards alon^ the lateral part of the urethral triangle in 
company with the posterior scrotal jAdixches of the perinssal artery ; they 
are distributed to the skin of the scrotum, and communicate with the perfll^l 
brwch of the posterior femoral cutaneous nerve. In the female tlie‘cbn*e- 
sponding nerves (posterior labial branches) supply j^e labiuixi jngjus. 

The muscular l>ranches are distributed to the ^{^ansversus perin^i^auper- 
ficialis, Bulbocavemosus, Ischiocavernosus, Transversus porinaBi profundus, and 
Sphincter urethrae membranacea3. A branch, the nerve to tk e urethral bulb, is given 
off frorii the nerve to the Bulbocavemosus ; it pierces this mu^le, and supplies 
the corpus caveniosum urethrae, ending in the mucous membrane of the urethra. 

The dorsal nerve of the penis is the deepest division of the pudendal nerve ; 
it accompanies the internal pudendal artery along ’the ramus of the ischium ; 
it then runs forwards along the margin of the inferior ramus of the os pubis, 
between the superior and inferior layers of the fascia of the urogenital dia- 
phragm. Piercing the inferior layer it gives a branch to th.ej ?orpu8 cavemogum 
penjsrand passes forwards, in company with the dorsal artery of the penis, 
b^woen -the layers of the suspensory ligament, on to the doraum of the penis, 
and ends on the glaf^,}^ ponta. In the female the corresponding 'nerve (dorsal 
nerve c/jJc ana supplies the clitoris . 

TTEe visceral branches arise from the third and Idurth, and sometimes 
from the second, sacral nerves, and are distributed to the bladder and rectum 
and, in the female, to the vagina ; they communicate Avith the pelvic plexuses 
of the sympathetic. ' * 

*^0 muscular branches are derived from the fourth sacr^, and supply 
the Levator ani, Coccygeus, and Sphincter ani extenius. The branohea to the 
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Levator ani and Coccygeus enter their pelvic aurfacea ; that to the Sphincter 
ani extemus (perineal branch of fourth sacral nerve) reaches the ischiorectal 
fossa by piercing the Coccygeus or by passing between it and the levator ani. 
Cutaneous filaments from this branch supply the skin between the anus and 
the coccyx. 

Anococcygeal nerves. — The anterior division of the \fifth sacral nerve 
receives a communicating filament from the fourth, and unites with the minute 
anterior division of the coccygeal nerve to form the coccf/geal plexus. From 
this plexus the anococcygeal nerves take origin ; they consist of a few fine fila- 
ments which pierce the sacrotuberous ligament and supply the skin in the 
region of the coccyx. 

Applied Anatomy . — The lumbar plexus passes through the Psoas major, and therefore 
in psoas abscess any or all of its branches may be irritated, causing severe pain in the part 
to which the irritated nerves are distributed. The genitofemoral nervo is the one which 
is most frequently implicated. This nerve is also of importance as it is concerned in one 
of the principal superficial reflexes employed in the investigation of diseases of the 
medulla spinalis. If the skin over the medial side of the thigh just below the inguinal 
ligament (the part supplied by the lumbo-iuguinal branch of the genitofemoral nerve) be 
tickled in the male child, the testis will be retracted, through the action of the Cremaster 
muscle which is supplied by the external spermatic branch of the genitofemoral nerve. 
The same result may sometimes be noticed in adults, and can almost always bo produced 
by severe stimulation. This reflex shows that the portion <'{ thf», medulla spinalis from 
which the first and second lumbar nerves are derived is in a normal condition. 

The femoral nerve is in danger of being injured in fractures of the lesser pelvis, since 
the I'rac.ture most commonly takes place through the superior rainua of the os pubis, at or 
near the point where this nerve crosses the bone. It is also liable to be pressed upon and 
its functions impaired, by some tumours growing in the pelvis. Moreover, on accoimt of 
its superficial position, it is exposed to injury in wounds and stiil)s in the groin. Its 
central origin is often affected in cases of infantile paralysis. When tliis nervo is para- 
lysed, the patient is unable to flex his hip completely, on account of tlio paralysis of the 
lliacus; or to exttmd the knee on the thigh, on account of paralysis of the Qiiiidriceps 
femoris; there is complete paralysis of the Sartorius, and partial paralysis of the Pec- 
tineus. There is loss of sensation down the front and medial side of the thigh, except in 
that part supplied by the lumbo-inguinal and ilio-ingiiinal nerves. There is also loss of 
sensation down the medial side of the leg and foot as far as ball of the great toe. 

The obturator nc*rvo is rarely paralysed alone, but occasionally in assooiation with 
the femoral. The principal interest attached to it is in connexion with its supply to the 
knee, pain'in the knee being symptomatic of many diseases in which the trunk of this 
nerve, or one of its branches, is irritated. Thus it is well known that in tlie earlier stages 
of hip-joint disease the patient may not always comi)lain of pain in tliat articulation, 
but on the medial side of the knee, or in the knee-joint itself, both of these articulations 
being supplied by the obturator nerve, the final distribution of the nerve being to the 
knee-joint. Again, the same tiling may occur in sacro-iliac dist'.ase; or in cases of 
pathological growth of the ovary or tubal inflammation; or in cancer of the sigmoid 
colon; and even in cases where musses of hardened ftrees are impacted in this portion of 
the gut, pain is complained of in the knee. Finally, pain in the knee forms an important 
diagnostic sign in obturator hernia. When the obturator nerve is paralysed, the patient 
is unable to press his knees together or to cross one log over the other, on account of 
paralysis of the Adductor muscles. Rotation outwards of tho thigh is impaired from 
paralysis of the Obturator exteruus. Somotiincs there is loss of sensation in the upper 
half of the medial side of tho leg. 

The sciatic nerve is liable to be pressed upon by various forms of pelvic tumour, giving 
rise to pain along its trimk, to which the term sciatica is applitid. Tumours growing from 
the pelvic viscera, especially advanced cancer of the rectum, aneurysms of some of the 
branches of the hypogastrits art.ery, calculus in the bladder whr^n of large size, accumula- 
tion of faeces in the rectum, may all cause pressure on the nerve inside the pelvis, and give 
rise to sciatica. Outside the pelvis, exostoses or other tumours grow'ing from the margin 
of the greater sciatic foramen may also give rise to the same condition. Most cases of 
sciatica, however, ore due to neuritis of the sciatic nervo from exposure to cold, and it 
occurs more often in men, in the latter half of life, and often in association with rheuma- 
tism, gout, or diabetes mellitus. The inflamed nerve is often sensitive to pressure, 
particularly in certain ‘ tender spots’ (e.g. ne^r the posterior iliac spine, at the sciatic 
notch, about the middle of the back of the thigh, in the popliteal fossa, below the head of 
the fibula, behind the malleoli, or on the dorsum of the foot), and pain is felt whenever 
extension of the leg is attempted and t^e nerve is stretched. Paralysis of tho sciatic 
nerve w rarely complete; when the lesion occurs high up there palsy of the Biceps 
femoris, Semimembranosus, and Somitendinosus, and of all the mur^eles below the knee. 
If the lesion be lower down, there is loss of motion in all the muscles below the knee, and 
loss of sensation in the same situation, except the upper half of tho back of the leg, which 
ifl supplied by .the posterior femoral cutaneous, and in the upper half of the medial 
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side of the leg, when the communioatisg branch of the obturator is largo (p. 015). 
Jjesious of the common peronieal nerve cause paralysis of the Tibialis anterior, the 
PeroDSBi, the long Extensors of the toes, and the short Extensor on the dorsum of the 
foot. * IToot’drop* follows i dorsal flexion of the toes and abduction of the foot being 
impossible. Later on, talipes of the cquinovarus type results, due to the contracture of 
the unopposed posterior crural group of muscles. 

The sciatic nerve has been frequently cut down upon and stretched, or has been acu- 
punctured, for the relief of sciatica. In order to dehue it on the surface, a point is taken 
at the }unctiopF.^f the middle and lower thirds of a line stretching from the posterior 
superior spine oi^e ilium to tlie lateral part of the ischial tuberosity, and a line drawn 
from this to the middle of the upper part of the popliteal fossa. The line must bo slightly 
curved with its convexity outwards, and, as it passes downwards to the lower border of the 
•Glutaeus maximus, is slightly nearer to the ischial tuberosity than to the greater tro- 
chanter, as it crosses a line drawn between these two points. The operation or stretching 
..the sciatic nerve is performed by making an incision over the course of the nerve beneath 
the fold of the buttock. The skin, superficial structures, and deep fascia having been 
divided, the hamstrings are defined, and pulled apart with retractors. The nerve will be 
foimd lying on the Adductor rnaguus and covered by the Biceps fomoris. It is to be 
separated from the surrounding structures, hooked up with the finger, and stretched by 
steady and continuous traction for two or three minutes. The sciatic nerve may also be 
stretched by what is known as the ‘ dry* plan. The patient is laid on his back, the foot 
is extended, the leg flexed on the thigh, and the thigh strongly flexed on the abdomen. 
Wliile the thigh is maintained in this position, the leg is forcibly extended to its full 
extent, and the foot as fully flexed on the leg. 

The position of the common j)orona3al nerve, close behind the tendon of the Biceps 
femoris, on the lateral side of the popliteal fossa, should bo remembered in subcutaneous 
division of tho tendon. After the tendon is divided, the common peronseal nerve rises 
up as a cord, and might be mistaken for a small undivided j ortion of the tendon. Where 
this nerve winds round the neck of the fibula, it is also lial -o to bo severed accidentally 
if its exact situation is not kept in .mind, and (‘.special care must be used when dealing 
with sinuses heading down to carious bone in this situation. Section of the nerve results 
in complete ‘ foot-drop* from paralysis of the anterior tibial grou]> of muscles and 
inversion of the foot ^'om the unopposed action of the Tibialis posterior, the Peronafti 
being paralysed, together with anfcsthesia of the parts supplied by the nerve, and, owing 
to loss of nutrition, Ihe limb frequently becomes blue and cold, and may develop 
* trophic* sores. 


THE SYMPATHETIC NERVOUS SYSTEM 

The sympathetic nerves are distributed to the viscera, glands and blood- 
vessels, and to unstriped muscle in general. They are characterised by tho 
presence of numerous ganglia which r^ay bu divided into central, collateral 
and terminal groups. 

The central ganglia are arranged in two vertical rows, one on either side 
of the middle line, and situated partly in front and partly at the sides of the 
vertebral column. The ganglia of each row are joined by intervening nervous 
cords, so that two trunks, named the sympathetic trunks, are formed. The 
collateral ganglia are found in connexion with three great prevertebral plexuses 
placed within the thorax, abdomen and pelvis and named respectively the 
cardiac, coeliac and hypogastric plexuses. The terminal ganglia are located in 
the walls of the viscera.* 

The efferent fibres of the sympathetic nerves originate as pregangliomc 
fibres (p. 740) which are the axons of cells in the lateral grey column of the 
medulla spinalis. These fibres, medullated and mostly of small size, leave 
the medulla spinalis through the anterior nerve-roots of the spinal nerves 
in a thoracicolumbar and a sacral group. 

The thoracicolumbar group of preganglionic fibres issue through the thoraoia 
an4 the first and second lumbar nerves, and, leaving those nerves in the white 
rami conmunicantes, join the sympathetic trunks. Some ' of them end by 
forming sympses around the ceils of the central ganglia of the sympathetic 
trunks. Others, after . ascending or descending through the sympathetica 
trunks for varying distances, leave them and terminate in synapses around 

Ij^The ciliary, sphenopalatine, otic, and submaxillaty , ganglia, already described with 
the trigeiuinal nerve, form part of the autoiiomio system, and are cloeely allied to the 
sympathetic (p. 741). 
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From the cells of the sympathetic gaiiglia fibres, mostly non-medullated, 
arise. Some of these fibres go directly, or through the preyertebral plexuses, 
to their distril^Ution in the viscera, while others leave the sympathetic ‘trunks 
in the grey rami communicantes and join the spinal nerves, through which 
they are conveyed to the blood-vessels, sudoriferous glands and Arrectores 
piloruin muscles. 

The sacral group of preganglionic fibres emerge in the second, third and 
fourth sacral nerves and constitute the pelvic splanchnic nerves of Gaskell. 
They do nCiS^oin the symiiathetic trunks, but pftss directly into the pelvic 
plexuses of the sympathetic ; from the cells of these plexuses postganglionic 
fibres take origin and are distributed to the viscera of the pelvis. , 


Fig. 857 , — A scheme showing the structure of a typical spinal nerve. 




Sympathetic 

ganglion 



l. SoinAtio efTcrtsnt. Z Somatk' affercut. 3, 4, 5. Sympathetic efferent, ft, 7. Sympathetic afferent. 


As already stated (p. 741) certain fine medullated fibres, homologous with 
the preganglionic fibres from the medulla' spinalis, issue from the oculomotor, 
facial, glossopharyngeal, vagus and accessory cerebral nerves, and pass to 
peripherally placed ganglia. These fibres, together with those of the sym- 
pathetic system, constitute the avtonomic ayatem. 

The afferent fibres of the sympathetic nerves orii^ate in the cells of the 
spinal ganglia. The peripheral processes of these , cells run in the wbjite rami 
communicantes, and, after passing through ohe or more sympathetio fftng lia (but 
always without. interruption in them) end in the viscera, etc. ^e central 
processes enter the medulla spinalis through the posterior nerve-roote and 
form synapses around either somatio or sympathetio neurons. 

The sympathetic trunks extend from the base of the skull to the coccyx. 
The superior extremity of each trunk is continued upwards under the name 
of the mtemal carotid nerve, through the carotid canal into the sktdl; Btere 
it forms the carotid and cavetnous plexnses which constitute the eepAofje 
part of the sympathetio system. The inferior extremiries of tte sympatilietio 
trunks converge sad unite in a single gang^on, the ganglion iMpar, which is 



CEPHALIC PORTION OF THE SYMPATHETIC SYSTEM Ml 


placed in front of the coccyx. The ganglia of each trunk are distinguished 
as cervical, thoracic, lumbar, and sacral^ and, except in the neck, their number 
oorresponds more or less closely to that of the vertebrsa. Thdy are arranged 
thus : 


Cervical portion 
Thoracic „ 
Lumbar „ 
Sacral „ 


3 ganglia 


. 12 
4 

4 or 5 


99 


91 


In^the neck the ganglia lie in front of the transverse processes of the 
vertebras ; in the thoracic region in front of the heads of the ribs ; in the 
lumbar region on the sides of the vertebral bodies ; and in the sacral region 
in front of the sacrum. 


Cephauo Portion of the Sympathetic System 

The cephalic portion of the sympathetic system on each side begins as 
the internal carotid nerve, wliich is continued upwards from the superior 
cervical ganglion of the sympathetic trunk. This nerve is soft in texture, 
and of a reddish colour. It ascends by the side of the internal carotid artery, 
and, entering the carotid canal in the temporal bone, divides into two branches, 
one of which lies on the lateral and the other on the medial side of the artery. 

The lateral branch, the larger of the two, gives filaments to the internal 
carotid artery, and forms the internal carotid pUxua. 

The medial branch also supplies filaments to the internal carotid artery, 
and, continuing onwards, forms the cavernous plexus. 

The internal carotid plexus is situated on the lateral sid(i of the internal 
carotid artery, and in the plexus there occasionally exists a small gangliform 
swelling, the carotid ganglion, on the under surface of the artery. The plexus 
communicates with the semilunar and sphenopalatine ganglia, and with the 
abducent nerve and the tympanic branch of the glossopharyngeal nerve ; it 
distributes filaments to the wall of the carotid arter^^ 

The branches communicating with the abducent nerve consist of one or 
two filaments which join that nerve as it lies upon the lateral side of the internal 
carotid artery. The communication with the sphenopalatine ganglion is 
effected by a branch named the deep petrosal ; this branch passes through 
the cartilage filling the foramen lacerum, and joins the' greater superficial 
petrosal nerve to form the nerve of the pterygoid canal (Vidian nerve), which 
passes through the pterygoid canal to the sphenopalatine ganglion. The 
communication with the tympanic branch of the glosHophar3mgeal nerve is 
effected by the superior and inferior carotifotymj)anic nerves which traverse the 
wall of the carotid canal. 

The cavernous plexus, formed chiefly by the medial division of the internal 
carotid nerve, is situated below and on the medial side of that part of the 
internal carotid artery which is placed by the side of the sella turcica, in the 
cavernous sinus. It gives branches to the internal carotid artery, and 
communicates with the oculomotor, trochlear, ophthalmic, and aMucent 
nerves, and with the ciliary ganglion. 

The branch to the oculomotor nerve joins that nerve at its point of division ; 
the branch to the trochlear nerve joins the latter as it lies in the lateral wall 
cf the cavernous sinus ; filaments are connected with the medial side of the 
ophthalmic nerve ; and one joins the abducent nerve. The filament to the 
ciiiaxy ganglion arises from the anterior part of the cavernous plexus and 
enters the orbit through the superior orbital fissure ; it may join the ganglion 
•directly, or may unite with the long root of the ganglion. 

The terminal filaments from the internal carotid and cavernous plexuses 
are prolonged as plexuses around the anterior and middle cerebral arteries 
and die ophthalmic artery : along the anterior and middle cerebral arteries 
they may be traced to the pia mater ; along the ophthalmic artery into the 
•orbit where they accompany ^h of the branches of that vessel. The filaments 
prolonged, on to the anterior communicating artery connect the sympathetic 
xierves of the'ri|^t and left rides. 
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The cervical portion of each sympathetic tnink consists of tfarS^ piangUa^ 
distin^shed, according to their positions, as the superior, middle, and mferipr, 
connected by intervening cords. This portion receives no white rami conununi* 
cantes from the cervical spinal nerves ; its spinal^ fibres are derived from the 
white rami of the upper thoracic nerves, and enter the ooxresponding thoracic 
ganglia of tiS^ympathetic trunk, through which they ascend into the neck. 

The superior cervical ganglion, the largest of the three, ia placed opposite 
the second and third cervical vertebrsa. It is of a reddish-grey colour, and 
usually fusiform in shape, sometimes broad and flattened, ana oooasionaUy 
constricted at intervals ; it is believed to be formed by the cqdescence of 
four ganglia, corresponding to the upper four cervical nerves. It is in relation," 
in front, with the sheath of the internal carotid artery and internal jugular 
vein ; behihd, with the Longus capitis muscle. The internal carotid nerve 
(p. 931) ascends from the upper end of the ganglion into the cranial cavity ; 
the lower end of the ganglion is united by the connecting trunk with the midme 
cervical ganglion. 

Its branches may be divided into lateral, medial, and anterior. 

The lateral branches consist of grey rami commimicantes to the upper 
four cervical nerves and to certain of the cerebral nerves. Sometimes the 
branch to the fourth cervical nerve may come from the trunk connecting 
the upper and middle cervical ganglia. Delicate filaments run to the ganglion 
nodosum of the vagus, and to the hypoglossal nerve, and a branch, named 
the jtigular nerve, ascends to th3 base of the skull, iuid divides into two twigs, 
one of which joins the petrous ganglion of the glossopharyngeal, and the other 
the jugular ganglion of the vagus. 

The medial branches are the laryngopharyngeal branches and the superior 
cardiac nerve. 

The laryngopharyngeal branches pass to the side of the pharynx, whbre 
they join with branches from the glossopharyngeal and vagus nerves to form 
the pharyngeal plexns, JVom this plexus branches pass to the muscles and 
mucous membrane of the pharynx, and communicate with the superior laryngeal 
nerve. 


The superior cardiac nerve aiises by two or more branches from the superior 
cereal ganglion, and occasionally receives a filament from the trunk between 
th||superior and middle cervical ganglia. It runs* down the neck behind the 
cothmon carotid artery, and in front of the Longus colli muscle ; and oi^es 
in front of the inferior thyi*eoid artery, and recurrent nerve. The course of 
the nerve of the right side then differs from that of the left* The righl nerve, 
at the root of the neck, {msses either in front of or behind the subclavian artery, 
and along the innominate artery to the back of the arch of the aorta, where it 
joins the deep part of the cardiac plexus. It is connected with other branches 
of the sympathetic ; about the middle o^^ the neck it receives filaments from 
the external laryngeal nerve ; lower down, one or two twigs (upper cervical 
branches) from the vagus ; and as it enters the thorax it is joined by a filament 
from the recurrent nerve. Filaments from the nerve communicate with the'^ 
thyreoid branches from the middle cervical ganglion. The left nerve, in the 
thorax, runs in front of the left common carotid artery and across the left 
side of the arch of the aorta, to the superficial part of the cardiac pl^tis. 
Sometimes it descends on the right side of the aorta and ends in the 
part of the cardiac plexus. ^ ^ , 

The anterior branches ramify upon the common carotid artei^^aihd 
upon rthe external carotid artery and its branches, forming round, each a^ 
delicate plexus in ^ which small ganglia are occasionally found, ,plQXuSi< 
sorroundmg the external maxillary attm*y supplies a . filament to 
maxillary ganglion, and the plexus o^tha mid^ meningeal 
offset to the otic ganglion, and another, the external peirosal iierwe, |o tha^ 
genicular ganglion of the facial ner^ 

The middle cervical ganglion 
and is occasionally wanting. « It is 
usually in front close: to, tl 



?(^130N S1^ SYSTEM 933 

' beamed W tbeodfblcssc^oe of tvopuj^ia-OjcnTwponding with the 91 ^ and iiiixth 
oervieai aervea. • 

Xi senda grey rami commtuiicanteB to the fifth and sixth cervical nerres^ 
off thy^id branches, and the middle cardiac nerve. 

The Uiffreoid'lmmches run along the inferior thyreoid artery to the thyxeoid 
gland I they communicate vrith the superior car^ac, external laryngeal and 
recurrent nerves, , . 

The^ middle cardiac nerye^ the, largest of the three cardiac nerves, arises from 
the nnddle cervical ganglion, or from the trunk between the middle and inferior 
gC'Dglia. On the right eide it descends behind the common oarotid artery, 
and at the root of the neck runs either in front of or behind the subclavian 
artery ; it then descends on the trachea, receives a few filaments from the 
recurrent nerye^ and joins the right half of the deep part of the cardiac plexus. 
In the neck, it communicates with the superior cardiac and recurrent nerves. 
On the left side, the middle cardiac nerve enters the thorax between the left 
carotid and subclavian arteries, and joins the left half of the deep part of 
the cardiac plexus. 

The inferior cervical ganglion is "situated between the base of the 
transverse process of the last cervicjEtl vertebra and the neck of the first rib, 
on the medial side of the costocervical trunk. Its form is irregular ; it is 
larger in size than the preceding, and is frequently fused with the first thoracic 
ganglion. It is pfobaoly formed by the coalescence of two ganglia which 
conrespond to the seventh and eighth cervical nerves. It is connected to the 
middle pervical ganglion by two or more cords, one of which forms a loop 
around the subclavian artery, and supplies offsets to it. This loop is named 
the anm eabdavia {Vieuseenii). 

Tie ganglion sends grey rami communicantes to the seventh and eighth 
cervical nerves, gives off the inferior cardiac nerve, and supplies branches to 
blood-vessels. 

The inferior cardiac nefve arises from either the inferior cervical or the 
first thoracic ganglion. It descends behind the subclavian artery and along 
' the front of the trachea, to join the deep part of the cardiac plexus. Behind 
the subclavian artery it communicates with the recurrent and middle 'cardiac 
nerves. 

The offsets to hlood^^sds form plexuses on the subclavian artery and its 
branches. The plexus on the vertebral artery is continued on to the basilar, 
posterior cerebral, and cere^llar arteries. The plexus on the inferior thyreoid 
artery accompanies the artery tp the thyreoid gland, and communicates with 
the rCOurrent and external laryngeal nerves, with*tho superior cardiac nerve, 
and with the plexus on the common carotid artery. 

Thobacio Pobtion of the Sympathetic System (.fig. 858) 

The thoracic portion of the sympathetic trunk consists on either side 
<A a series of ganglia, which usually correspond in number to that of the verte- 
brm ; but, on account of the Occasional coalescence of two ganglia, their number 
is variable. The thoracic ganglia, with the exception of . the last two, rest 
agiunst the, heads of tbo rite, and are covered by the costal pleura ; the last 
two are placed on the sides of the bodies of the eleventh and twelfth thoracic 
vertebrsB. The ganglia are small, and of a greyish colour. The first is la^er 
than the otters, and pi an elongated form ; it is frequently blended with the 
Inferior cervical g^glion. Hie ganglia are connected together by the inter- 
portions of 

Two rami comipunioante^ a white and a grey, connect each ganglion, with 

^ they supply filanteot#' 

eotta the aorta Eiey fomt, togetiter 

iraia the great .iplanohzuo nwve, a ddioate ptexus {pUacua 
Twigt £^9tp Et^aecoacl, third, and fourth gMi|^ enter 

'thaJMfKhir. 

. ' large, tudid white ip eoloer ; 

ter ^ Ojod nMte to form the greater, the loiM«r; 




The Usser s^lawhnic nerve is formed by filaments frpift the ninth and tenth* 
sometimes the tenth and eleventh, thoracic ganglia* and from the trunk between 
the ganglia. It pierces the Diaphragm with the preceding nerve* and joins the 
aorticorenal ganglion. 

The lowest splanchnic nerve arises from the last thoradc ganglion. It 
pierces the Diaphragm with the sympathetic trunk, and ends in. the renal 
plexus. r ^ 

A stcriking analogy ex^ts between the q^tanohnic and 
The caidiac nerves are three in number ^ they niiae firoih the cervical ganj^* 
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are distributed to a large and important orgem in the thoracic cavity. 
The splanchnic nerves, also three in numW, arise from the thoracic ganglia, 
and are distributed to organs in the abdominal cavity. 


Abdominal Pobtion of the Sympathetic System (fig. 859) 

The abdominal portion of each sympathetic trunk is situated in front of 
the vertebral column, along the medial margin of the Psoas major. It consists 
usiially of four lumbar ganglia, connected together by interganglionic cords. 
It is continuous above with the thoracic ]^rtion, bendhth the medial lumbocostal 
arch ; below with the pelvic portion, behind the common iliac artery. 

Grey rami communicantes pass from all the ganglia to the lumbar spinal 
nerves. The first and second, and sometimes the third, lumbar nerves send 
white rami communicantes to the corresponding ganglia. The rami communi- 
cantes are of considerable length, and accompany the lumbar arteries around 
the sidc^ of the bodies of the vertebra, passing beneath the fibrous arches 
which give origin to some of the fibres of the Psoas major. 

Of the branches of distribution^ some pass in front of the aorta, and join 
the abdominal aortic plexus ; others descend in front of the common iliac 
arteries, and assist in forming the hypogastric plexus. 


Pelvic Portion or the Sympathetic System (fig. 856) 

The pelvic portion of each sympathe^c trunk is situated in front of the 
sacrum, medially to the anterior sacral foramina. It oon 3 ist^s of four or live 
small sacral ganglia, connected together by interganglionic cords, and con- 
tinuous above with the abdominal portion. Below, the two pelvic sympathetic 
trunks converge, and unite on the front of the coccyx in a small ganglion, the 
ganglion impar or coccygeal ganglion. \ 

Grey rami communicantes pass from the ganglia to the sjicral and. coccygeal 
nerves. No white rami communicantes arc given to this part of the gangliated 
cord, but the visceral branches which arise from the second, third and fourth 
sacral nerves, and run directly to the pelvic plexuses, are regarded as white 
rami communicantes. 

The branches of distribution communicate *on the froivb of the sacrum with 
the corresponding branches from the opposite side ; twigs from the first two 
ganglia join the pelvic plexus, and others form a plexus on the middle sacral 
artery. Filaments are distributed to the glomus coccygeum (coccygeal, body) 
from the loop uniting the two trunks. 

The following facts concerning the course of the sympathetic nerve-fibres have been 
arrived at by experiments on lower animals, chiefly dogs, I)ut they probably hold good for 
the human sympathetic system 

The sympathetic fibms for the head and neck h^ave the medulla spinalis through the 
upper five thoracic nerves (chiefly through the second and third nerves). They ascend 
in the cervical part of the sympathetic trunk and end in the superior cervical ganglion. 
The fibres arising from the cells of thjs ganglion are vasoconstrictor, for the blood-vessels, 
secretory for the salivary and sudoriferous glands, and dilator for the pupil. 

The accelerator fibres of the heart leave mainly through the second and third ilioracio 
nerves nfid pass to the stellate ganglion.* From the cells of this ganglion fibres are 
distributed to the heart. 

Fibres leave the thoracic spinal nerves (mainly the lower six) and are conveyed 
through the splanchnic nerves to the coBlia6 sanglion, from the cells of which fibres pass 
blood-vessels and viscera of the abdominal cavity. Fibres from the lower thoracic 
and upper three or four lumbar nerves pass through the ganglia of the lumbar part of the 
sympatnetio trunk to the inferior mesenteric ganglion ; from this ganglion fibres are 
conveyed through the hypogastric and pelvic plexuses to the pelvic viscera. 

No spinal fibres pass from the sacral nerves to tlie sympathetic trunks, but the visceral 
branches of second, third and fourth* sacral nerves correspond to white rami com- 
municantes and enter the pelvic sympathetic plexuses. From these plexuses fibres are 
conveyed to the pelvic viscera, and vasodilator fibres (nervi erigentes) to the penis. 

The ponstrictor fibres for; the blood-vessels of the upper limbs leave the thoraoio 
nerves from about the fourth to the tenth inclusive ; those for theiower limbs through the 
lower two or three Ihoraclo and upper three lumbaf nerves. 

: * In the >dtog iha fbUT' thoraoio gangUa of the sympathetic trank are fheed into one 
dbes which is named the sUMaU gang^n. 
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Fig. ftbd^roirial portion of the flympathetio trunks, with the ooeliac and 

hypogastric plexuses. (After Sehle.) 
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, the great plexuses of the SYMPATHSTiq 

The , pleases of the sympathetic ai^ aggregations of nerves 
gaaglia, ^tnatM in the thoracic, abdominat, and pelvic cavities, and named 
the cardiac, cceliac, and hypogastric plexuses. They consist not only of 
sympathetic fibres derived from the ganglia, but of fibres from the medulla 
spinalis, which are conveyed throuahp^he wMte rami communicantes. From 
,^the plexuses branches are givenJpHira thoracic, abdominal, and pelvic viscera. 

iDiAp Plexus (fig. 866) 

The cardiac plexus is situated at the base of the heart, and is divided 
into a mpetjicial and a deep port, which are, however, closely connected. 

The superficial part of the cardiac plexus lies beneath the arch of 
the aorta, in front of the right pulmonary artery. It is formed by the superior 
cardiac branch of the left sympathetic trunk and the lower of the superior 
carefiab branches of the left vagus. A small ganglion, the cardiac gangfion of 
WfUbfirg^ is occasionally found connected vrii^h those nerves at their point of 
junction ; when present it is situated immediately beneath the arch cd. the 
aorta, on the right side of the ligamentum arteriosum. The superficial pari of 
the cardiac plexus gives braiiohes (a) to the deep part of the plexus ; (6) to the 
anterior coronary plexus ; and (c) to the left anterior pulmonary plexus. 

The deep p^ of fhe cardiac plexus is situated in front of the bifurcation 
of the trachea, above the point of ^vision of the pulmonary artery, and behind 
the aortic arch. It is formed by the cardiac nerves derived from the cervical 
ganglia of the sympathetic trunk, and the cardiac branches of the vagus and 
recurrent nerves. The only cardiac nerves which do not join the deep part 
of the cardiac plexus are the superior cardiac nerve of the left sympathetic 
trunk, and the lower of the superior cardiac branches from the left vagus 
nerve, which pass to ihb superficial part of the plexus. 

The branches from the right half of the deep pari* of the cardiac plexus pass, 
some in front of, and others behind, the right pulmonary artery ; the former, 
the more numerous, transmit a few filaments to the anterior pulmonary plexus, 
and arc then continued onwards to form part of the anterior coronary plexus ; 
those behind the pulmonary artery distribute a few filaments to the right 
atrium, and are then continued onwards to form part of the posterior coronary 
plexus. 

The Uft half of the deep part of the plexus is connected with the superficial 
part of tne cardiac pleXus, andgivef filaments to the left atrium, and to the 
anterior 'pulmonary plexus, aimvis^'then continued to form the greater part 
of the posterior cofpt^ry plexus. 

The posteric^ corbnaiy plexus is larger than the anterior, and accom-^ 
panics the left coronary artpi^ ; it is formed chiefly by filaments prolonged 
from the left half of the de<»p pari of the cardiac plexus, and by a few from 
the right half. It^ves branphes to the left atrium and ventricle. 

The anterior coronary plexus is formed partly from the superficial and 
partly from the deep parts of the cardiac plexus. It accompanies the right 
coronary arieryj and gives baches to the right atrium and ventricle. 

The upper cardiac nerves are distributed to the ascending aorta, the pulmonary artery 
and the ventricles ; the lower cardiac nerves, to the atria. 

" ^qoBLiAO Pmsxirs (figs. 866, 860) 

.■ • \ ' 

OsUae or soStr |>lextts, the largest of the three great synapathetw 
^ tiioated at the level of the upper part of the first lumbar Tectel»a, 
and ia oonmosed of two ,lai|^ ganglia^ tiie cceliac ganglia, and a d^ise networic 

nerye>fibrea uniting^ih^ tf^rether. It suirouncu the cceliac artery and 
the jKMt oif the .sufi^(«'|nefnDt«nc artery. It lies bdupd the. stopiach aiid the 
to fMpiOf crura isf the Diaidiragm cmd the ooil^|xt«p»cnieiit ^ 
io$ f^h .acM^, an^^ the suprarenal deads.’ 'Slhh'lMcx^ and' 

and lesser splanchmo nttves ciJlbotli^jiadeB 
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and some filaments from the right vagus, and give oil numerous secondary 
plexuses along tlUk neighbouring arteries. 

The coeliac of 'mnihinar ganglia are two large irregularly-shaped masses having 
the appearance of lymph-glan^, and placed one on either side of the middle line 
in front of the crura of the Diaphragm close to the suprarenal glands, that on 
the right side being placed behind the inferior vena cava. The upper part of 


Fig. coeliao ganglia with the synmathetic plexuses of the abdominal 

viscera radiating from the ganglia. (From Toldt’s ‘Atlas,’ published by 
Afessr^s. Rcbrnan, Ltd., London.) 
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each ganglion is joined by the greater splanchnic nerve, while the lower p^, 
which is more or less detached, and named the aorticorenal ganglion, deceives 
the lesser splanchnic nerve and gives oS the greater part of the renal plexus. 

The secondary plexoses springing from or connected with the coeliao plexnS 
are the following ; 

Phrenic. Benal. 

Hepatic. Spermatic, 

lienal. Superior meswt^c. 

Superior gastric. Abdominal awitic* 

Suprarenal. Inferior mesenteirio. 
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The* phrenic plexus accompanies the inferior, phrenic artery to the Dia<^ 
phragm, some filaments passing to the suprarenal gland. It arises frcwn the 
, upper part of the coeliac ganglion, and is larger on the right than on the left 
side. It receives one or two oranches from the phrenic nerve.* At the point 
of junction of the right phrenic plexus with the phrenic nerve is a small ganglion 
(ganglion phrenioum). This plexus distributes some branches to the inferior 
vena cava, and to the suprarenal and hepatic plexuses. 

The hraatic plexus, the largest offset from the coeliac plexus, receives 
filaments from the left vagus andi right phrenic nerves. It accompanies the 
hepatic artery, ramifying upon its branches, and upon those of the portal vein, 
in the substance of the liver. Branches from this plexus accompany all the 
branches of the hepatic artery. A coni^iderable plexus accompanies the gastro- 
duodenal artery and is^nontinued as the inferior gastric pkxus on the right 
gastro-epiploic artery along the greiiter curvature of the stomach, where it 
unites with offshoots from the lienal plexus. 

' The lienal or splenic plexus is formed by branches from the coeliao 
plexus, left ccnliac ganglion, and right vague nerve. It accompanies the lienal 
artery to the spleen, giving off, in its course, subsidiary plexuses along the 
various branches of the artery. 

The superior gastric plexus accompanieH the left gastric artery along 
the lesser curvature of the stomach, and joins with branches from the left 
vagus. 

The suprarenal plexus is formed by branches from the coeliac plexus, 
from the coeliae ganglion, and from the phrenic and greater splanchnic nerves, 
a ganglion being formed at the point of junction with the latter nerve. The 
plexus supplies the suprarenal gland, and is di.stributed chiefly to its medullary 
portion ; its branches are remarkable for their large size in comparison with 
that of the organ they supply. 

The renal plexus is foruu'd by filaments from the coeliac plexus, the 
aorticorenal ganglion, and the aortic plexus. It is joined also by the smallest 
splanchnic nerve. The nerves from these sources, fifteen or twenty in number, 
have a few ganglia developed upon them. Thc}^ accompany the branches of 
the renal artery into the kidney ; some filaments are tiistributed to the spermatic 
plexus and to the ureter, and, on the right side, to the inferior vena cava. 

The spermatic plexus is derived from the renal plexus, receiving branches 
from the aortic plexus. It accompanies the testicular artery to the testis. 
In the female, the ovarian plexus arises from the renal plexus, and is distri- 
buted to the ovary, and the fundus of the uterus. 

Applied Anatomy , — The intimate connexion wliicli exists between the renal and 
spermatic plexuses serves to explain the very frequent symptom, in renal calculus, of 
pain which is referred to the body of the testis. 

The superior mesenteric plexus ia a continuation of the lower part of 
the coeliac plexus, and receives a branch from the junction of the right vagus 
nerve with the plexus. It surrounds the superior mesenteric artery, accom- 
panies it into the mesentery, and divides into a number of secondary plexuses 
which are distributed to all the parts supplied by the artery, viz. pancreatic 
branches to the pancreas ; jejunal and ileal branches to the small intestine ; 
and ileocolic, right colic, and middle colic branches, which supply the corre- 
sponding parts of the great intestine. The nerves composing this plexus are 
white in colour and firm in texture ; in IJie upper part of the plexus close to 
the orig^ of the superior mesenteric artery is a ganglion (ganglion mesentericmi 
BUpeiriui). 

The abdominal aortic plexus is formed by branches derived, on either 
side, from the dceliac plexus and ganglia, and receives filaments from some 
of the lumbar ganglia. It is situated upon the sides and front of the aenrta, 
*lietii|reen the origins of the superior and imerior mesenteric arteries. From this 
plexus arise part of the spermatic, the inferior mesenteric, and the hypogastric 
plexuses ; It also di8trib|iites filaments to the inferior vena cava. 

The inferior mesenteric plexus is derived chiefly from the aortic pleJfms. 
It Sttitpuhds the inferior mesenteric artery, and just below the origin^ of 
tins veeM the injfhnor ineseAtenc ganglion is situated* The plexus divides into 
a number of secondary .jfiexuses, which axe distributed to all the parts supfdied. 
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by the artery ; ibm left colic and $igpEn<»d pliexa^ suppfy l^ 

and sigmoid pa^ of colon ; and thesnpeiior hmntorrhoi^ i|njp$)Bet 

the reotnm and joins in the pelvis with branches from the pelvic plemises* j * 


HyPOGASTWO PI.BX0S (fig, 860) 

hypi;^^astric plexus is situated in front of the last lumbar vertebra 
and thp pronMltory of the sacrum, between .the two common iliac arteries. 
It is formed by the union of numerous filaments, which desoeml on either 
side from the .aortic plexus, and from the lumbar ganglia. It divides, beJo^, 
into two lateral portions which are named the pelvic^lexttses. 


Pelvic Plexuses (fig, 866) 

The pelvic plexuses supply ^the viscera of the pelvic cavity, and are 
situated at the sides of the rectum in the male, and at the sides of the rectum 
and vagina in the female. They are formed on either side by a continuation 
of the hypogastric plexus, by the visceral branches from the second, third, 
and fourth sacral nerves, and by a few filaments from the first two ^nglia 
of the sacral part of the sympathetic trunk. At the points of junction rfthese 
nerves small ganglia are found. From these plexuses numerous branches are 
distributed to the viscera of the |)elvis. They accompany the branches of the 
hypogastric artery. 

^he middle hmmorrhoidal plexus arises froxu the upper part of the 
pelvic plexus ; it supplies the rectum, and joins with branches of the superior 
haemorrhoidal plexus. 

The vesical plexus arises from the fore part of the pelvic plexus. The 
nerves composing it are numerous, and contain a large propcirtion of spinal 
nerve-fibres. They accompany the vesical arteries, and are distributed to the 
sides and fundus of the bladder. Numerous filaments also pass to the vesiculss 
seminales and ductus deferentes ; those accompanying the ductus deferentes 
join, on the spermatic cords, with branches from the spermatic plexuses. 

The prost^tic plexus is continued from the lower part of the pelvic plexus. 
The nerves composing it are of large size. They are distributed to the prostate, 
vesioulaa seminales, and the corpora cavernosa of the penis and urethra. The 
nerves supplying the corpora cavernosa consist of two sots, the lesser and 
greater cavernous nerves, which a!!?se from the fore part of the prostatio plexus, 
and, after joining with branches fr^»n the pudendal nerve, pass forwards 
beneath the pubic arch. 

The lesser cavernous nerves perforate the fibrous covering of the penis, near 
its root, and are distributed to Its erectile tissue. 

The greater cavernous nerve passes forwards along the dorsum of the penis, 
joins with the dorsal nerve of the penis, and is distributed to the corpora 
cavernosa. 

The vaginal plexus arises from the lower part of the pelvic plexus. It 
is distributed to the walls of the vagina and to the erectile tissue of the vestibule. 
The nerves composing this plexus contain, like the vesical, a large proportion 
of spinal nerve-fibres. 

The uterine plexus accompanies the uterine artery along the side of the 
uterus, between the layers of the broad ligament, and communicates with' 
the ovarian plexus. Its fibres are chiefly distributed^ to the neck/ md the 
lower part of the body, of the uterus. At the side of the neck of. ttke nteru4 
is a colleotion of small ganglia which together form the uterine cervical gtjl^gHon, 

Applied Anatomy . — Little is known as to the connexion between Hie nuine^coua inierp- 
soopioal alterations (pigmentation, atrojphy, luemorrhage, fiWsis) that htfva been' 
described in the sydpawetic nervous system, and the &acti(mal ohanges ensue \ 
therefrom. Grosser lesions due to stabs, bullet-wounds, qr the pressure hsw gi^Vtlis,^ 
may cause either irritative or paralytic symptoms^, In ;parAl|f)if» of c^irvUsl : 

pathetjio on one side, the pupil is small and does not mleW when shined (^6n #e inw ' 

tion of cocainS, although it $sohtraets still furiber when brightfy 
loses the clUospinal rem, failihg td dilate when the skin of 4ha iu^ i| 

•palpelbirel fissute^anows frW^ paralysis of fiiyolunt^.mosele of . 
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the owbit— ea<sptthajin<»--eitlttr from paralTBiB of MttUer's 
muttjle ^ tho which wrroun'^ ^ ey^ like a oomW ouSamiK to 

prod^e exopbthaimoB wbett it cont^a^its, or from was^&g of the intraorbital fat* The 
auj^ei^ial vessele of the face and scalp are at first diiated. but later they contraota 
AnioroBis, or absence of sweating, is often noted on the affected side. Irritation of the 
cervical sympathetic produces signs mainly the converse of those described above. W^e 
nave no definite knowledge of the signs and symptoms that follow lesions of the thoracic 
or abdomix^ sympathetic syst^is. It is likely, however, that a number of nervous 
disordefs characterised by persistent vascular disturbances, such as dilatation of the 
vessels with throbbing, flushing, sweating, and localised tedema, or contraction of 
tee vessds with pallor, chilliness, pain, and malnutrition of the affected parts, are due to 
implication of the sympathetic nervous system. It is possible, too, that the rare cendition 
of progressive facial hemiatrophy ^ coming on between the ages of ten and twenty, and 
producing marked unilateral shrinkage of all the tissues on the affected side of the mce, is 
primarily an affection of the sympathetic. 


THE ORGANS OF THE SENSES AND THE 
COMMON INTEGUMENT 


rpHE organs of the senses may be divided into (a) those of the speoial 
i senses of taste, smell, sight, and hearing, and (6) those associated with 
the general sensations of heat, cold, pain, pressure, &c. 


PERIPHERAL ORGANS OF THE SPECIAL SENSES 
The Organ of Taste 

The peripheral gustatory organs, or organs of taste consist of certain modified 
epithelial cells arranged in flask>shaped groups termed gustatory caJ/yculi or 


Fig- 861 .- a vertical transverse section of the. papiJla foliata of the rabbit. 

(Ranvier.) 



Or. Seroufi gland, g. Gustatory calyctiluR. n. Nerve-bundlpH. p. Central lamina of the 
corlum. p\ Latvral Inminttriii which the iierve-flbreB run. v. 8inus*like vein which tiaverses 
the whole length itf the folium. 


taste^vdst which are found on the tongue and adjacent parts. They occupy 
nests in the stratified epithelium (fig. 861), and are very numerous on the sides 
of the papillsB vallatss and less so on the walls surrounding the papillso. 
They are also found on the fungiform papillse over the posterior part and sides 
of the tongue, and in the general epithelial covering of the same areas. They 
are very plentiful over the fimbrise linguai, and are also present on the under 
surface of the soft palate, and on the posterior surface of the epiglottis. 

" Structure. — Each taste-bud is fiaak-shaped (fig. 862), its broad base 
resting on the oorium, and its neck opening by an orifice, the gustatory pore, 
between the cells of the epithelium. The bud consists of supporting cells 
and gustatory cells. The supporting ceils arc mostly arranged like the stares 
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THE ORGAN OF SMELL 

of a c^k, and fom a complete envelope for the bud. Some, however, are 
found in the interior of the bud between the gustatory cells. The gusMory 
celts occupy the central portion of the bud ; they are spindle-shaped, and 
oaoh possesses a large spherical nucleus near the middle of the cell. The 
peripheral process of the cell ends 
at the gustatory pore in a fine 
hair-like filament, the gustatory 
hair. The central process passes 
towards the deep extremity of 
the bud, and there ends in a 
single or* branched extremity. 

The nerve-fibres, after losing 
their medullary sheaths, enter 
the taste-bud, and end in fme 
fibrils between^the gustatory cells ; 
other nerve-fibrils end between 
the epithelial cells which surround 
the taste-budi but these are 
believed to be nerves of ordinary 
sensation and not gustatory. 

Nerves of taste . — The chorda tympani nerve, derived from the sensory root of the 
facial nerve, and distributed with the lingual nerve, is the nerve of taste for the anterior 
two-thirds of the tongue; the glossopharyngeal is the nerve of taste for the posterior 
one- third of the tongue. 


Fig. 862. — A taste-bud, highly magnified. 


Gustatorif pore and 
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The Organ of (Smeli. 

The peripheral olfactory organ or organ of smell consists of two parts : an 
outer, the external nose, which projects from the centre of the face ; and an 
internal, the nasal cavity, which is divided by a septum into right and left 
nasal chambers. 

The external nose is pyramidal in form, and its upper angle or root 
is connected directly with the forehead ; its free angle is termed the apex. Its 

base is perforated by two elliptical orifices, the 
Fig. 863,— The cartilages of nares, .separated from each other by an antero- 
posterior septum, the columnu. The lateral sur- 
faces of the nose form, by their union in the 
middle line, the dorsum nasi, the direction of 
which varies, considerably in different individuals ; 
the upper part of the dorsum is supported by the 
nasal bones, and is named the bridge. The lateral 
surfaces end below in rounded eminences, the 
alee nasi. 

The framework of the external nose is com* 
posed of bones and cartilages. The bony frame- 
work occupies the upper part of the organ ; it 
consists of the nasal bones, the frontal processes 
of the maxillao, and the nasal part of the frontal 
bone. The cartilaginous franievwk consists of 
five large pieces, viz. the cartilage of the septum, 
the two lateral, and the two greater alar, cartUages, 
and several smaller pieces, the lesser alar cartilages 
(figs. 863, 864, 865). The various cartilages are 
connected to each other and to the bones by a 
tou^ fibrous membrane. 

The cartilage of the septum is somewhat quadri- 
lat^l in form, thicker cLt its margui^ than at its. 
centre, and completes the separation between the nasal cavities in front. Its 
anterior margin, thickest above, is connected with the nasal bones, and is 
continuous with the anterior margins of the lateral cartilages ; below, it is 
connected to the medial crura of we greater alar cartilages by fibrous tissue. 
Its posterior margin is connected with the lamina perpendicularis of the 
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Fia. 864.- 


-The cartilages of the nose. 
From below. 


Greater alar 
cartiloi/f 



Lesfet alar 
cartilage e 


ethmoidal bone ; ita hmer margin with the vom^* and the omiaor (Mat 
maxillae. It may ejctend baokwarda (e8pe(na% in obildeon) as a nan!Oiifr:]|^^ 
the s;phenoiial jiroceaa^' for some distance between the vomer aihd tibie lamiita 
perpendicularis of the ethmoidal bone. In front, the s^talca^iliaged<^ni^ 

form the lower part of the 
This is formed by the medial onirf oi the 
grater alar oartilagea and by thie ddn; 
it is freely movable^ and hence Js.te^Eeed 
the' mottle hoai. 

The lakral cartilage is situated bdow 
the inferior margin of the nasal boM^, and 
is flattened, and triangular in shape. Its 
anterior margin is thicker than the 
l)osterior. and is continuous above with 
the cartilage of the septumf but separated 
from it bdpw by a narrow fissure; its 
superior mar^ is attached to the nasal 
bone and the frontal process of the 
maxilla ; its inferior margin is connected 
by fibrous tissue with the greater alar 
cartilage. 

The greater alar cartilage is a thin, flexible plate, situated immediately below 
the lateral cartilage, and bent upon itself in such a manner as to form the 
medial, anterior, and lateral walls of the naris of its own side. The portion 
which forms the medial wall {crm mediale) is narrow, and is loosely connected 
with the corresponding portion of the opposite cartilage, the two forming, 
together with the thickened skin and subjacent tissue, the septum mobile 
nasi. The psrt which forms the lateral Avail (crtts laterale) is curved to 
correspond writh the ala of the nose ; It is ova! and flatten^, narrow behind, 
where it is connected with the frontal process of the maxilla by a tough fibrous 
membrane, in which are found three or four small cartilaginons plates, the 
lesser alar cartilages. Above, it is connected by fibrous tissue to the lateral 
cartilage and front part of the, cartilage of the septum ; below, it falls short of 
the lateral margin of the naris, the ala being completed by fatty and fibrous 
tissue covered by skin. In front, the greater alar cartilages p»re separated by 
a notch which corre8i)onds with 

the apex of the nose. Fio 866, — The bones and cartilages of the 

septum of the nose. Bight side. 

The muscles acting on the externa" 
nose have. been described on p- 429. 

The skin of the dorsum and sides 
of the nose is thin, and loosely con- 
nected with the subjacent parts; but 
over the tip and alsB it is thicker and 
more firmly adherent, and is furnished 
with a large number of sebaceous fol- 
licles. the orifices of which are usuall.y 
very distinct. 

The arteries of the external nose 
are the alar and septal branches of 
the external maxillary artery, which 
supply the alee and septum ; the dor- 
sum and sides being supplied from the 
dorsal nasal branch of tho ophthalmic 
arteiy and the infraorbital branch of 
the internal maxillary artery. Th©- 
veins end in the anterior facial and 
ophthalmic veins. 

^ nerves for the muscles of the nose are derived from the facial 
sk^ r^eives branches from the infratroohlear and anterior ethmoidal bri^ac^hsi- 6f jbfo 
ophthalmic nerve, and from ‘the infraorbital branch'd! maxillary nerved •> ' ? 

Nasal cavities.^The nasal cavities or ebambers are situated <jme oH. tINfagr 
side of the me(Ban plane.'’ They open in front tbroog^ the nSireaf atidi^ 0iC^ 



munioate bebind. with the nasal of' tho phM}^. tiuoogh 

at'poa^shftiM aijertihiee,' «a<A( 1^^ 


nio go f^ aro somewhat' 
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to 2 om. anterapoBteriorly, hod from 0*5 om. to 1 cm. transversely $.t its widest 
part. two oval opemng^ each measuring 2*5 om. in the verticai, 

and 1*25 om. in the tremsversc direction in a well-developed adult skull. 

Fmr the description of the bony boundaries of the nasal cavities, see p. 266: . 

Inside the apc^ure of the nostril is a alight dilatation, bounded 

latemlly by the ala and the lateral crus of the ^eator alar cartilage, and 
medially by the medial crus of the same cartilage ; it extends as a small recess 
towards the apex of the nose. The vestibule is lined by skin, and in its lower 
part are coarse hairs and sebaceous glands ; the hairs (vibrissse) curve down- 
wards and forwards and arrest the passage of foreign substances carried with 
the otirrent of inspired air. The vestibule is limited alx)ve and behind by a 
curved elevation, the li n^ n nqsi^ along which the cutaneous lining of the 
vestibule. is continuous’wTth the mucous membrane of the nasal cavity. 


Fio. 866. — Tbe lateral wall of tho right nasal favity. 



Pharyngtal orifice of auditory tuht Pharynyeal recess 


Each nasal cavity, above and behind the vestibule, is divided into two 
parts : an limited to the superior nasal concha and tho opposed 

part of the septum, and a re^imtory region, which comprises the rest of the 
cavity. 

Lilteral wall (figs, 866, 867).~On the lateral wall are the sxiperior, middle, 
and inferior nasal conchas, and below and lateral to each concha is tho corre- 
sponding nasal passage or meatus. Above the superior concha is a triangular 
fossa» the recess, into which the sphenoidal sinus opens. The 

mt^erior hhUus is a short oblique passage extending about half-way along 
the upper bcoder of the middle concha ; tho posterior ethmoidal cells open, 
i^sually hy two apertures,, into the front part of this meatus. The miMk 
/puaim, deeper in front tton behind, is below and lateral to the middle concha, 
is:don^ued anteriorly into a shallow depression, situated above the 
vceUb^ and named the middle meatus. Above the atiiam 

a^fiattep^ ridge; termed tjhe bej^ter developed in the new-bom 

oldhl twn in the adnlt; runs lomai^ and downwards ; the fiOrow above 
. / .30 
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it is named the $ulcm dfactorius. ' On raising or* removing the middle eoncha 
the lateral wall of this meatus is fully displayed. On it is a round elevation^ 
the bulla ethmoidalis, and below and in front of this is a curved cleft, the 
hiatus semilunaris. 'The b^lln ethtnoidalis is caused by the bulging of the 
middle ethmoidal cells which open on or immediately above it, and the size 
of the bulla varies with that of its contained cells. The 
is bounded inferiorly by the sharp concave margin of the Hmcinate process 
of the ethmo^al bone, and leads into a curved channel, the infundAtduin^ 
bounded above by the bulla ethmoidalis and below by the lateral surface of the 
uncinate process of the ethmoidal bone. The anterior ethmoidal cells open into 
the front part of the infundibulum : the latter in rather more than 60 percent. 


Fig. 867. — Tho lateral wall of the right nasal cavity; the three nasal conches 

have been removed. 


^ Bristle in infundihuJum 

^Cut edge oi middle concha 
Hiatus semilunaris 
j Bulla ethmoidalis 

( j Opening of middle ethmoidal cells 

' ^ edge of superior concha 

Openings of posterior ethmoidal cells 
Bristle in opening of sphenoidal 



Bristle in nasolac. .mal canal j Out edge of Orifice of Pharyngeal recess 
Bristle in opening of inferior concha auditory 
maxillary sinus tube 


of subjects is continuous with the frontonasal duct or jmssage leading 
from the frontal air-sinus ; but in those cases where the anterior end of the 
uncinate process fuses Avith the front pari of the );)ulla, this continuity is inter- 
rupted and the frontonasal duct then opens directly into the anterior end 
of the middle meatus. Below the bulla ethmoidalis, and partly hidden by 
the inferior end of the uncinate process, is the or opening 

from the maxillary sinus ; in a frontal section of the nose this opening is seen 
to be placed near the roof of the sinus. An accessory opening from the sinus 
is frequently present below and behind the infundibulum. The inferior meafus 
is below and lateral to the inferior nasal concha ; the nasolacrimal duct opens 
into this meatus under cover of the anterior part of the inferior concha. 

Medial wall (fig. 866). — The medial wall or septum is frequently more or 
less deflected from the median plane, thus leaning the size of one nasal cavity 
and increasing that of the other ; ridges or spurs of bone growing into one or 
other cavity from the septum are also sometimes present* Immediately over 
the incisive canal at the lower edge of the cartilage of the septum a depression, 
the is sometimes seen ; it i)oint3 downwards and forwards^ 
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and occupies the position of a canal winch connected the nasal with the buccal 
cavity in early fcetal life. In the septum closer to this'recess a minute orifice 
may be discerned ; it leads backwards into a blind pouch, the rudimentary 
vo mermas al organ of Jacobson, whiclj is supported by a strip of cartilage, the 
mriild^.. This organ is well developed in many of the lower 
anuxuals, wbefe it apparently plays a part in the sense of smell, since it is supplied 
by twigs of the olfactory nerve and is lined by epithelium similar to that in 
tte olfactory region of the nose. 

The roofol the nasal cavity is narrow from side to side, except at its posterior 
part, and may be divided, from behind forwards, into sphenoidal, ethmoidal, 
and frontonasal parts, corresponding to the bones which form it. 

The floor is concave from side to side, flat and almost horizontal antero- 
posteriorly ; its anterior three-fourths are formed by the palatine process of 
the maxilla, its posterior fourth by the horizontal part of the palatine bone. 

The misal murA)us memJlnane lines the nasal cavities with the exception 
of the vestibules, and is intimately adherent to the periosteum or perichondrium. 


Ftg. 868. — A Stoct'on of the olfactory mucous membrane, (Cadiat.) 



a. Epith^Kun.. l., (rlaurtH of Nc ve-biiritllc*«s. 


U is continuous with the mucous uimubrane of th^ nasal pprt of the phar3nix, 
through the choani© ; with the conjunctiva, through the nasolacrimal and 
lacrimal ducts ; ^nd with the mucous membranes of the frontal, ethmoidal, 
sphenoidal, and maxillary sinuses, through the openings of these sinuses into 
the spheno-othmoidal recess and tlie superior and middle meatuses. 

The mucous membrane is thickest and most vascular over the nasal conchas, 
especially at their extremities. It is also thiede over the septum nasi ; but 
it is very thin in the meatuses, on the floor of the nasal cavities, and in the 
various air-sinuses. Owing to the thickness of the membrane, the nasal 
cavities are much narrower, and the middle and inferior nasal conebse appear 
larger and more prominent than in the skeleton ; the various apertures com- 
municating with the meatuses arc also considerably narrowed. 

Structure of the mucous membrane (fig. 868). — The epithelium of the mucous 
membrane diners in its characteristics according to the functions of the part 
of the nose in which it is found. In the respiratory regio7t it is columnar and 
ciliated. Interspersed among the columnar cells are goblet or mucous cells, 
while between their bases are found smaller pyramidal cells. Beneath the 
epithelium and its basemmt membrane is a fibrous layer infiltrated with 
lymph-corpuscles, forming in many parts a diffuse adenoid tissue, and under 
this a nearly continuous layer of smaller and larger glands, some mucous and 
some serous, the ducts of which open upon the surface. In the olfactory region 
the mucous membrane is yellowish in colour and the epithelial cells are columnar 
and non ciliated ; they are of two kinds, supporting cells and olfactory cells. 
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The 8upp0img^.cdk coatain oval nuolei, which are situated in the deeper part# 
of the cells and consti^te tlie zone of oval nuclei ; the superficial part of each 
cell is columnar, and contains granules of yellow pigment, while ita^deep ^rt is 
prolonged as a delicate process which ranges, and communicates with similar 
processes from neighbouring cells so as to form a network in the mupoua 
membrane. Lying between the deep processes of the supporting cells, aire a 
number of bipolar nerve-cells, the olfactqrji each consisting of a small 
amount of grajaular protoiJasm with a large spherical nucleus, and possessu^ 
two prooesscs-^superfici^ process which runs between the columnar epitheli^ 
cells, and ends at the surface of the mucous membrane in one or more finOr 
hair-like processes, the olfuct^y Imrs ; the deep process runs inward^*, is 
frequently beaded, and is continued as an olfactory norve-fibre (p, 847 ). Beneath 
the epithelium, and extending through the thickness of the mucous membrane,, 
is a layer of tubular, often branched, glands, the ^oivman, similar in 

structure to serous glands. 

VesBeln and Nerves . — The arteries of the nasiil cavities are the anterior and posterior 
ethmoidal l)ranGJ)es of the oplithalinic artery, which supply the ethmoidal cells, frontal 
sinii.scs, aiid roof of the nose ; tlie sphonopalatino branch of the intenial maxillary artery,, 
which supplies the mucoiis membrane covering the conchue, the meatuses, and septum; 

the septal ramus of the. superior labial 
Fig. 869.— The uc^rves of the septum branch of the external maxillary 

of the nose. Right side. artery; the infraorbital and alveolar 

branches of the internal maxillary 
artery, which supply the lining mem- 
branes of the maxillary sinus ; and the 
pharyngf d branch of the same artery ^ 
iJistribiitiHl to thii sphenoidal sinus. 
The ramificati(jns of these vessels form 
a close plexiforni notw'ork, beiioath 
and in the substance of tho mucous 
membrane. 

The veins fonn a close cavernous 
plexus beneath tho mucous mem- 
brane. This plexus is especially 
marked* ever the lov;cr part of the 
scptiirn and over the middle and in- 
ferior coKchie. Some of the veins 
op<;u into the H})henopalatiric vein; 
otliers join the anterior facial vein; 
some ficcornpony the ethmoidal 
ar^rios, and end in the ophthalmic 
veins; a few communicate with the 
veins on tho orbital surface of the 
froutal lobe of the brniii, thrc)iiglt tlie foraimna in the lamina cribrosa of the ethmoidal 
bone. When tho foraiiKui cicoiun i.s patent it tran8mit.s a vein from the nasal enviW to 
the superior sagittal sinus. 

The lymphatics are de.scribed on p. 717. 

Tho nerves of ordinary sensation arc ; the anterior ethmoidal branch of the nasociliary 
nerve, filainents from tho anterior alveolar branch of the maxillary nerve, the nerve of 
the pterygoid canal, the nasopalatine, the anterior palatine and nasal branches of the 
sphenopalatine ganglion. 

The anterior etlirnoidal branch of the nasociliary nerve distributes filaments to the 
anterior parts of the septum and lateral wall. Filaments from the anterior alveolar 
nerve supply the inferior meatus and inferior concha. The nerve of the pterygoid canal 
supplies the upper and posterior parts of tho septum, and superior concha; and the upper 
nasal branches from the sphenopalatine ganglion have a similar distribution. The naso- 
palatine nerve supplies the middle of the septum. The anterior palatine nerve supplies 
the lower nasal branches to the middle and inferior oonch«j. 

The olfactory nerve is distributed to the olfactory region. Its fibres arise from, the 
bipolar olfactory cells and are destiuito of medullai'y sheaths. They unite in fasciculi 
w’hich cross one another in varioiis directions, aiid thus give rise to tho appearance of a 
lexus in the mucous membrane, and then ascend in grooves or canals in the etiwnoidal. 
one ; they pass into the skull through the foramina in the lamina cribrosa of the ethmoid 
and enter the under surface of tho olfactory btilb, in which they ramify and form svnapsea. 
with the dendrites of the mitral cells (fig. 808). ' 
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Aocessoby Sinuses of the Nose (figs. 866, 867, 870) 

The aooe88<»y smuses or air^celb of the nose are the frontal, ethmoidal, 
sphenoidal, and maxillary ; they vary in size and form in different individuals, and 
are lined by mucous membrane continuous with that of the nasal cavities. 

The frontal sinuses, two in number, are situafod behind the superciliary arches ; 
they are rarely symmetrical; and the septum between them frequently deviates 
to one or other side of the middle line. Their average measurements are as follows : 
height, 3-16 cm. ; Ibreadth, 2*58 cm. ; depth from before backwards, 1*8 era. 
Each opens into the anterior part of the corresponding middle meatus of the nose 
through the frontonasal duct, which traverses the anterior part of the labyrinth 
of the ethmoid.. Small at biith, they are generally fairly well developed between 
the seventh and eighth years, but only reach their full size after puberty. 


Fig. 870. — A coronal section of the nasal cavities. 
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The ethmoidal air-cells consist of numerous thin- walled cavities situated in the 
othmoidal labyrinth, and completed by the frontal, maxillary, lacrimal, sphenoidal 
and palatine Imnes. They lie oetween the upper parts of the nasal cavities and the 
orbito, and are separated from the latter by thin bony laminae. On either side 
they are arranged in three groups, anterior, middle, and posforior. The anterior 
and huddle groups open into the middle meatus of the nose, the former by way gf 
the infuhdibulum, tne latter on or above the bulla ethmoidalis. The jKiaterior 
oells 0 ]^n into, the superior meatus under cover of ,the superior nasal concha ; 
apihetimi^ ,one or more opens into the sphenoidal sinus. The ethmoidal cells 
to develop during fcetal life. 

Tb/^ siAetlOtdal sinuses, two in number, are contained within the body of the 
sphexM>idcd bone ; they vary in size and shape, and, owing to the lateral displacement 
of the intervening septum, are rarely symmetrical. The following are their average 
measuzemepts : veaftieal ight, 2; cm. ; transverse breadth, 1*8 cm. ; antero- 
posterior depth, 2*1 cm. When exceptionally large they may extend into the roots 
of tjhe pterygoid proeesi^s or great wings, and may invade the basilar part of the 
cciiifiw 1t>onew Eadh sinus communicates with the spheno-ethmoidal recess by 
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an a^rturc in the upper part of its anterior wall. They are present as minute 
cavities at birth, but their main development takes place after puberty. 

The maxillary siniui or antrum of H^hmore* the largest of the accessory sinuses 
of the nose, is a pvramidarcavity in the hody of the maxilla. Its base is formed 
by the lateral wall of the nasal cavity, and its apex extends into the zygomatic 
process. Its roof or orbital wall is frequently ridged by the infraorbim canal, 
while its floor is formed by the alveolar process and is usually about 1 '26 om. below 
the level of tbr^por of the nose ; projecting into the floor are several conical eleva- 
tions corresponding with the roots of the first and second molar teeth, and in some 
cases it is perforated by one or more of these roots. The size of the sinus varies 
in different skulls, and even on the two sides of the same skull ; when large, its 
apex ma}' invade the zygomatic bone. The following measurements are those 
of an average-sized sinus : vertical height opposite the first molar tooth, 3*6 cm. ; 
transverse breadth, 2-5 cm. ; anteroposterior depth, 3'2 cm. In the anterosuporioi 
part of its base is an opening through which it communicates with the lower part 
of the hiatus semilunaris ; a second orifice is frequently seen in, or immediately 
behind, the hiatus. The maxillary sinus appears as a shallow groove on the medial 
surface of the bone about the fourth month of foetal life, but does not reach its 
full size until after the second dentition.* 

Applied Anafomy. — Instances of congenital deformity of the nose are occasionally 
met with, such as complete absence of the external nose, an aperture only being present, 
or perfect^ development on one side, and suppression or malformation on wie other. 
Deformities which have been acquired are much njoie common, such as flattening of the 
nose, the result of syphilitic necrosis; or imperfect dovcl ^pment of the nasal bones in 
cases of congenital syphilis ; or a lateial deviation of the nof after fracture. 

The septum of the nose may bo displaced or may deviate from the middle line as a 
result of an injury or of some congenital defect. Sometimes the deviation may be so 
great that the septum may come into contact with the lateral wall of the nasal cavity, 
producing complete u^'ilatcral obstruction. The septum is covered by a mucous mem- 
brane intimately connected wdth the periosteum ; in caises of deflection of the septum, 
aubmucous resection is frequently necessary, the septal cartilage and the vomer being 
shelled out from the mucoperiosteiim clothing them. Perforation of tiic septum is not 
uncommon, and most often r'H^ults from syphilitic ulceration. 

Enlargement of the mucous membrane covering the inferior or middle nasal conchfe 
is a very frequent accompanime it of chronic nasal catarrn. In old-standing cases the 
bones themselves j:iiay become enlarged, constituting the ‘ hypertrophied turbinals’ which 
so often cause nasal obstruction. Ju the case of the inferior concha either the anterior or 
posterior end is usually more especially alfectci, giving rise to a rc4doned mass of tissue 
often confused with a nasal polypus ; the appoararices, however, aie totally different, as 
the true nasal polypi appear as glistening greyish-whito bodies between the conchas. 

Nasal polypi are of frequent occurrence; in the common gelatinous form they spring 
from the lateral wall of the nasal cavity 'md project down between the conchae, giving 
rise to obstructed nasal respiration. They are always accompanied by purulent discharge, 
and are duo in all instances to small areas of carious bone in the region of the bulla 
ethmoidalk, or about tlie ethmoidal or sphenoidal air-cells. In bad cases a free curetting 
of the ethmoidal air-cells may be called for after removal of the middle concha. Fibrous 
polypi are also more rarely met with, and these arc of the nature of new growths; they 
most frequently spring from the base of the skull behind the choanas and form peduncu- 
lated tumours occupying the nasopharynx. Malignant polypi also occur, most commonly 
originating in the maxillary sinus and projecting through its medial wall into the nasal 
cavity ; for such cases removal of the maxilla offers the only hope of cure. 

Suppuration in the accessory nasal sinuses is of frequent occurrence, and in connexion 
with this the situations at which the various sinuses normally communicate with the 
nasal cavities, are important : thus one finds they fall into two main groups : the anterior, 
opening into the middle meatus, and draining the maxillary sinus, the frontal sinus, and 
the anterior ethmoidal air-cells; and the posterior group, opening into the superior 
meatus and spheno-ethmoidal recess, and draining the posterior ethmoidal and sphenoidal 
air-cells. Suppuration in the anterior group is the more common, and the pus can be 
seen running down over the anterior end of the inferior concha, whereas in the case of the 
posterior group, the pus does not come forwards, but runs back into the nasopharynx 
over the posterior end of the middle concha. Again, it is of importance to notice that the 
middle meatus is of such a form that pus running down from the frontal sinus is directed 
by the groove beneath the bulla ethmoidalis into the ostium of the maxiUaiw sinus, so that 
the latter sinus may, in some cases, act as a secondary reservoir for pus discharged from 
the frontal sinus. All the accessory sinuses can be and are infected from the nasiu cavity, 
but it diould be noted that in the case of the maxillary sinus, the infection is frequency 

* The various measurements of the accessory sinuses of the nose are those given by A. Logan. 
Tomer, Aeeeaacry Sinuaaa of the Nose, 1901. 
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conveyed in another way, and that is from the teeth. This sinus is the one most fre- 
quently the seat of chronic suppuration and it often requires drainage ; this can be carried 
out by drilling a hole through the alveolus after removal of a tooth, preferably the first 
molar, or by gouging away the anterior surface of the maxilla, after having reflected the 
gum, or by removing bone from the lateral wall of the inferior meatus of the nose. Simple 
drainage, however, is not usually sufficient, and more extensive operations have often 
to be performed. Distension of the walla of the maxillary antrum occurs as the result 
of new growth or cyst formation within its cavity. Thus the facial surface may bo pro- 
minently bulged ou Wards, upward extension may displace the eyeball, or the nasal cavity 
on that side may be occluded, giving rise to unilateral obstruction. In some cases the 
disease will perforate the palatine process of the ms«illa and a soft spot will be found 
under the mucoperiostoum. If the disease be malignant in nature, nothing short of 
excision of the maxilla is of any avail (p. 266). 


The Organ of Sight 

The bulb of the eye (eyeball), or organ of sight, is contained in the cavity of 
the orbit, where it is protected from injury, and can be moved by the ocular 
muscles. Associated with it are certain accessorj^ structures, viz. the muscles, 
fascise, eyebrows, eyelids, conjunctiva, and lacrimal apparatus. 

The bulb of the eye, enveloped by a thin membranous sac, the fascia hulbi 
(p. 972), is imbedded in the fat of the orbit. It is composed of segments of 
two hollow spheres of different sizes. The anterior segment is one of a small 
sphere ; it is transparent, and forms about one-sixth of the bulb. It is more 
prominent than the posterior segment, which is one of a larger sphere, and 
is opaque, and forms about five-sixths of the bulb. The tcTm anterior pole is 
applied to the central point of tjie anterior curvature of the bulb, and that 
of posterior pole to the central point of its posterior curvature ; a line joining 
the two poles forms the optic axis. The axes of the two bulbs are nearly 
parallel, and therefore do not correspond with the axes of the orbits, which 
are directed forwards and lateralwards. The optic nerves follow the direction 
of the axes of the orbits, and are therefore not parallel ; each enters its eyeball 
3 mm. to the nasal side of and a little below^ the level of the posterior pole. 
The bulb measures rather more in its transverse and anteroposterior diameters 
than in its vertical diameter, the former amounting to about 24 mm., the 
latter to about 23-5 mm. ; its anteroposterior diameter at birth is about 17’5 min. 
and at puberty from 20 to 21 mm. In the female all three diameters are 
rather less than in the male. 

The bulb of the eye is composed of three tunics, enclosing three refracting 
media. 


Tunics of the Eye (fig. 871) 

Frofn without inwards the three tunics are : (1) A fibrous tunic, consisting 
of the sclera behind and the cornea in front ; (2) a vascular pigmented tunic, 
comprising, from behind forwards, the chorioid, ciliary body, and iris ; and 
(3) a nervous tunic, the retina. 


I. Fibrous Tunic 

The sclera and cornea (fig, 871) form the fibrous tunic of the bulb of the 
eye ; the sclera is opaque, and constitutes the posterior five-sixths of the tumc ; 
the cornea is transparent, and forms the anterior one-sixth. 

The sclera has received its name from its extreme density and hardness ; 
it is a firm unyielding membrane, sersing to maintain the form of the bulb. 
It is thickest (about 1 mm.) behind, near the entrance of the optic nerve, and 
thinnest (0*4 mm.) at a d&tance of about 6 mm. behind the sclerocomeal 
junction. Its external surface is white, and is in contact with the inner surface 
of the fascia of the bulb ; it is smooth, except where the Recti and Obliqui 
are inserted into it ; its anterior part is covered by the conjunctival membrane. 
Its inner surface is brown and is marked by grooves, in which the ciliary nerves 
and vessels are lodj^ed ; it is separated from the outer surface of the chorioid 
by an extensive perichorioidal lymph-space, which is traversed by an exceedingly 
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fine cellular tissue, the lamina mprachoriaidea. Behind, it ia pierced by the 
optic nerve, and ia cmtinuous through the fibrous sheath of tl^ nerve 'with 
the dura mater» The optic nerve pierce® the sclera through a cribrifonn lamina, 
the Umina cribrosa sderce ; the minute orifices in this lamina serve for the 
transmission of the nervous filaments, and the fibrous septa dividing them 
from one another are continuous with the supporting trabeculss of the n^rve. 
One opening, larger than the rest, occupies the centre of the lamina ; it tranamita 
the central tCinuty and vein of the retina* Around the lamina cribrosa seleras 
are numerous small apertures for the transmission of the ciliary vessels and 
nerves, and about midway between these and the sclerocomeal junction are 
four or five large apertures for the transmission of veins {ptnoi votHcoscb), 
In front, the sclera is directly continuous with the cornea, the line of union 
being termed the sclerocomeal junction. In the substance of the sclera close 


Fui. S71. — A horizontal section of the bulb of the eye. 



to this junction is a circular canal, the sinus venoms sclerce (canal of Schlemm). 
In a meridional section of the sclerocomeal junction this sinus presents the 
appearance of a cleft, the outer wall of which consists of the firm tissue of 
the sclera, while its inner wall is formed by a triangular mass of trabecular 
ti^e (fig. 872) ; the apex of the mass is dir(k}ted forwards and is continuous 
■with the posterior elastic lamina of the cornea. The sinus is lined by emdo- 
thdium and communicates internally with the anterior chamber of ^he eye 
and externally with the anterior ciliary veins. 

Stnu^ure. — The sclera is formed of white fibrous, tissue intermixed with fine 
elastic fibres ; flattened connective tissue comnsoles, some of which are pigmented 
are contained in cell-spaces between the fibres. The fibres are aggregated into 
bundles, which are arranged chiefly in a longitudinal direction. Its vessels are 
not numerous ; its capillaries are small, and unite at long and widfe intervals^ 
Its nerves are derived from the ciliary nerves, but their exact mode of ending is 
not known. ' . . " 

The cornea is'the projecting trannpareiit part of the nxtetnal tunio*, mid 
forms the anterior one-sixth of the surface of the bulb. It is almost oinniy^.ih 
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outline^ oocasioiially a little broader in the tranavetse than in the vertical 
direction. Jt is convex anteriorly, and projects like a dome in front of the 
^lera. Its degree of curvature varies in different individuals, and in the same 
individual at different periods of life, beinu more prenounoed in youth than in 
advanced life. The cornea is dense and of uniform thickness throughout ; its 
posterior surface is perfectly circular in outline, and exceeds the anterior surface 
jplightly in thameter. Immediately in front of the sclerocorneal junction the 
Cornea bulg^ inwards as a thickened nm, and behind this there is a distinct 
furrow between the attachment of the iris and the sclerocorneal junction. 
This furrow has been named by Arthur Thomson * the mUm circularis comecB ; 


Fio. 872. — ^An enlarged general view of the iridial angle. (Arthur Thomaon.) 


(Cornea 

Sinus vmosus seleroi Sclera 

Iris ' Trabecular tissue , , i Scleral vein 



Jiadial m^c^ar fibres / I \ Meridional fibres of OiUaHs 

Uircular fibres of Ciliaris j Sr/r ral spr/r 

Iridinl angle 


it is bounded externally by the trabecular tissue already described as forming 
the inner wall of the sinus venosus scler®. Between this tissue and the anterior 
nirface of the attached margin of the iris is an angular recess, named the iridial 
angk otJl^tOion angle of the eye (fig. 872). Immediately outside the filtration 
Angle ia a projecting rim of scl^l tissue which appears in a meridional sectimi 
aa a sm^f. triangular area, termed the aderal spur. Its base is continuoaa 
“With the hiner surface of the sclera immediately to the outer side of the fiHra’i 
tion’ an gle and its apex la directed forwards and inwards. The btindlra of 
trabeOtilar tissue just referred to Are attached to the anterior sloping mar^ 
of this apur; the meridional fibres of the Ciliaris muscle arise from ihs 
posterior tSaii^. 

SfriMtnn (% 873)."r|hel;ern«B consists from before backwards of four layers, 
via. : (1) ^e^cqtne^ conthmous with that of the conjunctiva ; (2) the 

llire, Caarendoa IVees, Oxford, 1012. 
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Fig. 87U. — A si iction of the human cornea from 

near its margin. (Waldeyer.) Magnified. 


substantia propria ; (3) the posterior elastic lamina ; and (4) the endothelium 
of the antenor chamber. 

The comeal ej^heUwn covers the front of the cornea and consists of several 
layers of cells, llie cells of the deepest layer are columnar ; then follow two or 
three layers of polyhedral cells, the majority of which are prickle-cells similar to 
those found in the stratum mucosum of the cuticle. Lastly, there are three or 

four layers of squamous 
cells, with flattened nuclei/ 
The substantia propria 
is fibrous, tough, unyield- 
ing, and perfectly trans- 
parent. lx is composed 
of about sixty flattened, 
superimposed lamellae. 
These lamellae are made 
up of bundles of modified 
connective tissue, the fibres 
of which are continuous 
with those of the sclera* 
The fibres of each lamina 
are for the most part parallel 
with one another, but at 
right angles to those of 
adjacent lamellae. Fibres, 
however, frequently pass 
from one lamella to the 
next. 

Between the lamelias is 
a small amount of ground- 
substance, in which are 
spaces, the corneal spaces. 
These are stellate in shape 
and communicate, with one 
another by numerous off- 
sets. Each contains a cell, 
the corneal corpmeky re- 
sell bling in form the space 
in which it is lodged, but 
act entirely filling it. 

The layer immediately 
beneath the corneal epi- 
thelium presents certain 
characteristics which have 
led some anatomists to 
regard it as a distinct 
membrane, and it has been 
named the anterior dastie 
lamina. It differs, how- 
ever, from the posterior 
elastic lamina in showing 
evidence of fibrillar struc* 
ture, and in not having 
the same tendency to cun 
inwards, or to under^ 

fracture, when detached from the other layers of the cornea. It consists of extremely 
closely interwoven fibrils, similar to those found in the substantia propria, but 
contains no comeal corpuscles. It may be regarded as a condensed part of the 
substantia propria. 

The posterior elastic lamina covers the posterior surface of the substantia propria, 
and is an elastic, transparent homogeneous membrane, of extreme thinness, wnich 
is not rendered opaque by water, alcohol, or acids. When stripped from the 
substantia propria it curls up, or rolls upon itself, with the attached surface 
innermost, 



1. Epithelium. 2. Anterior eluetic lamina. 3. Suostantia . 

4. Posterior elastic lamina. 5. Endothelium of the anterior chamber. 

a. Oblique fibres in the anterior layer of the substantia propria. 

«... . . . . 


b. LammlfiB the fibres of which are cut across, 


a dotted 


appearance, e. Comeal corpuscles appearing fusiform in section. 
d. Lamelln the fibres of which arc cut longitudinally, e. Transition to 
the sclera, with more distinct fibrillation, and surmounted by a thicker 
epithelium. /. Small blood-vessels cut across near the margin 
of the 
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At tlie margu\ of the cornea the posterior elastic lamina breaks up into fibres 
which form the trabecular tissue on the inner wall of the sinus venosus solerse 
(p. 952) ; the spaces between the trabeculse are termed the spctces of the angle of 
the ms (spaces of Fontana) ; they communicate with the sinus venosus scleras 
and with the anterior chamber at the filtration angle. Some of the fibres of this 
trabecular tissue are continued into the substance of the iris, forming the pedinate 
ligament of the ms ; while others are connected with the fore part of the sclera 
ind chorioid. 

The endothdium of the anterior chamher covers the posterior surface of the 
posterior elastic lamina, is reflected on to the front of the iris, and also lines the 
spaces of the angle of the iris ; it consists of a layer of polygonal, flattened, 
nucleated cells. 

VesHcla and Hervea, — ^The cornea is a non-vascular structure, tlie capillary vessels of 
the conjunctiva and sclera ending in loops at its circumference. Lymphatic vessels have 
not yet been demonstrated in it, but are represented by the channels in which the bundles 
of nerves run; these channels are lined by an endothelium. The nerves are numerous 
and are derived from the ciliary nerves. Around the periphery of the cornea they form 
an annular plexus, from which fibres enter the substantia propria. They lose their 
medullary sneaths and ramify throughout the substantia propria in a delicate network, 
and their terminal filaments form a firm and closer plexus on the surface of the cornea 
proper, beneath the epithelium. This is termed the subepithelial plexus, and from it 
fibrils are given off which ramify between the epithelial cells, forming an intra-epithelial 
plexus, 

II. Tiiio Vascular Tunic (tigs. 874, 875, 876) 

The vascular tunic of the eye is formed from behind forwards by the chorioid, 
the ciliary body, and the iris. 

The chorioid covers the inner surface of the sclera, and extends as far 
forwards as the ora serrata of the retina. The ciliary body connects the chorioid 
with the circumference of the iris. The iris is a circular diaphragm behind 
the cornea, and presents near 

its centre a rounded aperture, Fm. 874.— Tlio cho/.oid and iris. (Enlarged.) 

the pupil, 

. The chorioid is a thin, 
highly vascular membrane, of 
a dark brown or chocolate 
colour, investing the posterior 
^ five-sixths of the globe ; it is 
pierced behind by the optic 
nerve, and in this situation is 
firmly adherent to the sclera. 

It is thicker behind than in 
front. Its outer surface is 
loosely connected with the 
sclera by the lamina supra- 
chorioidea ; its inner surface is 
attached to the pigmented layer 
of the retina. 

Stnicture*-'The chorioid con- 
sists mainly of a dense capillary 
plexus, and of small arteries and 
veins carrying blood to, and re- 
turning it from, this plexus. On 
its external- surface is a thin 
membrane, the lamina supra- 
chorioidea, composed of delicate 
non-vascular lamellee, each la- 
mella consisting of a network of 
fine elastic fibres among which are Ranched pigment-cells. The spaces between 
the lameUsd are lined by endothelium, and open freely, into the perichorioidal 
lymph-space, which, in its turn, communicates with the periscleral space at the 
points where the vessels and nerves are transmitted through the sclera. 
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1. The skaivm ot layer of nerve-fibir^ ie foiled by thfi erBan^h'ol^tiW 

fibres of the optie nerwr ; it is thickest near the porus optiGUSy jgrad^a^y di m i ii g te 
towards the ora serrata. As the nerve-fibres pass through the lamina' oiibrosa 
sclerae, they lose their medullary sheaths and are Gontinu^ ' onwards throng the 
chorioid and retina as simple axis-cylinders. When they reach the internal surface 
of the retina they radiate from their point of entrance over this si^ace, grbnj^ 
in bundles which communicate with one another and . form an intricate network. 
Most of the^*S|^s arc centripetal, and are the continuations of the axis-cylkider 
processes of the cells of the ganglionic layer, but a few are centrifugal ; these ori^nat^ 
in the brain and ramify in the inner plexiform and inner nuclear layers of. the retina, 
where they end in enlarged extremities. 

2. The" ganglionic layer consists of a single layer of large nerve^cells, except 
in the macula liitea, where there are several strata. The cells are somewhat flask- 
shaped, the rounded internal surface of each resting on the stratum opticum, and 



sending off an axon which is prolonged into it. From the opj^site end huiperoua 
dendrites extend into the inner plexiform layer, where they form flattened atbortm- 
tions at different levels. The gan^ion-cells vary much in size, and the dendrites 
of the smaller ones as a rule a^orise in the inner plexiform layer as soon as they 
enter it ; while those of the larger cells ramify close to the inner nuclear layet; 

3. The inner plexiform layer is made up of a dense reticulum of minute fibrils 
formed by the interlacement of the dendrites of the gaiij^ion-cells vdth the 

of the cells of the inner nuclear layer ; within this reticulum a few brammed 
are imbedded. > , 

4. The inner nuclear layer is made up of a number of closely 
which there are three varieties, viz. bipolat cells, horizontal cells» and 

cells. ” ' ' ' •' V.' ' ‘\-' 

The bipolar cells, by far the most numeteus, are round Or oval in 
each is prolonged into an inner and an outer process. The bipolar cells* ' 

into rod'bipolaps and cone-bipolars. The inner l^esse^ 
through the inner plexiform layer and around jsuter 

bodies of the ganglionic " layer ; their ontet pi^es^ ei^ in 



mi& ow st(^ m 

layer isi tu^ of jSbrils atotind the button^like ends of the inner {^rocess^ of the 
ibd-giannli^, l^e inher pirocesses of the cone-hqw^sxamify in the inner plexiform 
layer in contact ^th the dendrites of the ganglionic cells. 

The horizdTUai c&ls lie in the outer part of the inner nuclear layer and possess 
someM^hat flattened cell-bodies. Their dendrites divide into numerous branches 
in the outer plexiform layer, while flieir axons run horizontally for some distance 
and finally ramify in the same’ layer. 

. The anrnrine ceUs are placed in the inner part of the inner nuclear layer, and 
'v^ei'e so named under the supposition that they possessed no axons. It is now 
known that some, at least, possess axons. Their dendrites undergo extensive 
ramification in the inner plexiform layer. 

5. The Qfuter plexiform layer is much thinner than the inner ; but, like it, consists 
of a dense network of minute fibrils derived from the processes of the horizontal 
cells, ajrf the outer processes of the rod- and cone-bipolar cells of the preceding 
layer, which arborise around the enlarged ends of the rod-fibres and the branched 
foot-plates of the cone-fibres. 

6. The outer nudear layer. — ^lAke the inner nuclear layer, this contains several 
strata of oval cells ; they are of two kinds, viz. rod-granules and cone-granules, 
tJie former being connected with the rods, the latter with the cones, of the next 
layer. The rodrgranules are much the more numerous, and are placed at different 
levels throughout the layer. Their nuclei present in some animals a cross-striped 
appearance, and a fine process is prolonged from either extremity of each cell : 
the outer process is continuous with a single rod of the layer of rods and cones ; the 
inner process ends in the outer plexiform* layer in an enlarged extremity, and is 
imbedded in the tuft into which the outer processes of the rod-bipolar cells break 
up ; in its course it presents numeroi^s varicosities. The cone-granvles, fewer in 
number than the rod-gi'anules, are placed close to the membrana limitans Cxterna, 
through which they are continuous with the cones of the layer of rods and cones. 
Each contains a spheroidal nucleus which almost completely fills the granule. 
From the inner extremity of each cone-granule a thick process passes into the 
outer plexiform layer, and there expands into a pyramidal erJargement or foot-plate, 
from which are given off numerous fine fibrils that come in contact with the outer 
processes of the cone-bipolars. 

7. The layer of rods and cones. — The elements composing tins layer are of two 
kinds, rods and oone«, the former being much more numerous than the latter except 
in the macula lutea. The rods are cylindrical, of nearly uniform thickness, and are 
arranged perpendicularly to the surface. Each rod consists of two segments, an 
outer and an inner, of about e^ual lengths. The segments differ from each other as 
regards refraction and in their behaviour towards colouring reagents ; the inner 
segment is stained by carmine, iodine, &c. ; the outer segment is not stained by 
these i*eagj5nts, but is coloured yellowish-brown by osmic acid. The outer segment 
is marked by transverse striss, and tends to break up into a number of thin discs 
superimposed on one another ; it also exhibits faint longitudinal markings. The 
inner part of the inner segment is indistinctly granular ; the outer part presents 
a longitudinal striation, being composed of fine, highly refracting fibrils. The 
visual purple or rhodopsin is found only in the .outer segments of the rods. 

The cones are conical, their broad ends resting upon the membrana limitans 
externa, the narrow-pointed extremities being turned to the chorioid. lake the 
rods, each is made up of two segments, outer and inner ; the outer segment is a 
short conicri process, which, like the outer segment of a rod, exhibits transverse 
strict. The inner segment resembles the inner segment of a rod in structure, pre- 
an outer striated and an inner granular pari, but differs from it in size 
shajpo, being fiask^shaped. The optical characters of the two portions are 
identical witb those of the rods. 

'^Uppor^g framework of the retind.~The nervous layers of the retina are con- 
lifted . tog^ner by a Supporting framework, formed by the sustentaetdar fibres 
of ) these fibres pass through all the nervous layers, except that of the rods 
and coneis. Bach fibre Ibegins on the inner surface of the retina by an expand^, 
ofteu foi^fced, baise^ wye|^ sometimes conta^ a spheroidal body, staining deeply 
\ :tho ^esi of the bases di adjoming fibres are united to form the 
< fizemmam Aaihe fibres pasu through the netye^fibre and gangUo^o 

layers Jtey in the inner nuclear layer they give 

tmmetoua latent the ahppoit of the bipolar oAht whUe m the 
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outer nuclear layer they form a network around the rod* and cone-fibrils, and unite 
to form the inembrmd limiUins ext^rwi at the bases of the rods and cones. At the 
level of the inner nuclear layer each sustentacular fibre contains a clear oval nucleus. 

Structure of the riMmda lutea and fovea centralis . — At the fovea centralis there 
are no rods, and the cones are longer and thinner than in other parts of the retina. 
The nerve-fibre layer disappears at the marrin of the fovea, and the other retinal 
layers are extremely thin. The pigment-cells are large and well-marked. At the 
circumferencf!^i»f the fovea the retina rapidly increases in thickness, so that this 
part of the macula lutea has a greater depth than any other part of the retina. 
All the layers are involved in this increase, but especially the ganglionic layer, 
in which the cells are six to eight deep. The yellow colour of the macula seems 
to imbue all the layers except that of the rods and cones ; it is deepest towards the 
centre of the macula, and does not appear to be due to pigment-cells, but simply 
to a staining of the constituent parts. 

At the ora serrata the nervous layers of the retina end abiuptly, and the retina 
is continued onwards as a single layer of columnar cells along with the pigmented 
layer. This double layer is known as the 'pars ciliaris retincBt and can be traced 
forwards from the ciliary processes on to the bacjk of the iris, where it is termed 
the pars irhlica retinae or uvea. 

The artcria centralis rciinec (fig. H81) and its accompanying vein pierce the lower and 
medial aspect ol the optic nerve, and enter the bulb of the eye through the ponis opticus. 
The artery immediately bifuroat(*s into an upper and a lower braucli, and each of these 
again divides into a mcidial or nasal and a lateral or temporal branch, which at first run 
between the hyaloid membrane and the nervous layer ; but they soon enter the latter, and 
pass forwards, dividing dichotomously. From these braurhes a minute capillary plexus 
is given off, which does not extend beyond the inner nuclear layer. The macula receives 
two small branches (superior and inferior macular arteries) from the temporal branches, 
and small twigs directly frmn the central artery; these do not, however, roach as far as 
the fovea centralis, v'hich has no blood-vessels. The branches of the artcria centralis 
rotiine do not anastomose with each other — ^in oilier words, they are terminal arteries. 
In the foetus, a small vessel, the artcria hyaloidea, passes forwards as a oontiniiation of the 
artcria centralis retinro thnnigh the vitreous humour to the posterici surface of the 
capsule of the lens. 


Refkacttno Media 

The refracting media are three, viz. : 

Aqueous humoiir. Vitreous body. Crystalline lens. 


1, AquejuS Hx^mouk 

The aqueous humour fills the anterior and posterior chambers of the 
eyeball (p. 958). It is small in quantity, has an alkaline reaction, and is mainly 
a dilute watery solution of chloride of sodium. It is secreted by the ciliary 
processes into the posterior chamber and escapes from the filtration angle 
of the anterior chamber through the spaces of the angle of the iris (spaces 
of Fontana) and sinus venosus Bcleras (canal of Schlemm) into the anterior 
ciliary veins. 


II. ViTBKous Body 

The vitreous body occupies about four-fifths of the bulb of the eye. It 
fills the concavity of the retina, and is hoUowed in front, forming a deep con- 
cavity, the hyaloid fossa^ for the reception of the lens. It is transparent, 
of the consistence of thin jelly, and is enclosed in a delicate transparent mem- 
brane, the hyaloid membrane. It has been supposed by Hannover, that from 
the surface of the hyaloid membrane numerous thin lamoU® are prolonged 
inwards in a radiating manner, forming spaces in which the jelly is contained. 
In the adult, these lamellse cannot be detected even after cardEul microscopical 
examination in the fresh state, but in preparations hardened in weak chromic 
acid it is possible to make out a distinct lamellation at the perij^ery of the 
vitreous body. Running forwards through the vitreous body from the entrance 
of the optic nerve to the posterior surface of the lens, is a canal, the hyalM 
canal, filled with l 3 rmph and lined by a prolongation of the hy«4oid membrane. 
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In the embryonic vitreous body this canal conveyed the arteria hyaloidea from 
the central artery of the retina to the back of the lens. 

The fluid from the vitreous body is nearly pure water ; it contains, however, 
some salts, and a little albumin. 

The hyaloid me/ndmint envelops the vitreous body. The portion in front 
of the ora serrata is thickened by the accession of radial fibres and is termed 
the zonula ciliaria or zonule of Zinn. Hero it prei^nts a series of radially 
arranged furrows, in which the ciliary processes are accommodated and to 
which they adhere, as is shown by the faeji that when they are removed some 
of their pigment remains attached to the zonula. The zonula ciliaris splits into 
two layers, one of which is thin and lines tho hyaloid fossa of the vitreous body ; 
the other, named the suspensory ligament of the lens, is thicker, and passes over 
the ciliary body to be attached to tho capsule of the lens a short distance in 
front of its equator. Scattered and delicate fibres are also attached to the 
region of the equator itself. This ligament retains tho lens in position, and 
is relaxed by the contraction of tho meridional fibres of the Ciliaris muscle, 
so that the lens is allowed to become more convex. Behind tho suspensory 
ligament there is a sacculated canal, the spatia zonularia or can/xl of Petit, 
which encircles the equator of the lens ; it can bo easily inflated through a 
fine blowpipe inserted under tho suspensory ligament. 

No blood-vessels penetrate tho vitreous body ; so that its nutrition must 
be carried on by the vessels of the retina and ciliary processes, situated upon 
its exterior. 


HI. Crystalline Lens 


885."~Tho crystalline lens, 
hardened and divided. 
(Knlargcd.) 


The crystalline lens, enclosed in its capsule, is situated immediately 
behind the iris, in front of the vitreous body, and is encircled by the ciliary 
processes, which slightly overlap its margin. 

Tho capsule of the lens is a transparent, structureless mombrano which 
closely surrounds the Ions, and is thicker in front than behind. It is brittle 
but highly elastic, and when ruptured the edges roll cp with the outer surface 
innermost. The lens rests, behind, in tho hyaloid fossa on the fore-part of 
the vitreous body ; in front, it is in contact with tho free border of the iris, 
but recedes from it at the circumference, thus 
forming the posterior chamber of the o^^e ; it 
is retained in its position chiefly by the sus- 
pensory ligament already described. 

The lens is a transparent, biconvex body, 
the convexity of its anterior being loss than 
that of its posterior surface. The central 
points of these surfaces are termed respectively 
the anterior and posterior poles ; a lino connect- 
ing tho poles constitutes the axis of the lens, 
while the marginal circumference is terjned 
tho equator. \ 

Structure -* The lens is made up of soft cortical 
substance and a firm, central part, the nucleus 
(fig, 885). Faint lines (radii lentis) radiate from 

the poles to the equator. In the adult there may bo six or more of these lines, 
hut in the fmtus there are only three, and these diverge from each other at angles 
of 120'’ (fig. 886) ; on the anterior surface one line ascends vertically and the other 
two diverge downwards ; on tho posterior smface one ray descends vertically 
and the other two diverge upwards. They correspond with the free edges of an 
equal number of septa comp^Ised of an amorphous substance, which dij) into the 
swstance of the lens. When the lens has been hardened it is seen to consist of 
a series of concentrically arranged laminsD, each of which is interrupted at the 
septa referred to. Each lamina is built up of a number of ribbon-like lens-fibres, 
the edges of which are more or leas serrated— the serrations fitting between those 
of nei^bouring fibres, while the ends of the fibres come into apposition at the septa. 
The fibres run in a curved manner from the septa on the anterior surface to tho$c 
on the posterior surface. No fibres pass from pole to pole ; they ate arranged 
in such a way that those w'hich begin neat the pole on one surface of the lens end 
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near the peripheral e^^xnity of the plane on the other, and vUe ytoa. Ifhe 
fibres of the outer layei^ of the Jens are nucleated, and t<^ther form a nuelea|r layer, 
most distinct towards the equator. The anterior surface of the lens is 
by a layer of transparent, nucleated columnar, epitheliuna At the equatot the 
cells become elongated, and their gradual ttail^on into lens^fibres can be trac^ 
(fig. 888). 

In the lens is nearly spherical, and has a slightly reddish tint; it 

is soft, and oierios down readily on the slightest pressure. A small branch from 
the arteria centralis retina) runs forwards, as already mentioned, through the 


Fig. 886. — A dirtgram to show tho direction and arrangement of the radiating lines 
on the front and back of the foetal lens. a. On the front. B. On the back. 




vitreous body to the posterior, part of the capsule of the lens, where its branches 
radiate and form a plexiform network which .covers the posterior surface of the 
capsule, and they are continuous round the margin of the capsule with the vessels 
of the pupillary membrane and with those of the iris. In the adult, the lens, is 
colourless, transpaiont, firm in texture, and devoid of vessels. In old age, it 
becomes flatienea on both surfaces, slightly opaque, of an amber tint; and increased 
in density (fig. 887). 




Vessels^ and Nercca , — Tho arteries of tho bulb of the oye are the long, short, and 
anterior ciliary arteries, and Iho artend centralis retinae. They hayo alroadv boon 
described (p. 597). 

'fhe ciliary veins arc scon on ihe outer surface of the chorioid, and arc named, from 

their arrangement, the ve7i(e vortu 

Fig. 887.— profile view of tho lers at diffnront cMivcrgo to four or five 

noriods of lifp equidistant trunks which pierce the 

^ ^ f^clcra midway between the sclero- 

eomral junction and the porus opticus. 
Another sot of veins accompanies thc^ 
anterior ciliary arteries. All these 
veins open into the ophthalmic veins. 

The ciliary nerves are derived from 
the nasociliary nerve' and from the 
ciliary ganglion. 

Ap'plied — From a surgi- 

cal point of view tne cornea may bo 
regarded as consisting of three layers : 
(1) an external epithelial layer, de- 
. veloped from tlie eotoderin* 

continuous with the epithelial covering of the rest of the body, so that its lesions ■ 

those of the epidermis; (2) the cornea proper, derived from tne mesoderm, au4 asspoiated 
in disuses with the fibrovascular structures of the body ; and (8) the posterior, elastic 
lamina with its endothelium, also derived from the mesoderm and having the ohslr^ters - 
of a serous membrane, so that inflammation of it resembles inflammation' of the -^tous 
and synovial membranes of the body. ^ 

The cornea contains no blood-vessels except at its periphery, where numero^ 
loops, d^^od from the anterior ciliary arteries, may be demonstrated od‘ itt 
surface. The rest of the cornea is nourished*by lymph, ydiich gains, accesk to prbp^ 

^stenco of the cornea and the posterior layer throu^ tne spaces of -the angle .of \- 

This lack of a direct blood-supply renders the cornea verj^s# 

and ill-nouxisbed* In cases of granutaf Ude, tl^re is. a Pe^tdliit'affedij^ 0^ ' 
called pannuB, iii^which the anterior layers of the 
networip of b^-yeBsels may be seen upon it; and in iafkWlrihl lce 
extend into the cornea, giving it a pifiUWsh hde tb.:wWoh‘ 





1. In the foetug. ' 2. In adult life. 


5. 

3. In old atfef 
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688 . — ‘A section through the 
margin of the Ions, showing tho 
transition of the epithelium into 
the lens-fibres. (Babuchiu.) 


kms: 03^ _ 

. .. bo pressed upon as; they course 

'Tho’^scteo ws^ b}oo4- vessels and nerves.*'. As the blood-vessels approach 

' ihe CQ)^eo^ i^ornn the Orrapgement is peculiar. Some branches pass through the solera 
'’to Ihe ei&y’hody ; Othdrs become superficial and 
lie ip;' the episcleral tissue, and fom|farohes by 
anastontoSiing with each other sozne liSte distance 
behind ^e; comeal margin. From these arches 
nutri/^ds straight vessels are given off, which run 
. forwards to the cornea, forming its marginal plexus. 

In Jinfimmation of the sclera and episcleral tissue 
these vessels become conspiotious, and form a 
pnbish.zone of straight vessels radiating from the 
G^meal margm, commonly known as the eone of 
<?Qic^fy injBotion.^ In infiammation of the iris and 
dliar^ body this zone is present, since the sdlera 
speedily becomes involved when these structures 
are inflamed. But in inflammation of tho cornea 
the sclerals seldom much affected, though the two 
are structurally continuous. This would appear to 
due to the lact, that the nutrition of the cornea 
is derived from a different source than that of the 
sclera. The sclera 'may be ruptured without any 
laceration of the conjunctiva, and the rupture 
usually occurs near the corneal margin. It may 
be complicated with lesions of adjacent parts — 
laceration of the chorioid, retina, iris, or suspensory 
ligament of the Ions — and is then often attended 
with hemorrhage into the anterior chamber, which 
maskf the nature of the injury. In some cases the 
lens has escaped through the rent in the sclera. 

Wounds of the sclera are always dangerous, and are 
often followed by inflammation, suppuration, and 
by' sympathetic ophthalmia. 

One of the functions of the chorioid is to provide 
nutrition for the retina, and to convey vessels and 
nerves to tho ciliary body and iris. Inflammation 
of the chorioid is therefore followed by grave dis- 
turbances in the nutrition of tho retina, and is 
attended with early interference jvith vision. Its 
diseases bear a considerable analogy to those which 
affoct the skin, and it is one of the places from 
which melanotic sarcomata may grow. Those 
tumours contain a large amount of pigment in 
their cells, and originate only in those parts where 
pigment is naturally present. 

The irjs may bo absent, either in part or 
altogether, as a congenital condition, and in some 
instances the pupiflary membrane may persist, 
though rarely, as a complete structure. Again, 
the ills ma^ be the seat of a malformation, termed 
colohoma, which consists in a deficiency or cleft, 
clearly due in "a great number of caSies to an arrest 
in development. In tlj^e case® the cleft is found 
at the lower aspect, extending directly downwards 
, from tha pupil,, and the gap freqtientlj extends 
through the^clioribid to the porus opticus. Wounds 
of the Ms, especially if complicated with injury to 
,thft ciliory^ btiwy, may be followed by serious con- 
‘ sdquen,cea^^i^'If s^^tie mettsr is introduced, and a 
. J^pJ)urat^ve inflanunaikion is set up, complete loss 
vision ,may tesuj^;^ and, what is perhaps of 
greyer cpnaequencH^f similar infhunmatory changes 
: , jpay vet w in tbb sound; eiya. - Tbe^ Ms Ss abun- 
bilbqd^vcssels and nerves, and 
■ .ft inflfi^d, and.jvhen in- 

. . ' In vtoso^u^de of ihthnate relationehip 

'tyhioB e?tiktS' t^t^eh .the.^fe;%p£ ms and chorioid, this latter tunic is very liable to 

Jbeftls is covered tyith epithelium, and part^^es of the 
aiid like these staructures, is, apt to pour out a pla^stte 
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The retina, with th;^ exception of its pigment layer and its vessels, is perfectly 
transparent. In retinitis there is more or less dense opacity of its structure, and not 
infrequently extravasations of blood into its substance. Haemorrhages may also 
place into the retina, from rupture of a blood-vessel without inflamniation. The retina 
may become detached from effusion of serum between it and the chorioid, or by blows* on 
the" eyeball ; but detachment of tho retina may occur without apparent cause in progres- 
sive myopia. Glioma, a form of sarcoma, is occasionally met with in the retina. 

The lens h^ no blood-vessels, nerves, or connective tissue in its structure, and there- 
fore is not su^sAt to tliose morbid changes to which tissues containing these structures 
are liable. Opacities may occur from injury, senile changes, or malnutrition. These 
opacities give rise to cafaraci, of which the senile variety is the most common. They 
vary as to the part of the lens in which the opacity commences, and are classified accord- 
ingly, as nuclear, cortical, lamellar, aiiterior and posterior polar. Senile changes may 
take place in the lens, impairing its elasticity and rendering it harder than in you^, sa 
tliat it loses its power of altering its Gurv|iture to suit the requirements of near vision. 
This condition is known as presbyopia. The lens may bo dislocated or displaced by blows 
upon tho eyeball ; and its relations to surrounding structures altered by adhesions or the 
pressure of new' growths. 

There arc two particular regions of the eye which require special notice : one of these 
is known as the ‘ filtration angle,* and the other as the ‘ dangerous area.’ The filtration 
anyle is the cirenmeorneal zone immediately in front of the iris. Hero are situated the 
spaces of the angle of the iris, which communicate with the sinus venosus scler® through 
w'liich the chief transudation of fluid from the eye is believed to take place. If any 
obstruction to this transudation occur, increased intra-ocular tension is set up, and 
the disease known as glaucoma results. The dangerous area of the eye is the region in 
the neighbourhood of tho ciliary body, and wounds or injuries in this situation are 
peculiarly dangerous; for inflammation of the ciliary body is apt to spread to many of 
tho other structures of tho eye, especially to the iris "arid ohorioid, which are intimately 
connected W’itli it hj’ nervous and vascular supplies. 


Accbssory Organs of the Eye 

Tho accessory organs of the ey^e includo the ocular muscles, the fasciae, tho 
eyebrows, the eyelids, the conjunctiva, and the lacrimal apparatus. 


OOUL.4R Muscles 

The ocular muscles are the : 

I^evatOr palpebia> superioris. Rectus mcdialis. 

Rectus superior. Rectus lateralis. 

Rectus inferior. Obliqniis superior. 

ObliquuR inferior. 

Tlie Levator palpebrx superioris (figs. 889, 890) is thin, fiat, and trian- 
gular in shape. It arises from the under surface of the small wing of the 
sphenoid, above and in front of the optic foramen, from which it is separated 
by the origin of the Rectus superior. At its origin, it is narrow and tendinous, 
but soon becomes broad and fleshy,, the medial margin of the muscle being 
almost straight, wfeile the lateral margin curves towards the lateral eanthus. 
The muscle ends anteriorly in a wide aponeurosis which splits mjto two latnellm. 
Tho uppermost fibres of the superficial lamella blend with the upper part of 
the orbital septum ; the lowermost fibres are attached to the apterior surface 
of tho tarsus, while the intermediate fibres radiate and pass through tb^ over- 
lying Orbicularis oouli to tho skin of the upper eyelid. The deep lamella 
consists of non-striped muscular fibres and is known as Muller' $ * ; it 

is attached directly to the upper margin of tho superior tffiuS“Sn2n^ 
by conjunctiva on its inferior surface. The. space between the superficial 
and deep lamellae is termed the ^eseptgl. spofie (fig. 890). 

The fascial sheaths of the Levator palpebrae superioris and Bectus superior fua^ 
Wliero the two muscles separate to reach their insertions, the fascia between thorn fqrrr# 
a thick mass which is fixed to the prpeaor cohjhnotiva l iom ix and is described as ah 
additional inscition of the Levator When traced laterally the 

• H. Miiller also described a layer of non-strlp^d inii9ck» in the lower oyelict where it unites 
the inferior tarsiia to the Obliquus inferior. . 



OODLAH MtJSCLES 

aponeurosis of the Levator palpebrie superioris passes between the upper and lower parts 
of the lacrimal gland, and is fixed to a tubercle on the zygomatic bone, just within the 
orbital margin (p. 234). Deep to this attachment is that of the lateral palpebral raphe 


Fia. 889. — A sagittal section of the right orbital cavity. 

Tandon of Ohliquus superior 
Orbital plate of frontal hone 
Lpvator ^Ipebrce superioris 
Rectus superior 



Optic nerve 
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It oof of maxillary sinus 

Obliquus inferior 


Orbicularis ocult 
Superior tarsus 
— fjpptr eyelid 


Lower eyelid 
Inferior tarsus 

Orbicularis ocuti 


whicli fix^s the tarsal plates to the same tubercle. When traced medially the aponeurosis 
loses its tendinous nature as it passes over and comes into close contact with the reflected 
tendon of the Obliquus superior, whence it can be followed ^\ith difficulty towards the 
medial palpebral ligament in the form of loose strands of ; oiinectivc tissue. When the 


Fk'i. 890. — x\ diagram of a sagittal section of the orbit to show the insertions of 
the Levator palpebrm superioris, (After Whitnall.) 



Levator palpebrie contracts, the lateral and medial parts of the aponeurosis aie stretched 
and check the action of tlidmiiscle; the retraction of the upper eyelid is checked also by 
the orbital septum.* 

•A. IS. Whitnall, Journal of Anatomy ^and Physiology, voi. xiv., and OpUholmoscope, May 
1914 . ; 
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The four *^1) a^ise feom. fc^^brOi^B^riag ^ 

cd|a]||j^ whi^ ffufeoimds the uppei*; hxedjai; . lidKJ^ar i?^eriji]^7 

optic foramen and fehiircl^s the optic neVye (% S6^.'^^.TKe 
by a tendinous bridge .prolbnged over thelp^^^ arid medial part, of 
orbital fissure and attached to a tubercle iriri the margin of the great :;w^ . 
of the sphenoid bounding the fissure. Two toi^ialised parts of thi^ .fill^tieJ 
ring may be made but ; a lower» the lia a^ni'^ 
origin to^th<e’^^||||ctuH inferior, «part of the Kectus niedialis^ and 
.of origin of the Itectus lateralis ; and an upl^i^sometimes terip^ fhri^g^gr '' 
tendim.of Lockwood, which givc^ origin to ®e.Bectus superior, the rest-^tfie' 
Beotud mcdialis, and the upper he^ of the Rectus lateralis. Each niu^le 
passes forward in the position implied by its name, to be inserted by a tendinous 
expansion into the sclera, about 6 mp. from the margin of the cornea. Bbtween 

( the two heads of the Rectus lateralis is a narrow interval, which transmits the 
two divisions of the oculomotor nerye, the nasociliary nerve, < the abdpent . 
nerve, and the ophthalmic veins. Although theSe muscles present a common - 
origin and are inserted in a similar manner into the*sclera, there aBe certain 


Fig. 891. — The muscles of the right orbit. 



differences to be observed in them. * ^ho Rictus medialis is the broadest, the 
Rectus lateralis the longe^st, and the Rectus superior the thinnest and narrowest. 
The Rectus lateralis is inserted slightly further back than the Rectus medialis 
and Rectus superior. 

The Obliquus oculi superior is a fusiform muscle, placed at the upper, 
and niedial side of the orbit. It arises immediately above the optic foramen, 
above and medially to the origin of the Rectus superior, and, pasiwg forwards, 
ends in a rounded tendon, which plays in a fibrocartilaginous ring or pulley 
attached to the fovea trochlearis of the frontal bone. The contiguous surfaces 
of the tendon and ring are fined by a delicate mucous shea^, and enclosed 
in a thin fibrous investment. After passing through the pulley theVtendon 
is reflected backwards, lateralwards, and downwards beneath 
superior, to' the lateral part of the bulb of the eye, and is insertea into the 
sclera, behind the equator of the eyeball, and brtween the. Rectus ^perj(^ 
and Rectus lateralis. ^ 

The Obliquus oculi inmior is a thin, narrow muscle, placed rielEbr ^tlLe 
anterior margin of the floor of the orbit* It jorises from the <S!*bi^l.surtf^ ^ . 
the maidlla laterally to the lacrimal |^oovq|| Passing la4ieFalWa^,> ba^^ ■ 
and upwards, at first between the Rectus inferior and the fi^rimr cf 
and th^ between the bulb of the eye arid the Rectus la 
into the lateral part of the , sclera betyn^ri the Bi^us"$upeiririr,^.^^^ 
lateralis, near tb, buib somewhat 

Levator palpehtee srip^ris, the 
superior; inferior;' arid 
.superior^ the 
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LevAtor palpebm x|pes the .u]^r eyelid, amd fa the direct 
antajgonist of the Orbicularis ocUli. The four Keeti ate* attached to the bulb^f^the 
^70 in such a mariner thAt, acting singly, ^hey \dU tutu its corneal surface either 
downwards, medialwards, or &tefalwards, as expressed by theix names, 
movement produced by tife Seetus superion os Rectus inferior is not quite a 
•sitiiple one, for inasmuch as each passes obliqudy lateralwank and forwards to the 
bulb of the eye, the elevation or ^pression of the cornea is accompanied by a certain 
deviation medialwards, withf^a alight amount^of rotation. These latter movements 
are corrected % the Obliqui,'Mi$X^liquus>inferibT correcting the medial deviation 
caus^ by the Rectus superior, and the Ofaliquus superior that caused by the Rectus 
inferior. The contraction of the Rectus lateralis' or Rectus medialis, on the other 
hand, produces a purely horizontal movement. If any two neighbouring Recti of 


jPm. 892 . — A dissection showing the origin# of the right ocular muscles, and tluj 
nerves entering the* orbit through the superior orbital fissure. 
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one aye act together they carry the globe of the eyo in the diagonal of these directions, 
viz. upwards .and medialwards, upwards and lateralwards, downwards and medial- 
wards, or downwards and lateralwards. Sometimes the corresponding Recti of 
the two eyes act in unison, and at other times the opposite Recti act together. 
Thus, in turning the eyes to the right, the Rectus lateralis of the right eye will 
act in wpon with the Rectus medialis of the left eye ; but if both eyes are directed 
to aTiob^ilei^ in the middle line at a short distance, the two Rt^cti mediales will act in 
tmfabn. ' The movement of circumduction, as in looking round a room, is performed 
by tl^ejiuoceseive actions of the four Recti. The Obliqui route the bulb of the 
e^ye rin Its anteroposterior axis, the superior directing the cornea downwards and 
i^tefalwar^, a^. inferior direbting it upwards! aiSi lateralwards ; these move- 
ments Uiquiced for the correct viewing pf an object when the head is moved. 
> as from shoujder to shoiMer, in order that the picture may fall in all 

the same part of the retma of either eye, 

A;^layer of non-striped muscle, the Orhitalia musde of H. Miiller, bridges aerosg 


muiloleof not be confused With the palpebral non-striped musoi#. 
' Ja tihe upper ej^Hd this unite# the sup^ior tai#u8 to the tendon of the 
‘ in the fbwer eyelid it connSeta the inferior tartus with the Ofc^uus infi^r ' 
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The fascia bulbi (capsule of Tenoi^} (fig. 893) is a thin membrane which 
envelops the bulb of the eye from the optic nerve to the ciliary region, 
separating it from the orbital fat and forming a socket in which it plays. Its* 
inner surface is smooth, and is separated from the outer surface of the sclera 
by the. ^peri^dergl l^ ; this lymph-space is continuous with the subdural 

and suDara^nbid cavities, and is traversed by delicate bands of connective’ 
tissue which j^^tend between the fascia and the solera. The fascia is perforated 
behind by the Ciliary vessels and nerves, and fuses with the sheath of the optic 
nerve and with the sclera around the entrance of the optic nerve. In front 
it blends with the ocular conjunctiva, and with it is attached to the ciliary 
region of the eyeball. It is perforated by the tendons of the ocular muscles. 


Pig. 803. — A sagittal section of the right eye, showing the fascia hulbi, 
(Semi-diagrarnmatic.) (Tcstut.J 



and is reflected backwards on each as a tubular sheath. The sheath of the 
Obliquus superior is carried as far as tlio fibrous pulley of that muscle ; that 
on the Obliquus inferior reaches as far as the floor of the orbit, to wWch 
it gives off a slip. The sheaths on the Recti are gradually lost in the 
perimysium, but thev give off important expansions. The expaxisioh from 
the Rectus superior blends with the tendon of the I^^evator palpebras superipris ; 
that of the Rectus inferior is attached to the inferior tarsus. The exponsions 
from the sheath of the Recti medialis and lateralis are strong, especially that 
from the latter muscle, and are attached to the lacrimal and zygomatic bones 
res|>ectively. As they probably check the dictions of these two Recti thJgw> have 
been named the Ijgtimenif. Lockwood'*' desonbed a 

thickening of the lower part of the fascia bulbil which he named the siis p^qr v 
ligament ^ the eye ; it is slung like a hammock below the eyeball, being e^andra 
in the centre, and narrow at its extremities, which are attach^ to the 
zygomatic and lacrimal bones respectively. 

* Jowmal of Afudoiay md Phytiology^ vol. xz: 



Flo. y04. — The fioiit of tlin loft e^u witli the evolids 
^epftrutod to show the plica serniliumris, earunculft 
lacvhnrtlis and pnncta lacriinalia. 
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Tl^ orbital fascia forms the periosteum of the orbit, but is loosely con- 
i^ted to the bones. Behind, it is united with the ^ura mater and mth ihe 
sheath of the optic nerve. In front, it is connected with the periosteum at the 
•margin of the orbit, and sends ofiE a stratum which assists in forming thti orbital 
Prom it t wo proce sses are given off: one to enclose tlie laonm^l 
other tp. hpliLtbe puUey of the Obliquus superior in position. 

Applied Anatomy . — The positions and oxact areas of insertion of the tendons of the 
Kecti niedialis and lateralis into the bulb of the eye should be carefully examined from 
the front, as the surgeon is often required to divide one or other of the muscles ujv the 
cure of strabismus. In convergent strabismus, which is the more common form of the 
disease, the eye is turned medialwards, which may require the division of the Ki'cius 
mcdialis. In the divergent form, which is more rare, the e\e is turned Interalwards, the 
Hectus lateralis being especially implicated. Tf the deformity prodiic(?d in c'ither rase 
bo marked, it may b('. remedied 
by division of one or the other 
muscle. The operation is thus 
performed : the lids are to be 
well scjparated; the eyeball is 
rotated lateralwards or medial- 
wards, and the conjunctiva 
raised by a pair of forceps, and 
incised iiitimediately beneath the 
lower border of the tendon of the 
muscle to bo divided, a little 
behind its insertion into tlio 
sclera; the submucoxia areolar 
tissue is then divided, and into 
the small aperture thus made, 
blunt hook is passed \ipwards 
between the muscle and the 
bulb, and the tendon of the 
muscle divided by a pair of 
blunt-pointed scissors passed 
b(itween the hook and the bulb. 

The 4 ?onver 8 o operation is 
that of advancement y in which 
I'ither the Kectus niedialis' or 
Rectus lateralis (depending on 
the form of strabismus) is 

shortened. The muscle is exposed in a similar manner; its tendon is dividend, 
sutured to the globe of the eye in front of its previous site of attachment. 

Removal of the eyeball is effected by dividing the conjunctiva all round with scissors 
»t its attachment to the cornea, after which each ocular muscle in turn is picked up on a 
blunt hook and divided close to the sclera. Thtj optic nerve is then divided with curved 
scissors passed to the back of the orbit; it should be remembered that the pcrini'iiral 
sheaths frohi the meninges are opened by this manoBii\re, 

Exophthalmos, or abnormal protrusion of the eyeball, is usually bilateral. It is 
almost always present in exophthalmic goitre or Graves’ disease, in which it is clue to 
abnormal stimulation of the cervical sympathetic nerves producing spasm of Muller’s 
muscle, which passes between the eyeball and the eyelids. Less often it results from 
venous congestion of the orbital veins due to thrombosis of the cavernous sinuses. 
Unilateral exophthalmos is rare, and is caused by orbital cellulitis, periostitis, or novi' 
growth, or by traumatic arterial or arteriovenous aneurysm of the carotid artery beliind 
the orbit. Intermittent exophthalmos, occurring only when the head is depressed , is very 
rare, and is due to tho presence of varicose veins in the orbit. 

In hydrocephalus the eyeball may be forced down so low in tlui orbit, through depres- 
sion of the orbital plate of the frontal bone by the accumulation of fluid within the brain, 
that the patient, usually an infant, loses bis sight because tho pupil comes to lie below the 
lower eyelid even when the eye is open. 


Punctum lacrimale—-^ 
IpHca semilunaris —' — , 

( '(iruncula lacrimalis — * 

Punctum lacrimalc 

Openings of tarsuf^^^- 
glands 



and 


The eyebrows are two arched eminences of skin, which surmount the orbits, 
and support numerous short, thick hairs directed obliquely on the surface. 
Ilbrea of the Orbicularis oouli, Gcnrriigator, and Frontalis muscles arc inserted 
into the skin of the eyebrows. 

The eyelids or palpebr^ are two thin, movable folds, placed in front 
of the eye, protecting it from injury by their closure. The upper eyelid is the 
larger ahd more movable, and is furnished with an elevator muscle, the Levator 
palpebrfis superioris. When the eyelids are open, an elliptical space, the 
palpebral fissure ( rjima is left between their margins, the angles 
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of which oorrcqp^od iiO' tfa« jtmotions^of the nppec wd lowfnr eydidt^eiid 
naliftH thft fidSprfanZ or eaidhiL . 

The laierc^ commissure is moire acute than the medi^, audi the^ 

eyelids here lie in cl^e contact with the bulb 6f the eye : but the iiifiied%(d paXp^ 
conmisswrt is prolonged for a short distance towards the nose, and th^ tiito 
eyelids are separated by a triangular space, the (fig. 8M). 

At the basal^jngles of the lacus lacrin^ahs, on the margin of each eyehid, is a 
small conioairt^vation, the the apex of which is pierC^ by 

a small orifice, the piinctuTifhJt^cTitxs^^i the commencement' of the lacrimal duct. 

The eyelashes are attached to the free edges of the eyelids from the lateral 
palpebral commissure to the lacrimal papillse. They are short, thick, curv^ 

. hairs, arranged in double or triple^ ; 

Fio. 895.-— A sagittal section through the upper : those of the UppOT eyrfid, 

eyelid. (After Waldeyer.) nio^e numerous and loiter than 

those of the lower, curve uj[)wards ; 
those of the lower eydid curve 
downwards, so that the upper and 
lower eyelashes do not interlace' 
closing the lids. Near the 


m 

attachment of the eyelashes are 
the openings of a number of 
glands, the arranged 

in several rows close to the free 
margin of each lid; they are 
regarded as enlarged and modified 
Sudoriferous glands. 

Stmehue of the eyelids.— From 
without inwards, each eyelid con- 
sists of : skin, areolar tissue, fibres 
of the Orbicularis oculi, tarsus, 
orbital septum, tarsal glands and 
conjunctiva. The upper* eyelid 
has, in addition, tiie aponeurosis 
of the Levator palpebr® superioris 
(fig. 895). 

The shin is extremely thin, and 
continuous at the margins of the 
eyelids with the conjunctiva. 

The siibcvJtaneous areolar tissue 
is very lax and delicate, and seldom 
contains any fat. 

The palpebral fibres of the Orbi- 
cularis ocuU are thin, pale in colour, 
and parallel to the palpebral fissure. 

The tarsi (fig. 896) are two thin 
elongated plates of dense connective 
tissue, about 2*5 cm. in length ^ 
one' is placed in each eyelid, and 
contributes to its form and support. 
The superior tarsus, the larger, is of 
a semilunar form, about 10 mm. in 
height at the centre, and gradually 
narrowing towards its extmmitiesk. 
The lowest fibres of the supr&ial 
lamella of the aponeurosis of the Levator palpebres superioris are attached to the 
anterior surface, and the deep lamella of the same a;^neuiosis is inseriied ihW t^f^ 
upper margin, of the superior tarsus. The is^erior tarsus, the 
fairly uniform in breadth, and has a vertiipl diameter of about mth; 
or ciiutTy margins of these plates are thicli: and straight. The attao^d^ 
margins’ are coijnected to the circumferenuo of the orbit by tbi ^ 

Ihe latoral augleis are attached to the sygumarie Ibone by tfie pal|^1l4,raje 
The medial angles of the two plates end at' tba jtlous.tacrimiGdjls,,s^ 
tp the frontal process oHie mi^ta “ao4av v 



d. Skin, b. Orbicularis oculi. b'. Marsloal fsHClculus of 
Orbicularis (ciliary bundle), e. levator paljwbrte. d. Con- 
junctiva. e. Tarsal glanos. f. Opening of tarsal gland, 
g. Sebaceous gland, a. Kyelashes. i. Small balrs of sldn. 
i. S^at-glands. k. Posterior tarsal glands. 



ACCiaaSOftY GBOANS 

a membi»notis sheet, attached to the edge oi the orbit> 
It bbptiiittous with the periosteum. In the upper eyelid it bleii^ With 
^the apoUeurosis of the lueyato; palpebrm superioris, and in the lower eyelid with 
tarsus. It is perfoxated by the vessels and nerves which pass from the 
orbital cavity to the face and scalp., « 


Fio. 896; — ^Tbo tarsi and their li^ments. Front view. (Testut.) 



The tarsal glands (%• 897 ) are situated near the inner 

surfaces of the eyelids, between the tarsi and conjunctiva, and may bo distinctly 
seen through the latter on everting the eyelids, presenting an appearance like 
parallel strings of pearls. Tlicre are about thirty in the upper eyelid, and somewhat 
fewer in the lower. They are imbedded in grooves in the inner surfaces of the 


Fio. 897. — The tarsul glands of tlio cyt^lids. Seen from within. 



' . ^ breadth o{ these plates ; they axe, conse* 

!^.tfpper I8uftt in tM lower eyelid. Iheir duets opai on' the 
^ ^ foramina._ 


are modified sebaceous |^nds, each consisting^ 
lcle» with numerous small lateral diverticula, nio 
mt^ membrane, and are lined at^th^ 
;^l^,<^.|he tubm and the laterat oft^^is ato 
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The conjunctiva is the mucous membrane of the eye. It lines the inner 
surfaees of the eyelids or palpebra>, and is reflecxed over the fore part of the 
sclera and the ccqrnea. 

The pa^ebral portion is thick, opaque, highly vascular, and has numerous 
subopithelial connective tissue papillse, its deeper part containing a considerable 
amount of lymphoid tissue. At the margins of the lids it is continuous with 
the lining membranes of the ducts of tb'^ tarsal glands, and, through the lacrimal 
ducts, with '^^^^^lining membrane se lacrimal sac and nasolacrimal duct. 

At the lateral angle of the upper i^^elid the ducts of the lacrimal gland open 
on its free urface ; and at the medial angle it forms a semilunar fold, the plim 
The line of reflection of the conjunctiva from the upper eyelid on 
to the bulb of the eye is named the superioi fornix, and that from the lower 
lid the ipfj^ior fornix ; on ac<'ount of the ^eater size of the upper eyelid the 
superior fornix appears to bo situated further back than the inferior. Upon 
the sclera the conjunctiva is loosely connected to the bulb of the eye ; it is 
thin, transparent, uestitut© of papillse, and only slightly vascular. Upon the ' 
cornea, thi. conjunctiva consists only of ^mthclium, constituting the epithelium 
id the cornea, already described (p. '154). The epithelium of the palpebral 
conjunctiva is columnar, that of the conjunctiva and.the.edrnea is 

stratified squamous. Lymphatics prise in a delicate zone around the cornea, 
and run to the ocular conjunctiva. 

In and near the fornices, but more plentiful in the upi)er than in the 
lower eyelid, a number of convoluted tuLolar glands open on the surface of 
the conjunctiva. Other glands, jinalogous to lymphoid follicles, and called by 
Henlc irachonui glands, are found in the v'Cnjunc,,i\a, and, according to 
Strohmeyer, are chiefly situated near the medial palpebral commissure. They 
were first described by Brush, in his descripoion Peyer’s patches of the small 
intestine, as ‘ identical structures existing in who under ej-elid of the ox.' 

The carunculu hcrimalis (fig. S94) is a small, reddifth. conical body situated 
at the medial palpebral commissure, and filling up the lacus hcrimalis. It 
consists of a small island of skin containing sebaceoua and audciiferoua glands, 
and is the source of th^ whitish secretion which constantly collects in this 
region. A few slender hairs arc attached to its surface. Lateral to the carun- 
cula is a slight semilunar fold of conjunctiva, the concavity of which is directed 
towards the cornea ; it is called the plica semilunaris, !\Iulier found smooth 
muscular fibres in this fold ; in some of the domesticated animals it c6ntains 
a thin plate of cartilage. 

Tho nfrvfiS of tL, conjunctiv.a «r' iiumerous; many of them end in terminal bulbs, 
first described by Krause (p. ]00o}. 

l.ACBiMAL Apparatus (fig. 898) 

The lacrimal apparatus consists of (a) the lacrimal gland which secretes 
the tears, and il<it excretory ducts which convey the fluid to the surface of 
the eye ; (h) the Lacrimal ducts, the lacrimal sac, and the nasolacrimal duct, 
by which the fluid is conveyed into the cavity of the nose. 

The lacrimal gland is lodged in the lacrimal fossa, on the medial side of 
the zygomatic process of the frontal bone. It is of an oval form, about the 
size and sha]^ of an almond, and consists of two portions, described as the 
superior and inferior lacrimal glands. The^superior lacrimal gland is connected 
to the periosteum of the orbit by a few fibrous bands ; the inferior lacrimal 
gland is separated from the superior by the aponeurosis of the Levator palpebrss 
superioris, and projects into the back part of the upper eyelid, where its deep 
surface is relat^ to the conjunctiva. The ducts of the glands^ from six to 
twelve in number, run obliquely beneath the conjunctiva for a short distance, 
and open along the lateral half of the superior conjunctival fornix. 

StrucLure of the lacrimal glamd (fig. 899). — ^In structure and general appearance the ^ 
lacrimal resembles the salivary glands (p. 1053). It is a A 

the alveoli of which are lined by colunmar cells resting on a basemCnt' memp^ne. , 
The cells contain oval nuclei, and in..ti|^jrrating conditio are crowded with BmaH 
€lea^acuol^,^^luch actively; pmt^plaSimc 

gramS^ are also present. l%e ducts are lined by colusma^ eti^eliai cew 
do not lanow the rodded structure of the ewesponaing cells in we saUv8zy;^n^^^ 







m 


''■': .^6 at caaieus> in.e^h ey^d, oommenee as aiinute 

Wu(^; tanos^ j^Otela herim(^, im ihii saauBHs of ihe papiOcB tacr^mka, 
S6^ ^ the loai^^its of the lids at the lateral extremity of thelacus laOT’nialu. 


* Fig. 898.— The laciimal apparatus. Iieft side. 


lacrimai duets 


LacrimcU sac 


Nasal septum, 

Middle nasal, 
concha 

Inferior nasal 
concha 



Superior lacrimal 
gland 

Aponeurosis of 
Levator palpebrot 
superions 
’Inferior lacrimal 
gland 
'Conjunctiva 


Puncta Ircrin^alia 

Nasolacnmal duct 
Maxillary sinus 

Inferior m talus o, nasal cavii^> 


The aiipmor duct, the smaller and shorter of the two. at tirst ascends, and then 
bends at an acute angle, and passes mcdialwards and dovmwards to the lacrimal 
sac. The iTiferior duct at hrst descends, and th<. . runs almost horizontally' 
to the lacrimal sac. At the 

Flo. 809. — .4. traupverse ' 'ction oi a £)ortiou of 
the lacrimal n '18 rfac’»t. X260. 


angles they are dilated into 0 pt- 
jgmst* walls are dense 

in stracture and their mucous 
lining is covered by stratified 
squmnous epithelium, placed on 
a basement membrane. Outside 
the latter is a layer of striped 
muscle;, . continuous with th^ 
lacrid>4 part of the Orbicularis 
oouQ at the base of each lacrimal 
papilla the muscular fibres are 
Omitiiarly ' arranged and form a 

.h^d 

, The lit^iidmal «iac is the upper 
d^ls^^Oipid. of the aasdamimal 
;dj)^, 0^ hi lot^ Jn a deep 
> #ribtkl. hy: the. lacrimal 
^ the 

It'tt'pvw in Iona, an4 
to lA mm. in 



4lhgt4t't; ^ ^ cld^ and founded; its lower is continiwd into.thb 

nm of the laoiriiiml du^ ; 

“““ fwc- %6ijtiiS*»itdy related to the memal - 


' 8 ^ ' 
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divides into a strong anterior, and a weak posterior, lamina. The anterior lamina, 
the medial palpebrm ligament (tcmdo oculi), passes in front of the upper part of the 
lacrimal sac and is attached to the anterior lacrimal crest and to the frontal process 
of the maxilla, anterior to this crest. This lamina is connected to the upper part of 
tlie lacrimal sac, but is separatcid from the lower part by some fibres of the Orbicularis 
oculi which pass deep to it, thus leaving its lower margin free and conspicuous 
after removaj^^i the skin. The posterior lamina of the medial palpebral ligament 
passes behinJl'afid is adherent to the lacrimal sac and is attach^' to the posterior 
lacrimal crest ; the lacrimal part of the Orbicularis oculi is also behind the sac. 

The lower half of tlie fossa which lodges the lacrimal sac is related .medially with 
the anterior part of tin* middle, meatus of the nasal cavity ; the upper half with the 
anterior ethmoidal cells. 

S. E. Whitnall * examined 1(X) vskulls and found that in 14 per cent, the anterior 
ethmoidal cells came into relation only with the posterior wall of the fossa ; in 
32 per cent, they reached as far forward as the suture between the lacrimal bone 
and the maxilla ; while in 54 per cent, one large irregular cell extended forward as 
far as the anterior lacrimal crest. 

Structure.- — The lacrimal sac consists of a fibrous elastic coat, lined internally 
by mucous membrane ; the latter is continuous, through the lacrimal ducts, with 
the conjunctiva, and througli the nasolacrimal duct with the mucous membrane 
of the nasal cavity. The tears pass from the superolateral to the inferomedial 
angle of the conjunctival sac. They arc directed b}' : (a) the medialward pull of 
the Orbicularis oculi ; (6) the contractions of the muscle around the lacrimal ducts ; 
and (g) the compression of the lacrimal sac by the hu-iimal part of the Orbicularis 
oculi. 

The nasolacrimal duct (nasjil duct) is a membranous canal, abo\it 18 nun. 
long, which extends from the lower part of the lacrimal sac to the anterior 
part of the iiiferior meatus of the nose, whore it ends in a somewhat expaiuhjd 
orifice, provided with an imperfect valve, the plica lacrimalis (Ilasncri), formed 
by a fold of the mucous membrane. It is contained in an osseous canal, formed 
by the maxilla, the lacrimal bone, and the inferior nasal concha ; it is narroww 
in the middle than at either ^nd, and is directed downwards, backwards, and 
a little lateralwards. The mucous lining of the lacrimal sac and nasolacrimal 
duct is covered with ooluiniiar epithelium vvhich in places is c*diated. 

Applied Anatomy, — Tlie. cycliils are comnosod of various tis!?\ies, .mikI cojisoquontly 
arc liable to a variety of diseases. The skin cov.irijig tbein is tliin end delicate, and is 
supported on a quantity t»l' loose areolar subcutmioous tissue, devoid of fat. In conse- 
quence of this it is very frc'idy movabii , and is liiihJe to be drawn down by the contraction 
of neighbouring cicatrices, and thus i^rodm.^ an eversion of the lid, kjiowii as ectropion, 
Invorsion of the lids {entropion) from spasm of the Orbicularis oculi or from chronic 
inflaniinsition of the palpebral conjunctiva may also occur. The cellular tissue 

beneath the skin is lial)le to bccorni extensively infiltrated either with blood or inflamma- 
tory products, producing very great sw(*Hing. Even from very slight injuries to this 
tissin', the extravasation of blood may bo so great a.s to produce considerable swelling of 
the eyelids and complete closure of the eye, and the same is the case when inflammatory 
products are poured out. The follicles of the eyelashes, or the sebaceous glands associated 
with thcs<‘, follicles, may be the seat of inflammation, constit\iting tiu' ordinary ‘ stye.’ 
Irregular or disorderly growth of the eyelashes not infrequently oe.curs, some of them 
being turned towards the eyeball and prcHlueing inflammation and \ilcerfttion of tbo 
cornea, and possibly eventually complete dOstruction of the eye. The Orbicularis oculi 
may be the scat of apa^srn, either in the form of slight (puvering of the lids; or repeated 
tvvitchings, most ooinraonly due to errors of refraction in children; or more continuous 
spasms, due to some irritation of the trigcTninal or of the facial nerve. The Orbicularis 
oculi may bo paralysed with the other facial muscles, Under these citcumstenccs the 
patient is unable to close the lids, and, if He attempts to do so. rolls the eyeball upwards 
under the upper eyelid. The tears overflow from displacement of the tewer eyelid, and 
the conjunctiva and cornea, being constantly exposed and the patient being unable to 
wink, become irritated from dust and foreign bodies. Ptosis, or drooping of the upper 
eyelid, may be congenital, or may bo duo to paralysis of the Levator palpebrse superioris, 
in w'hicb case there will probably be other symptobas of implication of the oculomotor 
nerve. The eyelids may be the seat of* bruises, wounds, or bums. Following burns, 
adhesion of the margins of the lids to each other, or adh^ion of the lids to the bulb m^y 
take place. They are sometimes the seat of emphysema, after fracture of some of the 
thin bones forming the medial wall of the orbit. If. shortly after such injury the 
patieflt blows his nose, air is forced from the nostril through thte Taeezated st/uetur^ 

* JSetaWy Noir« 191L^ ^ 
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into the oomiective tissue of^the eyelids, which suddenly swell up and present the peculiar 
■cfackling characteristic^ of this affection^ 

bodies frequently get into the conjuiicti val sac aud cause great pain , especially 
It they come in contact with the corneal surface, during the n.ovements of the eyelids 
and the eye on each other. The conjunctiva is often involved in severe injuries of the 
eyeball, but is seldom ruptured alone; the most common form of injury to the con jimctiva 
alone is from a burn, either from fire, strong acids, or lime. In these eases union is liable 
to take place between the ey<‘lid and the eyeball. The conjunctiva is often tlio sent of 
inflammation arising from many different causes, and the arrangement of the eonjunctival 
vessels should be remembered as affording a means of diagnosis betW(‘eu this condition 
and injection pf the sclera, which is present in inflannnation of the deeper structure's of 
the bulb of the eye. The inflamed conjunctiva is bright red; tho vessels are large and^ 
tortuous, and greatest at the circumfereuce, shading off towards the corneal margin;*^ 
th(\y anastomose freely and form a dense network, and they ciiii be emptied or displacoil 
by gentle pressure. Infliunmatiou of the. underlying sclera, ciliary body, or iris, is a 
far more serious condition; the injection is in the deeper vessels of the eye, and as S('en 
through the sclera presents a diffuse and dull purplish or violet zone, of circumcovneal 
discoloration. 

Till*. Jacrinu 1 ducts may boconio occluded as a result of burn^s or injury; overflow of 
the tears may also result from deviatif^n of the jnmeta, or from chronic inflammatiim 
of tho lacrimal sac. This latter condition is set uj) by some obstruction to the naso- 
lacrimal duct, frequently assornated with some infection from the nasal cavity. In 
eonsoquenc<* of this the tears and mucus accunmliite in the lacrimal sac and distend it. 
Suppuration in the lacrimal sac is sometimes met with: tins may bo tho soqiiol of a 
chronic inflammation. It may load to lacrimal fistula from an abscess forming in the sac, 
which bursts or is opened on the surface: tho condition is often scon in badly nonriabod, 
tuberculous children. 


Tm: Groan of Hearing 

Tho ear or organ of hearing is divisible into three parts : the external ear, 
the middle ear or tynnpanic cavity, and the internal oar or labyrinth. 


The External Ear 

The external ear consists of the expanded portion named the avricvla 
or pinjicuj and the eJcternal acoustic meatus. The former projects from" the 
side of the head and serves to collect the vibrations of the air by which sound 

is produced ; the latter le:\ds inwards from tlio - 

bottom of the auricula and conducts the 900. — The. rigid, tiuiicula. 

tions to the tympanic cavity, 

The auricula or pinnsHflgT 900) is of an 
oval formf, with its larger end directed upwards. 

Its lateral surface is irregularly concave, looks 
slightly forwards, and presents numerous emi- 
nences and depressions to which names have 
been assigned. The prominent rim of the 
auricula is called the ^ejirr, ; where the helix 
turns downwards behind, a small tubercle, 
tho auricular tub^rcU o/ Darwin, is frequently 
seen ; this tubercle is very evident about tho 
sixth month of footaUife, when the whole 
auricula has^a close resemblance to that of 
some of the 'adult monkeys. Another curved 
promin^e^ parallel with and in front of the 
helix, is called the n^^helix ; this divides above 
into two between which is a triangular 

depres^on, the The narrow 

curved depre^ssion between The helix and tho 
antihelix is called the the antihelix 

describes a curve round a capacious cavity, 

the trhioh is incompletely divided into two parts by the crus or anterior 

end of; the helix ; the upper part is termed the eumba the lower part 

the caey In front c# the concha, ana projecting baelcwards over 

meal^ris a small pointed eminence, the tjMfWS • called from its 
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generally covered on .under surface vrith a tuft of hair, xese^U^ : 

beard. Oppodte the ■tragus, and separate from it by tie 
is a small tuberde, ike antit rams. oeiQw this is the Ijjm&i comi 


Fig. 901 .^The cranial surface of th^bartilage o| the right auricula. . 



areolar and adifjoso tissues, and wanting the firmness and elasticity of the 
rest of the auricula. 

The cranial surface of the auricula presents elevations which correroond 
to the depressions un its lateral surface, and after which they are named, e.g. 

eminentia conchas, eminentia 


Fio. 902. — The muscles of the auricula. 


triangularis, &c ; 

Structwe. — The aiuicula is 
composed of a thin plate of 
yellow fibrocartilagc, covered 
with skill, and connected to the 
surrounding parts by ligaments 
and muscles ; it is continuous 
with the cartilaginous portion 
of the external acoustic meatus, 
and the latter is joined to the 
circumference of the porus acus- 
ticus cxtemus by fibrous tissue. 

The shm\ is thin, dosely 
adherent to the cartilage, and 
covered with fine hairs furmshed 
with sebaceous glands which are 
most numerous in the concha 
and scaphoid fossa. On the, 
tragus and antitragus the hairs 
. are strong and numerot^. The 
skin of the auricula is continuous 
with that lining the eaj^tnal 
acoustic meatus. ^ ^ , 

The cartilage 

901, 909) 'df 

sii^e piece ;^upo^ itu sujcfaoG 
are found the <einine(iiceB and 
depressioUiB above 4 escribed.' 
A It is absent tjbe lobule^ ; 
7 it ' Is ^defi^^t,^'hlB^ 
tihe tragus and begiiming of the he]ix, ths gap be^ fiU^ ,u^p;|^i^deUi 
tissue. At the frt^ part ^ of the\,e.u^c^a, wlfere ^he' he|Eix''bs^ 
is.a.sn:^! pn]jectiph of cartflag^i ea|Wl the 
jHBfft of the, heBs: the cartilage is .w, , 




i '^is IB 'ijti;||Mroted itgm ^ ia itifa Bl i x by a finuzBt 
llid ^raioiil aapeo^ oi. thi^ bartilage eidiibit^ a tran^iverse 
S&e which correspoads with the iclerior 

crUa of the and aeparates the eminehtia conchsa from the eminentia 

triangul^s,.. The eminentia 'oonohse is crossed by a Vertical ri<^e 
which giv^jsititjegii^^ Auilihtlaris posterior muscle. In the cartilage 

of the aunoula are two nasures, one behmd the crua helicis and another in 
the tragus. 

The Ugaviefitn of the auricula-^ consist of two sets : (1) extrinsic, connecting it to the 
side of the head ; (2) intrinsic, oonneoting various parts of its cartilage together. 

‘ The exirinaie ligamonts are ‘two in number, anterior and posterior. The anterior 
ligament extends from the tragus and spina helicis to the root of the zygomatic process 
of the temporal bone. The poateriot ligament passes from the posterior surface of the 
concha to tne outer surface of the mastoid process. 

^ The chief intrinsic ligamenta are : (a) a strong fibrous band, stretoliing from the tragus 
to the helix, completing the meatus in front, and partly encircling the boundary of the 
concha ; and (b) a band between the antihelix and the cauda helicis. Other loss impor- 
tant bands are found on the cranial surface of the pinna. 

The muaclea of the auricula (fig, 902) consist of two sets : (1) the extrinsic, which 
connect it with the skull and scalp and move the auricula as a whole; and (2) the 
intrinsic, which extend from one part of the auricula to another. 

The extrinsic muscles are the Auriculares anterior, superior, and posterior. 

The Auricularia ante fioTt the smallest of the three, is thin, fan-shaped, and its fibres 
are pale and indistinct. It arises from the lateral 6dgc of the galoa aponeurotica, and 
its fibres converge to be inserted into the spina helicis. 

The Anricularia auperior, the largest of the three, is thin and fan-ahaped. Its fibres 
arise from the galea aponeurotica, and converge to be inserted by a thin, flattened tendon 
into the upper part of the cranial surface of the auricula. 

The Aurtcularts poaterior consists of two or three fleshy fasciculi, which arise by short 
aponeurotic fibres from the mastoid portion of the temporal bone, and are inserted into 
the lower part of the cranial surface of the concha. 

Actioua. — In mad, these muscles possess very little action : the Atiricularis anterior 
draws the auricula forwards and upwards; the Auric iilaris superior slightly raises it; 
and the Aurioularis poaterior draws it backwards. 

The intrinsic muscles are the : 

Helicis major. Antitragicus. 

Helicis minor. Transversus auriouloj. 

Tragious. Obliquus auriculae. > 

The Helicia major is a narrow vertical band situated upon the anterior margin of the 
helix. It arises from the spina hcljois, and is inserted into the anterior border of tihft 
helix, just whOTe it is about to curve backwards. 

The Helicia minor is an oblique fasciculus, covering the crus helicia. 

The Trqgioua is a short, flattened vertical band on the lateral surface of the tragus. 

The Antitragicua arises from the outv^r part of the antitragus, and is inserted into the 
cauda helicis and antihelix. 

The Ttanaveraua auricula is placed on the cranial surface of the pinna. It consists 
of scattered fibres, partly tendinous and partly muscular, extending from the eminentia 
conches to the eminentia scaphee. 

The Ohliquua auricnlat also on the cranial surface, consists of a few fibres extending 
from the upper and back part of the eminentia conches to the eminentia triangularis. 

Nerrea. — The Auriculares anterior and superior, and the intrinsic musdes on the 
lateral surface, are supplied by the temporal branches of the facial nerve, the Auriculads 
posterior and the intrinsic muscles on the cranial surface by the posterior auricular branch \ 
.of'tbesazne np^ve. 

~ The arieriea of the auricula arc : (a) the posterior auricular branch of the external 
carotid c^rtcryrWluch supplies three or four branches to the cranial surface^ from l^ese 
’Ranches reahh the lateral surface, partly by passing through the fissums o£^^> 

by turning round the margin of the helix; (b) the 
' atn^d^uiiir bisanolm the sup^oial temporal artery, which are distributed to, the lateimi 

i and . (d) h branch from the 00 ^ 

Theudins aeeon^ny the oorri^ V 

' tho great auricular nerve, from the cervical ple^^us^ ' 

hian^ih of the vagus herve; the auriculotemporal branch of fho mandlhnlar', 
nervel^ ^d>the tedser ici^rv4» ihe ii^rvica^ 

extenite finmi the bottom eC the 
80^. It is aboiit 4 cm. hnur 

4 th<» cohehA jt$ length hbont 
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It forms an S-ahaped curve, and is directed at first inwards, forwards,, and 
slightly u];)ward8 (par^ externa ) ; it then jmsses inwards and backwards 
media), and lastly is carried inwards, forwards, and slightly downwards {^rs 
interna). It is an oval cylindrical cafial, the greatest diameter beirtg direcfted 
downwards and backwards at the external orifice, but nearly horizontally 
at the inner end. It presents two constrictions, one near the inner end of 
the ' cartilagi|3pas portion, and another, named the isthrri'uji, in the osseous 
portion, abou%^ cm. from the bottom of the concha, llie tympanic membrane, 
which closes the inner tmd of the meatus, is obliquely directed ; in consequence 
of this obliquity the floor and anterior wall of the meatus are longer than 
the roof and posterior wall. 

The external acoustic meatus is formed partly by cartilage and membrane, • 
and partly by bone, and is lined by skin. 


Flu. 903. — Thi^ oxfccrnul and middle portions of the ear, opened from the front. 

Bight side. 



Cartilaginous part of external Cony part of ertvmal acoustic meatus 

acoustic /neatns 


The cartilaginous j^ortion is about *8 mm. long ; it is continuous with the 
cartilage of the auricula, and is fixed to the circumference of the poms acusticus 
externus of the temporal bone. The. cartilage is deficient at the upper and 
posterior parts of the meatus, its place being supplied by fibrous membrane ; two 
or throe deep fissures are present in the anterior part of the cartilage.^ 

The osseous portion is about Ifi mm. long, and is narrow'or than the cartila- 
ginous portion. It is directed inwards and a little forwards, forming in its 
course a slight curve the convexity of^hich is upwards and backwards. Its 
inner end is smaller than the outer, and sloped, the anterior wall projecting' 
beyond the posterior for about 4 Aim. ; this end is marked, except at its Upper 
part, by a naiTOW groove, the to which the circumference 

of the tympanic membrane is attached. Its outer end (porus acusticus externus) 
is dilated and rough in the. greater part of its circumfei'ence, fpr. the s^ttaohment 
of the caitilaginous portion. The anterior inferior parjbs of the osseous 
portion are formed by the tympanic part of .Wie temporal bone, which, in the 
foetus, exists the tympanic ring (p. 210). 

Tlie skin which envelops the auricula is <!!oniinu^ into the external acoustic 
meatus and, covers the outer surface of the tymppme .membrane. It is thin 
and closely adherent 16 the cartilaginous and osseous parts of the tube* After 
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maceration, the thin pouch of epidermie, when withdrawn, preserves the form 
of the meatus. In the thick subcutaneous tissue of the cartilaginous part 
of the meatus are numerous glands which secrete the ear-wax ; their 

structure resembles that of the sudoriferous glands. 

Helaiions of the meatus , — In front of the osseous part is the condylo of tlie mandible, 
which, however, is sometimes separated from the cartilaginous port by a small portion of 
the parotid gland. The movements of the mandible inniienco to some extent the lumen 
of this latter portion. Above the osseous part is t-lio middle fossa of the skull ; behind it 
are the mastoid air-cells, separated from the inoatus by a thin layer of bone. 

The arteries supplying the meatus are branches from the posterior auricular, internal 
maxillary, and temporal arteries. 

X The n eip cs arc chiefly derived from the auriculotornporal branch of the mandibular 
nerve and the auricular branch of the vagus nerve. 

Applied Anafomy. — Malformations, such as imperfect ilevelopinent of the external 
parts, supernumerary auriciihr*, or absence of the meatus, are occasionally mot with. 
The, skin of the auricula is thin and richly supplied with blood, but in spite of this it is 


P'lO. 904. — A horizontal secjtion through the left ear. Upper half of the section. 
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often the scat of frost-bite, due to the fact that it is much cxpo.sed to cold, and lacks the 
usual underlying subcutaneous fat found in most other parts of the body. A collection 
of blood Is souiotimes found between the cartilage and perichondrium (hcptnatorna auris)^ 
usually the result of traumatism, but not necessarily duo to this cause; it is said to occur 
mo.st frequently in the oars of the insane, hepusits of urate of soda are often mot with 
in the auricubfi of gouty subjects. 

The external acoustic meatus can bn most satisfactorily examined by light reflected 
down a funnel-.shapod speculum, when the gn»ater part of the canal and tympanic mom- 
brime can be brought into view. In using this instrument, it is advisable that the auricula 
should l>e drawn upwards, backwards, and a little outwards, so as to render the meatus as 
straight as possible. The points to be noted are : tbo presence of wax or foreign bodies: 
the size of the meatus; and the conditioyi of the tympanic membrane. Accumulation 
of wax is nften a cause of deafness, and may give rise to v(’ry serious consequences, such 
as ulcerafion pf the membrane; it is best removed by syringing. Foreign l)odics are not 
infroqtien% introduced into the ear by children, and, when situated in the first portion of 
the meatus, may be removed with tolerable facility by means of a minute hf>ok or loop 
of fine, wire, aided l^y reflected lights; but when they have slipped beyond the narrow' 
middle part Of the meatus, their removal is in no wise easy, and attempts to effect it, in 
inexperienced hands, may be followed by destrh^jbion of the tympanic membrane and 
possibly the contents of the tympanic cavity, ■ 

. At the point of junction of^the osseous and'eartilaginous portions an obtuse angle, 
which projects into the tube at its antero-inferidr Wall, is formed; this prcMluces a sort 
of constriction, and renders it a narrow |»or1aon of the meatus— an important point to be 
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ronjembored in ooMexioii with the presence olfbreign ii^ Ih^ilw^- 

nesB of the meatue^in obiSdren should be borne in mind ih int^uclng tbe nmel sj^ululp, 
so that it be not p&hed in tti^ faf , at the risk of injuring membrane ; iiMieed* 

even in the adult the speculum should never be introduced beyond the constriction whibh' , 
marks the junc^on of the osseous and cartilaginous. poHions. Just in front of the meni*. 
brane is a well-marked depression, situated on the door of the meatus, and bounded by a,, 
somewhat prominent ridge; in this foreign bodies may become lodged. By aid of the,;, 
speculum, oprij^ed with traction of the auricle upwards and backwa^, the. greate^ part 
of the tympanic membrane is rendered visible (fig. 005). It is a peariy-geey membrane, 
slightly glistening in the adult, placed obliquely, so as to form ^ with the door of the meatus 
a very acute angle (about fifty -nve degrees), whUe with the robf it forms an obtuse angle. 
At birth it is more horizontal, situated in almost the same plane as the base of the skull. 
About midway between the anterior and posterior margins of tbe membrane, and e^ttend- 
ing from the centre obliquely upwards, is a reddish-y^ow streak; Uds is thsi^ handle of 


Fig. 905. — The right tympanic membrane, as seen through a speculum. 
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the malleus, which is inserted into the membrane. At the upper part ot this streak, close 
to the roof of the meatus, a little white, rounded promineaoe is plainly to be seen; this 
is the lateral or short process of the malleus, projecting against the membrane. The 
tympanic membrane does not present a pLme surface; on the contrary, its centre is 
drawn inwards, on account of its connexion with the manubrium of the malleus, and thus 
the external surface is rendered concave. 

The connexions of the nerves of the meatus explain the occurrence of constant cough- 
ing and sneezing, from impli(‘ation of the vagus, vneh there exists any source of irritation 
in the meatus ; and the vomiting which may follow ^ringing the ears of children, and the 
occasional heart failure similarly induced in elderly people. No doubt also the associa- 
tion of earache with toothache ^'with cancer pf the tongue is due to implicatioii: of 
mandibular branch of the trigeminal nerve, which supplies also the teeth and the'^tengue; 
The upper half of the tympanic membrane is much inore vascular than the lower, half ; for 
this reason^ and also to avoid the chorda tympahi nei^re and ossicles, incisions . through 
the membrane should be made at the lower ajj^d posterior part. 


The Middle Sae, .or iSngFANic Cavity 

The middle ear, or tympanic cavity, is an uregular, laterally comfn^esaed ; 
space, within theHoifiporal B<pe. It ia filled with air, which; is conve^^ to 
it from the nasal part of the pharynx through 'the auditory tube. , It . 

a chaiQ.of movable bones, which connect its late^l .tp its 
transimt the yibratiofis of the tymptmio ttembrand t]^ tb the . 

intemaleiar. ' , ^ \ ^ .y* v* 

, The tympanic cavity consistssof two p^s ; the : 

opposite- the tympanic men^iime, and the -aft fc or 
the level of the membrane ; the latter oont^n^^^ upp^^ 

^d t^^l^to ipart of the incus. 
pbstcsior diam^ers of the . cavity ate eebn. ;a||^^v. l6 
diameter measures abou\> 6 mm. alwye 
of the; membrane b 

^Imuiided 







>of eac:.: the tjmpu^ aatcom 

wd 1hiiQii;q^'’it -wSth'the a;^istoidvdirHwIIa, and hi j^st with the au^toiry tube 


Fia. 906. — Tho rnembranoua y?fi5l of the 
tympanic cavity. (Tosttit.) 


13ie tegmental wall or roof crf.tto tympan^ cWity is formed by a thm 
Ijlate of hoDp, thg t e^fin enj^^ which aaparates the cranial and tympanic 
, caviti^ agiid foRms tfie^eater part of the anterior surface* of the petrous portion 
•of the teihjpoasai brae j it is prolonged backwards so as to roof the tympanic 
atitnim, im^ldrwiirds to pover the semioanaf for the Tensor tympani muscle. 

The jiigUlar wall ^ floor is narrow, and consists pf a thin plate of bone 
which separates the tymi>anic cavitv from the jugular fossa. 
liT itrio^raie ISbyri^ wall, is 
a, Bo&aU^epe^urp for the passage ot 
the . tympanic branch of the glosso- 
phanntigeal xicarve^^ 

. Ihe rnembranoua or lateral wall 
<s. the tympaipc cavity is formed mainly 
by the tympanic membrane, but partly 
by the. ring ^ <A hone in which thw 
membrane Is attached. Theise is a 
. defloieiicy or notch in the upper part 
of the ring (9m^ , p/„ close 

to which are small ap^tures, 

viz. : the iter choi^sa posteriiis, the 
petrotympanic fissure, and the iter 
chordaa anteriuA. * * , ^ 

The it^ posterivs (apertura 

S nma ..con^culi chordse) is 
the angle of junctionr 
between the mastoid and mem-l 
branous walls of “the tympanic cavity,] 
immediafely behind the * tympamo I 
membrane and on a level vdtm tho 
upper end of the , manubrium mallei ; 
it leads into a minute canal, which 
defends in front of the canal for the 
facial nerve, and ends in that canal 
about 6 mm. above the stylomastoid 
foramen. Ifhrou gh it the LjshQEda.>t»m.r 
pani ngcve, and % branc^^ oi^hc. stylp- 
iBaaiftoid^ the ; tymg^io 

^ ir^e (Qla- 

6e^ii|A fisanre) bpens just abo^e and 
in jErbnt/oi tbe dng of bono into which 
the tympanic membrane is inserted.; 

.in this situation it is a |a«re slit about 

2 mm. ih len|^. It lodges the jintari or process and ant^ or liga mcmt of the 
yftlWiBj ii.T»d frn.T»wpnito to the tympanic caldty tKe'ahtim or ty mpanic 'Brano K' 

of Hi^uier) is placed ai( the medial end of 
. tii^']pOtii%inpSi:^fisM[re ; throi^ it the chorda tympani nerve leaves the 
.tyioffisabdaytty. ' , • 

‘bftepm 90^, 90d) separates tbp tympanio cavity 

tbs'extmmd adouMio meatus. It is a thin, semitr^lftBpalsift 
, in f^m, spme^at broader above than befo^, imd 

form^g tat an^e ot about fifty-five decrees with 
’ .fciik "^.'|lie’jfieaa«l 1^ loi^Mt diameter i» do^wards and' forwaids, 
^Imeasjbesle^SLtnJyaju^.; its;shortert diameter from 8 The gi^ter 

rcpim a ■^rdodrtil aain <»^rim 

mnS^ %a.-'Sul)W.iS: 
'.ttiy^liu^-aiid'from the. ends; df t^^ndteli 

K','- i , 'f-.* < . V.* ■ 



The malleus has been resected immediately 
belovr its lateral process, in order to show the 
malleolar folds and the para flacclda. 

1. Tympanic membrane. 2. Umbo. 9. Manu* 
brlum mauel. 4 Lateral process. 6. Anterior 
malleolirfold. 6. Posterior malleolar lold. 7. Pots 
flacclda. 8, 9. Anterior and posterior pouchbs of 
TrOltsch. 10. flbrocartUaglnoua ring. 11. Fetit>- 
tympanio fissure. 12. Auditory tube. 13. Iter 
chordae posterlus. 14. Iter chordas anterius. 
15. Fossa Incudis for short crus df the. Incus. 
10. Prominentia styloldea. *' 
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situated above these folds is lax and thin, and is named the (mem- 

brane of Shrapnell) ; a, small orifice is sometimes seen in it. The chief part 
of the membrane is taut and is named the ,The manubrium of the 

malic* ns is firmly attached to the medial surface of the tympanic membrane as 
far as its centre, which it draws towards the tympanic cavity ; the medial 
surface of the membrane is thus convex, and the point of greatest convexity 
is named the umbo, 

Structure.--^lie tympanic membrane is Composed of three strata : a lateral 
(cutaneous), sTif^mtormediate (fibjrous), and a medial (mucous). The cutaneous 
isYrolwm is derived from th<i akin which lines the externaF acoustic meatus, and 
consists of stratified epithelium. The fibrous stratum consists of two layers : a 
radiate stratum, the til)res of which diverge from the manubrium of the malleus, 
and a deeper circular stratum, the fibres of which are plentiful arOund the circum- 
ference but spaiso and scattered near the centre of the membrane. Branched or 
dendritic fibres (Gruber) an*, also present, especially in the posterior half of the 
membraiu*. The mucous stratum is part of the mucous membrane of the tympanic 
cavity ; it is thickest towards the upper part of the membrane, and is covered by 
a single layer of flattened cells. In tTie pars flaccida of the membrana tympani 
the fibrous stratum is re])laced by loose connective tissue. 

Vessels and Screes, — The aricrics of tlic tympanic menibraiu* are derived from the 
deep auricular branch of the internal maxillary artery, which raraifiefl beneath the 
cntaiieous stratum; and from tlie stylomastoid Immeh of the posterior suiricular artery, 
arul tympanic branch of the internal maxillary artery, w Inch are distributed to the mucous 
surface. The suptu-ficial veins open into the external jnguJar vt*in; those on tlie deep 
surface drain partly into the transverse, siinis and veins of tlie dura mater, and partly into 
a ploxna of veins on tlie auditory tube. The membrane lecel^■eH its nerve siipphj from the 
auriculotemporal branch of the mandibular nerve, the auricul.ar branch of the vagus 
nerve, and the tympanic branch of the glossopharyngeal nerve. 

The labyrinthic or medial wall (lig. 907) of the tympanic cavity is formed 
by the lateral wall ot tho internal ear. It presents for examination the fenestra 
ve^tibuli , the fenestra cochlege, the promontory^ and the prorjinwice of the 
faejaL^uaJ. ^ 

The fe7iestra vestibub (fenestra ovalis) is a reniform opening, situated above 
and behind the promontory, and leading from the tympanic cavity into the 
vestibule of the intonniLeai , its long diameter is horizontal, and its convex 
border is upwards. In tho rcc( at slat© it occupied by the base of the stapes, 
the circumference of which is fixed to the margin of the fenestra by the Iiga 
inenlum annulare bailees stapedis. 

The fenestra cochkm (fenestra rotunda) is situated below^ and a little behind 
the fenestra vestibuli, frtjm which it is separated by the promontory. It is 
placed at the bottom of u funnel-shaped dex^rcssion and, in the macerated 
bone, lead.s into the scala tympani of the cochlea ; in the recent state it is 
closed by the secondary iymfanir membrarte, which is somewhat concave towards 
the tynlpanic cavity, and convex towards the cochlea, the membrane being 
bent "so that its postorosuperior third forma an angle witli its antero-inferior 
two-thirds. This membrane consists of three layers : an external, derived from 
the mucous lining of the tympanic cavity ; an internal, from tho lining mem- 
brane of the cochlea ; and an intennediato, or fibrous layer. 

, The prommtoryh^ a rounded prominence, formed by the projection outwards 
of tho first turn of the cochlea ; it is placed between the feigeatra vestibuli 
and fenestra cochlese, and its surface is furrowed by small grooves which lodge 
the nerves of tho tympanic plexus, minute spicule of bone frequently 
connects the promontory to the pyramidal eminence. 

The prominence of the facial canal indicates the position of the apl>or part 
of the boijy canal (aquasductus Fallopii), in which the facial nerve is contained ; 
this canal trnverijes the labyiinthic wall of the tympanic cavity above the 
fenestra vestibuli, and then curves downw^ards along the maetoid wall. 

The snastoid or posterior wall of the tympanic cavity is wider abote than , 
below, and presents for examination the entrance to the tympanic antrum, 
the pyramidal eminence, and the fossa incudis. 

The en/'wnce to the ai^rum is a large irregular aperture, which leads faaqjcr 
w'ards from tho epitympUnic recess into an air-space, named the 
rmsioid antrum (p, 206). The antrum communicates behind and botow with 
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THE TYMPANIC CAVITY 

the air-ctUa, which vary considerably in number, si7.e, and form ; 

the antrum and mastoid air-ceUs arc lined by" mucous membrane, continuous 
with that lining the tympanic cavity. On the medial wall of the entrance to 
the antrum is a rounded eminence, situated above and behind the .prominence 
of the facial oenal ; it corresponds with the position of the ampullated ends of 
the superior and lateral semicircular canals. 

Thepyramidul emirieTwe is situated immediately behind the fenestra vestibuli, 
and in front of the vertical portion of the facial canal ; it is hollow, and containi? 
the Stapedius muscle ; its summit projects forwards towards the fer\cstra 
vestibuli, and is pierced by a small aperture which transmits the tendon of 
the muscle. The cavity^in the pyramidal eminence is prolonged downv'ards 


007. — A coronal section of tlu' vifjht temporal horn' 
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and backwards in front of the facial canal, and coinjiinnicates with it by a 
nunute aperture which transmits a twig from the facial nerve to the )Stai)edius 

muscle. . ■ 1 j , • 

The fgssa iiwwiis is a small depression in tlio lower and posterior pait of 
the epitympanic recess ; it lodges the short crus of the incus, which is fixed to 
the fossa by ligamentous fibres. , . , . . 

The carotid or anterior wall of the tympanic cavity is narrowed in 
its vertical diameter by the descent of the tegmen tyinpnni ; it is separated 
from the carotid canal by a thin plate of bone perforated by the tymjianic 
branch of the internal carotid artery, and by the caroticotympanic nerves. 
At the upper part of the anterior wall are the orifice of the semicanal for the 
Tensor tvmpani muscle, and the tympanic orifice of the auditory tube, separated 
from each other by a thin horizontal plate of bone, the septum eanalis musculo- 
tubaro. ' Tlieso canals run from the tympanic cavity forwards and downwards 
to the. angle of union between the squama and the petrous portion of the 

temporai bone. „ 

The semicanal for the Tensor lympam is the higher and the smaller of the 
two ; it is cylindrical and lies beneath the tegmen Qrmpani. It extends on 
to the labyrintliic wall of the tympanic cavity, and ends immediately above 
the fenestra vestibuli. 
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wards bdf^'^tHrsexw^ forming its lateral wall and floor ; It expands 
above the antexiot end the fenestra vestibuli, and tedninates there by enrt^g 
laterally so as to form a pulley over which the tendon of the muscle passes; 

The auditory tube (Eustachian tube) is the channel throi^h whieh the 
' tympanic cavity communicates with the .na^ part of the pharynx. Its 
length is about 36 mm., and its direction is downwards, forwards, and mediah 
wards, formiirg^ angle of about 45"^ with the sagittal plane and one of about 
30® with the honzontal plane. It is foriued partly of bone, partly of cartilage 
and fibrous tissue (fig. 903). 

' The osseous portion is about 12 mm. long. It begins in the carotid wall 
of the tympanic cavity, below the septum oanalis musculotabarii, and, 
gradually" narrowing, oiidja at the angle of junction of the squama and the 
petrous portion of the temporal bone, its extremity presenting a jagged margin 
which serves for the attachment of the cartilaginous portion. 

The cartilaginous portion, about 24 mm. long, is formed of a triangular 
plate of elastic fibrocartilage, the greater part of which is situated in the medial . 
wall of the tiibq. The apex of the fibrocartilage is attached by fibrous tissue 
to the circumference of the medial end of the osseous portion of the tube, while 
its base lies directly under the mucous membrane of the lateral wall of the 
nasal part of the pharynx, where it forms aii elevation, the t oriJis iu f^r ius^t 
cyfiltipVif behind the pharyngeal orifice of the tube. The upper edge of the 
cartilage is bent laterally so as to present on transverse section the appearance of 
a hook ; a groove or furrow is thus produced, which is open below and laterally, 
and this part of the canal is completed by fibrous membrane. The cartilage lies 
in ,a groove between the petrous part of the temporal and the great wing of 
Ibhe sphenoid ; this groove ends opposite the middle of the medial pterygoid 
lamina. The cartUaginous and bony portions of the tube are not in the same 
plane, the former inclining downwards a little more than the latter* The 
diameter of the tube is not uniform throughout, being greatest at the pharyngeal 
orifice, least at the junction of the bony and cartilaginous portions, and again 
increa^ towards the t;y'mpanic cavity ; the narrowest part of the tube is 
termed the isthmus, Tlie position and relations of the pharyngeal orifice 
arc described with the nt»sal part of the pharynx (p. 1076). The mucous 
membrane of the tube is continuous in front with that of the nasal part of 
the pharynx, and behind with that of the tympanic cavity ; . it is covered with 
ciliated epithelium and is thin in the osseous portion, w^hde in the cartilaginous 
portion it contains many mucous glands and near the pharyngeal orifice a 
considerable amount of adenoid tissue, named by Oerlach the t^e-tomih The 
tube is opened during deglutition I^ythe Salpingopharynj^eus anid IDilatator 
tubse. The latter arises from the lateral lamina of tha cartilage and from the 
membranous part of the tube, and blends below with the Tensor veli palatini, 
H. Blake way * is of opinion that contraction of the Tensor veU palatini is 
more likely to produce closure than opening of the tube. 

/ 

In the new-born child the auditory tube id about half as long aa that of the adult, lia 
direction is more horizontal %nd its osseous portion is relatively shorter. Its pharyngeal 
orifice is a narrow slit which is on a level with the palate, and is devoid of a torus tiibarius. 

Veasela and Nerves . — The arteries of the auditory tube are derived from idle ascending 
pharyngeal branch of the external carotid artery and from two* branches of the internal 
maxillary artery, viz. the middle meningeal artery ai^ the wtery of the pterygoid 
canal. The veins open into the pterygoid venous plexus. The neHes of the tube spring 
from the pharyngeal plexus and from the pharyngeal branclTof^he sphenbpalatlne 
ganglion. . ' 


Atoitohy Oftsicmns 


The tympanic cavity contains a chain of three movaMe osdcl^, tUe ^Beuis 

r* i-lk- J 


»nm, and slopes. The malleas is attached to tile tynuM^ mehi^he. tile 
stapw to the oiioamferAice d the fenestra refitibnli^ whuo .the inoasiB 
between the malleas and st«^ and cotmeoted to tiieih bjrdelioate. 





THE AtnorrOBY OSSIdLlto 

^ named frdra its fanoied resemblance to a hammer, 
m xrom 8 to 9 mm. long, and is the largest of the anditory ossicles. It consists 
<a a bead, f^k, and three processes, via. the manubrium, the anterior and 
lateral processes. « , 

The kead^the large upper end of the bone, is situated wthin the epitympanie 
recess ; it is ovoid in shape, and articulates posteriorly with the incus, being 



free in the rest of its extent. The facet for articulation with the incus is con- 
stricted near the middle, and consists of an upper larger, and lower smaller 
part, situated nearly at right angles to one another. Opposite the constriction 
the lower margin of the facet projects in the form of a process, the cog-toQth 
or of the maUeus. 

The" Tieck is the contracted part just beneath the head ; below the neck is 
an enlargement to which the various processes are attached. 

The manubrium mallei is connected by its lateral margin with the tympanic 
membrane" It is directed downwards, medialw^ards, and backwards ; it 
decreases in size towards its free end, which is curved slightly forwards and 
flattened transversely. Near the upper end of its medial surface is a slight 
projection, into 'vuhich the tendon of the Tensor tymi)ani is inserted. 

The arUerior process (processus gracilis) is a delicate spicule, directed forwards 
from the enlargement below the neck ; it is connected to the petrotympanic 
fissure by ligamentous fibres. In the foetus this is the longest process of the 
malleus, and is continuous in front with the cartilage of Meckel (p. 77). 

The lateral process (pipcessus brevis) is 

a slight conical projection, which springs Fig. 909. -T])e left incuf?. a. From 
from the root of the manubrium ; it is withio. b. From the front. 


directed laterally, and is attached to the 
upper part of the tympanic membrane 
and, by means of the anterior and 
posterior malleolar folds, to the extremi- 
ties of the notch of Kivinus. 

The incus (fig. 909) has received its 
name from ite supposed resemblance to 
an anvil, but its shape is more like that 
of a premolar tooth, witb^ two widely 
separated roots. It consists of a body 
and two crura. 



The body somewhat cubical but compressed transversely. On its anterior 
surface is a saddle-shaped facet, for articulation with the head of the malleus. 

The two crura diverge from one another nearly at right angles. 

The ahoH crus, somewhat conical in shape, projects backwards, and ia 
attached by^ijgamentous fibres to the fossa incudis, in the lower and posterior 
part of the epitympanie ^.eas. 

The rather niore, than half the length of the manubrium mallev 

. desoe^ behind and parallel to that process ; its lower end 

. bends and terminates in a rounded projection, the 
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pfeeene, the inner surface of which is covered with cartilage, and articulates 
with the head of the stapes. 

The stapes (fig. 010), so called from its resemblance to a stirru]), consists 
of, a head, neck, two crura, and a base. 

On the hea:d, which is directed lateralw.ards, is a depression for orticulatioh 

with the lenticular proems of the incus. 


Fig. 910. — A.JJic loft >tapc« m. Mcilial 
mrface oi fWl ' tho 


Ant n for //*//.' 
Posf( ) tor crux • 



On the neck or constricted jmrt suc- 
ceeding the head, the tendon of the 
Stapedius muscle is inserted. 

The cmra diverge from the neck 
and are connected at their ends by a 
ilattencd oval plate, the base, which 
forms the footplate of the stirrup and 
is fixexl to the margin of the fenestra 
vostibuli by a ring of ligamentous fibres. 
The anterior crus is shorter and less 


curved than the posterior. 

Articulations of the auditory ossicles. — ^Tlio incucjoinalleolar joint is 
ii sadille-shapcd diarOirosia ; it is surrounded by an articular capsule, and 
the jointz-cavity is incoinpletely divided into two by a wedge-shaped articular 
disc or meniscus. The incud ostapedial joint is an enarthrosis, surrounded 
by an articular capsule ; some observers have described an articular disc or 
meniscus in this joint ; others regard the joint as a syndesmosis. 

Liga naents of tM ossicles.— The ossicles are connected* to the walls of 
the tyjnpani(! cavity by ligaments ; three for the iT'allcus, and one each for the 
incus [ind stapes. 

The anterior lujamcnt of I he rnaJleus is attached by one end to the neck of the 
malleus, just above the anterior process, and by the otlun* to the anterior wall of 
the tympanic cavity, close to the petrotymx)aiiie fissure, some of its fibres being 
prolonged through the fissure, to roach the spina angularis of the sphenoid. 

The Uiicral ligament of the malleus is a triangular band pissing from the 
posterior part of the notch of Rivinus to the head of the malleus. Helmholtz 
described the anterior ligaiaonb and the posterior part of the lateral ligament 
as forming together the ^ a xis litra inont ’ around which the malleus rotates. 

Tlie sujjerior ligament^ e mallevs connects the head of the malleus to the 
roof of the opitympanic recess. * 

The posterior ligament of the incus connects the end of the short crus of the 
incus to the fossa inrudis. 

A superior ligament of the incus has been described, but it is little more than 
a fold of mucous membrene. 

The ve^jtibular surface and the circumference of tne base of the stax)es are 
covered with hyaline cartilage ; fhat encircling the l>ase is attached to the 
margin of tho JFenestra lestibuli by a ring of elastic fibres, the ligamenium 
annulare basem slapertis. 


Moveninih oj the andilonj ossicles, — Tlio mallei follows all the move- 

iiumts of the iii»'ini)rane, while the malleus aiul ineuS rotate together around an 

axis which runs through tho short process of the incus and the anterior ligament of the 
malleus. When the, iyinpaiiio membrane ami iiiamibriun) mallei are pronclled inwards 
the long process of the incus also moves iu the same direction and pushes the. base of the 
stapes towards the labyrinth. Tliis motion is communicated to tho fluid (perilymph) 
contained within the labyrinth and the movement of tho pei-ilymph canses aji out\vard 
bulging of the secondary" tympanic membrane which closes the fenestra cochle®. The 
co)i(litioita are rt‘.Yer.<sc<l \vlien the tympanic membrane moves in a lateral direction, but 
if this movemont of the mi*mbrane be exaggerated the incus does not follow the full 
outward (excursion of the malleus, but merely glides on this bone at the incudomalleolar 
joint, and thus the danger of pulling the foot of tho stapes out of the fenestra vestibuU is 
prevented. When tho manubrium mallei is carried inwards the oog-tooth or spur on the 
lower margin of tho head of the malleus locks the incudomalleolar joint, and this necessi- 
tates an inward movement of tho long process of the incus; the.. joint is unlocked when 
the manubrium mallei is carried outwards. ^ 


The muscles of the tympanic cavity ai-e tho Tensor tympani and 

Stapedius. . , . , • i t. 

' ^Ebe Tensor tympaniy the larger, is contained in the bony canal aboye the 
osseous portion of the auditory tube, from which it is separated by the eeptuin 
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THE TYMPANIC CAVITY 

cartaliB museulotubarii. It arises from the cartilaginous portion of the auditory 
tube and the adjoining part of the great wing of the sphenoid, as well* as from 
the osseous canal in which it is contained. Passing backwards through the 
canal, it ends in a slender tendon which enters the tymi)anic cavity, makes a 
sharp bend round the pulley-like posterior end of the septinTu, and is inserted 
into the manubrium mallei, near its root. It is supplied by a branch of the 
mandibular nerve through the otic ganglion. 

The Stapedius arises from the wall of a conical cavity hollowvd out of the 
interior of the pyramidal eminence ; its tendon emerges from the oriti<‘0 at 
the apex of the eininence, and, passing forwards, is inserted into the posterior 
surface of the neck of the stapes. It is supplied by a branch of the facial nerve. 

Actions , — ^The Tensor tympani draws the manubrium mallei and the tym- 
panic membrane medialwards, and thus increases the tension of the membrane. 
The Stapedius pulls back the head of the stapes, axid thus causes the base of 
the bone to rotate on a vertical axis drawn through its own centre ; the posterior 
part ()f the base is pressed inwards towards the vestibule, while the anterior part 
is withdrawn from it. By the action of the muscle the tension of the tlnid 
within the internal ear is probably increased. 

The mucous membrane of the t3rmpanic cavity is continuous with that 
of the phar^mx, through the auditory tube. It iiivf'sts the auditory ossicles, 
and the im\scles and nerve^s contained in the tympanic cavity ; forms the 
medial layer of the tympanic membrane, and the lateriil layer of the secondary 
tympanic membrane, and lines the tympanic antrum and mastend cells. It 
forms several vascular folds, which extend from the wallb of the tyrn panic cavity 
to the ossicles ; of these, one descends from the roof of the cavity to the head 
of the malleus and upper margin of the body of the incus, a second invests 
the Stapedius mu.sclo ; other folds invest the chorda tympani nerve and the 
Tensor tympani musclo. These folds separate off pouch-like cavities, and give 
the inte^rior of the tympanum a somewhat Ironeycomhed ajipearance. One 
of these ]J0uches, the pouch of Prussak, is well marked and lies between the 
neck of the malleus and the membrana flaccida. l\vo other jeeesst's may 
be mentioned : they are formed by the mucous mombrauo which envelops 
the chorda tympani nerve, and are situated, one in front of, and the other 
behind, the manubrium of the malleus ; tliey are named the anterior and 
posterior recesses of TrbUsch, In the tympanic cavity ihe mucous membrane 
is pale, thin, slightly vascular, and covered for the most part with columnar 
ciliated epithelium, but over the pyramidal eminence, ossicles, and tym])anic 
membrane it possesses a liattcnecl non-ciliatcrl e])ithcliuni. Fn the tympanic 
antrum and mastoid colls its epithelium is also non -ciliated. 


Vessels nnd Norres. — I'lio artcrirn nio six in number. Two of tliem are larger than 
tbe others, viz. the t\ijipanic branch of the internal ina\illar\ ju ti'ry, whicJi sin>plios tlio 
tympanic nieinbrano; and the fttyluiniistoid braueh of the posterior anrieular artery, 
which is distribiitocl to the postorU»r part of the t\inpiniie cavity ainl mastoid cells. The 
smaller art-pries arc — the petrosal branch <if the middle ?nc]ijn‘:eal artery, wliich (‘liters 
through the hiatus of the facial canal; a branch from tbe ascu'iulin;' pliar^n^^ea] artery, 
and another from the artery of the pterygoid canal, which ae.eoinpany tbo auditory tub**; 
*and the tympanic branch from the internal carotid artery, given off in the carotid canal 
and perforating the thin anterior wall of the ♦yiiipuni**. cavity. The cruis ti*rijnnati' in 
tbe pterygoid venous plexus and in the suiicrior petrosal sinus. The nerves constitute tlie 
t^JCUP(i3niifi. plexus, wliich ramifios u])on the surface of tin*, promontory. Tbe pjexiiA is 
formed by (1) the tympanic branch of the glossopliMryng**!!! utvve; i'2) tbe i-arotico- 
tymponic nerves; (3) the smaller superficial petrosal nerve: and (-1) u bvav.eb wbich 
joins the greater superficial iietrosal nerve. 

The tympanic branch of the glossopharyngeal (Jacobson’s n(*rve) enters tbe tympanic 
cavity by the inferior tympanic canaliculus, and divides into branches which ramify on 
the promontory ^and enter into the formation of the*, tympanic plexus. The. superior and 
inferior caroti'eoiympanic nerves^ from the carotid plexus of the sympathetic, pass through 
the wall of the carotid canal , and join the filaments of the tympanic brancdi of the glosso- 
pharyngeal* The branch to the greater superficial petrosal passc.s through an opening on 
the labyrinthio wall, in front of the fenestra vestibuli. The. smaller superficial petrosdl 
nerve f from the otic ganglion, passes backwards through a foramen in the iniddh- fossa of 
the base of the skull (soraetinios through the foramen ovale), and enters the anterior 
surface of the petrous part of the temporar bone through a small aperture, situatc<I laterally 
to the hiatus of the facial canal; it courses dow'nwards through the bone, past the 
genicular ganglion of the facial nerve, receiving a connecting filament from it, and enters 
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the tympanic cavity, where it communicates with ^ tympanic biraii9h^<>£ 
pharyngeal, and assists iH forming the tympfoalp plexus* ' ; >‘f ' • * 

Tho branches of diatribuUon of the tympanlfe plexus are supplied, to muejoUg m^timr' 
brane of the tympanic cavity; a branen passes to the fenestra? vestibU^ anotbsr to 
fenestra cochle®, and a third to the auditory tube.* The smaller su^rfioial petodsaiL 
nerve may be looked upon as tho continuation of the tympanic branch of the glosecK 
pharyngeal nerve through the tympanic plexus to the otic ganglion. 

In addition to the tympanic plexus there are the nerves supplying the muscles. Tho 
Tensor tympair^ds supplied by a branch from the mandibular nerve through the otic ^ 
ganglion, and thewfapedius by a branch from the facial nerve. - 

Tim chorda tympani nerve crosses the tympanic cavity. It is given off from the 
sensbry'^rrofthD facial nerve, about 6 mm. before that nerve emerges from the stylo- 
mastoid foramen. It runs upwards and forwards in a canal, and enters the tympeiuio 
cavity through the itor chorda} posierius, and becomes invested^with mucous membr^e* 

It traverses the tympanic cavity, crossing medially to the tympcmic membrane and over 
tho upper part of the manubrium of tho malleus to thb carotid wall, where it emerges 
through the iter chorJcB anierius, or canal of Huguier, 

Applied Anaiofky, — Fractures of tlie middle fossa of the base of the skull almost 
invariably involve the tympanic roof, and are accompanied by a rtipture of the tympanic 
nioinbrane or fracture through the roof of the bony nieatus. They are associated, with 
profuse continued bleeding from the ear, and, if tho dura has also been lacerated, with 
discharge of copious amounts of ccrebrospinid fluid. Here the avoidance of infection' 
from the outside is of the utmost importance, as should it occur septic meningitis must 
inevitably follow with a fatal issue. 

The tympanic cavity is very frequently the seat of digoase, both suppurative and non- 
suppurative, and in practically every case the inflammation spreads upwards from the 
nose or throat along the ^ditory tube. Acute inflammatory troubles spreading up to 
tho tympanic cavity are usually associated with so mucli inflammatory swelling of the 
inucoUs membrane of tho auditory tube as to occlude it, at I thus the products of inflam- 
mation are pent up in the tympanic cavity and directly involve the tvmpanic antrum. 
Under such circumstancos the only means of escape for the products is by rupture of the 
tympanic membrane which usually occurs spontaneously and is followed by a free 
discharge of pus, with relief to tho acuto pain which exists in this conditibn. Should tho 
swelling of the walls of the auditory tube thenriSubside, the normal drainage of the cavity 
will bo established and the perforation in the drum will heal, but if not— as is often the 
case because tho opening of the tube may be occluded by adenoid growths in tho naso- 
pharynx or other cause. — tlio pus will continue to accumulate in the middle car and will 
overflow through the perforation as a chronic otorrheea. In the course of time tho 
disease spreads beyond the mucous nurmbrane to tlie walls of the tympanic cavity, to the 
ossicles, or to the mastoid process and when this- has occuvred the (vmdition is incurable 
except by tho removal of the carious bone. Furtlier, severe intracranial complications 
are at this time often produced owing to purulent material being retained; thus an 
abscess may form between the bone and durr mater, (a) about the roof of the tympanic 
cavity, aud^immediatcly b uieuth thvi iura covering the temporal lobe, or (b) between the 
deep aspect of the mastoid process and the sigmoid bend of the transverse sinus, possibly 
extending widely and surrounding tho sinus. In this latter type of case thrombosis of the 
transverse sinus readily occurs, and the clot being also infected tends to disintepate and 
be (tarried into the general circulation, particles becoming lodged in the capillaries of the 
lungs and setting up abscesses therein. Pyaemia from transverse sinus , thrombosis is 
more common than from any other focus of origin. In addition, bone disease of the 
tympanic cavity or antrum may be associated with severe and fatal septic meningitis, or 
witli the formation of abscess in the brain, the most common sites being tho temporal lobe 
and tho hemisphere of the cerebellum. 

Less serious, but more common, is the formatioh of a subperiosteal mastoid abscess 
with great swelling beliind the ear, and protrusion outwards of the auricula; such a 
condition demand.^ an early incision through all the structures, including the peri- 
ostcum, over the whole length of the mastoid process, and then it will frequenuy h© found 
that the underlying bone is carious or that a track leads through the bone into the 
tympanic antruin. In such conditions extensive operations for the rennoval 6f bone are; 
often required. In many cases of chronic bone disease in the tympanic cavity^ i^e facial 
nerve becomes exposed as it lies in its canal, and an inflammatory process set up in 
the nerve, leading to facial paralysis of the infranuclear type (p. 871). Hi b^er cases, 
localised areas of bone disease, most often in the region of tho epitympardc recbss.i form^ 
tho points from which aural polypi grow, and the oar polypus, like wa, nasal, 
must be considered to have originated in a spot of carious bone, the removal Cf 
‘necessary if a euro is to be established. ^ 

. Of the non-suppurati ve conditions which affect the middle ear , ebroz^ic catottb, leading 
to sclerosis of the whole of the tympanic, contents, is again due to spread hf'in^mzhaiion 
from some nasal or phap^ngeal condition. 'The progress is very slow,, but leads: Ito i^ver^ 
iucreasing deafness—this deaf ness in Uie first instance in no w^^snccM 
defect in the acoustic nerve, and this can be shown by the fac|jthal’™ heawM 
conduction, over the tnast^ process remams nortpal* 1^ 
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‘ be j^iteiaUy diitected towards placing the nose aiitd pharynx in a 

neaitby ocmoiti^; ^hon this has been act^plished, the aUral condition often improves 
oi Itself; if x^t, mprov^ment may bo iii^uoed by forcing air up the auditory tiime^by 
of th^ P^itzer b^, or directly into the ovnce of the tube by means of a catheter. 


means of 


Iktsrnal Ear, or Labyrinth "" 

internal ear is the essential part of the organ of hearing, receiving 
the mtime^te distiibution of the auditory nerve, ft is called the labyrinth, 
complexity of its shape, and consists of two parts : the osseous laby- 
a ^ries of cavities within the petrous part of the temporal bone, and 
the memdmnous labyrinth, a series of communicating membranous sacs and 
ducts, contained withhi the bony cavities. 


The Osseous Labyrinth (figs. 911, 912^ 

The osseous labyrinth consists of three parts : the i>estibule, semicircular 
carmh, and cochlea. ITiese are cavities hollowed out of the substance of the 


Fig. 911. — The right osseous labyrinth. Lateral view. 



bone, and Jined by periosteum; they contain a clear fiuid, the perilymph, 
in which the membranous labyrinth is placed. 

T^e vestibule is the central part of the osseous labjTinth, and is situated 
medially to the tympanic cavity, beliind the coclilea, and in front of the semi- 
circular canals. It is somewhat ovoid in shape, but flattened transverselv ; it 
measures about 5 mm. from before backvv^ards, the same from above down- 
wartk, tod about 3 mm. across. In its lateral or lymjHinic imll is the fenestra 
yestibuli, ^loaedu JuLth^'. ..3tato_b.y the .base of the stapes and . its annular. 

At the front part of the medial loall is a small circular depression, 
which is perforated at its anterior and inferior part by 
sev^al ntoute holes { 7nf icu l a^.,cribKQsa. .media) for the passage i)f filaments of 
' the toodg to to the saccule. Behind this recess is an oblique riclge, the 

antmor end of which is named the pyramid of t/te vestibuk ; 
this noge ^vides below to enclose a small depression,^ the 
, Prorated by a number of holes for the passage of filaments of ^he 

At the hinder 

1^ 01 the mecwl wall the orifice of the wj^^ud'us V00jipli. This aqueduct 
the ppeterior surface of the petrous portion of the temporal bone ; 
it tiRnemita a 1 ^ vein, tod contains a tiibular prolongation of the membranous 
labyrinth, the , On the ujyper uhM or roof m a trans- 

. jyersely ^li|^ical d^essi^n,^e separated anteriorly from 

\ toe mrista vestibiui ah^dy mentioned. The pyramid 

opticus are pei^^ated by a number of > 
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holes (mc^uta c^ibro^ su^riar ) ; the holes in the pyramid transmit the 
to the.uj^j^olQ, those" in the reces&us ellipticus the nerves .to 
of 'ihe su]^erijQir.^ja{M}. semicircular d\icts. Behind are the 6rm<^ of 

the semicircuiar canals. In front is an elliptical opening which coihniianioaties 
with the scala vestibuU of the cochlea. 

The bony semicircular canals are three in number, superior, posterior, 
and lateral, and are situated above and behind the vestibule, are 

compre8sed.|rom side to side, and each describes the greater part of a circle. 
They are unequal in length, but each measures about 0*8 mm. in diameter 
and presents a dilatation at one end, called the ampulla, the diameter of which 
is more than twice that of the canal. They open into the vestibule by five 
orifices, one of the apertures being common to two of the canals. 

The superior semicircular caruil, 15jyij20.mm. in length, is vertical in direction, 
and is placed transversely to the long axis of the petrous portion of the temporal 
bone, on the anterior surface of which its arch forms a round projection. It 
describes about two-thirds of a circle. Its, lateral extremity is ampullated, 


Ftg. 91*2. — The interior of the right osseous labyrinth. 


Opening of erve commune 


Reeeeau* ellipticua 
CriHa veatihuli 
Beceaaua apharieua 



Orifice of aquoeduetua veatibuU 

Fossa cochlearis ' 
Fenestra cochlea 


Orifice nf nqufe-dnetua cochlece 


and opens into the upper part of the vestibule ; the opposite end joins with 
the upper end of the posterior canal to form the crus commune, which opens 
into the upper and medial part of the vestibule. 

The posterior semicircular canal, also vertical, is directed backwards, nearly 
parallel to the posterior surface of the petrous bone ; it is from l 8.4 »P 6hr^ta.. 

mm.« long ; its lower or ampullated end opens into the lower and posterior 
part of the vestibule, where are seen several small holes [macula cribrosa inferior) 
for the transmission of the nerves to this ampulla. Its upper end opens into 
the crus commune already mentioned. 

The lateral or horizontal canal is from mm* long, and its arch 

is directed horizontally backwards and lateralwards. The ampullated end 
of this canal corresponds to the upper and lateral angle of the vestibule, just 
above the fenestra vestibuli, where it ope^s close to the ampullated end 'of the 
superior canal ; its opposite end opens at the upper and posterior part of the 
vestibide, below the opening of the cnis commune. 

The lateral semicircular, canal of one ear is very nearl 3 r in the same p&ne 
as that 6f the other ; while the superior canal of one ear is nearly parallel to. 
the posterior canal of the other ; thus each semicircular canal stemos at right 
angles to the other two. 

Hie cochlea (figs. 912, 013) bears a resemblance to the shell of the common 
snail ; it forms the anterior part of the labyrinth, is cemioal in iOTin» and placed 
in front of the vestibule ; it measures about 5 base to ane x. and 
its breadth across the base is about 9 , mm. Its apex (cupma) directed 
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forwards atid latoralwards, with a slight inclination downwards, towards the 
tipper and front part of the labyrinthio wall of the tympanic cavity ; its base 
corresponds, with the bottom of the internal acoustic meatus, and is perforated 
by numeroos apertures for the passage of the cochlear nerve. The cochlea * 
eonsLsts of a conical-shaped central axis, the modiolus ; of a canal, wound 
spirally around the central axis for two turns and three-quarters ; and of 
a delicate lamina, the osseous spimLlamim, which projects from the modiolus 
into the canal, and partially subdivides it. In the recent state the subdivision 
of the canal is completed by the which stretches from the 

free border of the bony lamina to the outer wall of the bony cochlea ; the two 
passages into which the cochlear canal is thus divided communicate with eacih 
other at the apex of the modiolus by a small opening, named the helicoirema. 


Flo. 913. — The cochles and vestibule, viewed from above. (Testut.) 



All the hard parts which form the root of the internal car have boon removed with the saw. 

A. Cochlea. B. Vestibule, c, internal acoustic meatus, u. Tympanic cavity. 1. Section of promon- 
tory. 3. Fissura vestibuli. 3. ftecessus sph;erioU8. 4. Ilocessus elllpticun. 5. Fossa cochlearls. 

A. Orifice of the aquscductus vestibuli. 7. Inferior opeuliiK of the posterior semicircular canal. 8. Non- 
ampullated «nd of lateral semicircular canal. 9. Scala tynipanl of the cochlea. 10. Scala vestlbuU. 

11. Cupula. 13. Lamina spiralis osaea, with 12', Its vestibular orltdn * 12*', its external border, 
la. Hellootiema. 14. Bony wall of cochlea. 

The mcfdiolus i.4 the conical central axis or pillar of the cot'hlea. Its base 
is broad, and appears at the bottom of the internal acoustic meatus, where it 
corresponds with the tract us spiralis foraminosns which is pertorated by numerous 
orifices, for the transmission of the branches of the cochlear nerve ; the nerves 
for the first turn and a half of the cochlea pass through the foramina of the 
traotus spiralis foraminosus ; those for the apical turn, through the foramen 
oentrale. The canals of the tractus spiralis foraminosus pass up through the 
modiolus and successively bend outwards to reach the attached margin of the 
lamma spiralis oasea. Here they become enlarged, and by their apposition 
form .the modiolus, which follows the course of the attached 

margfh of the osseous spiral lamina and lodges the spiral ganglion (ganglion, ot 
Ccm). The foramen centrale is continued into a canal which runs up the 
middle of the modiolus to its apex. The modiolus diminishes rapidly in aiae 
in the second and succeeding coil. 

The bon y canal of the ciy.hljB^ takes two turns and three-quarters round the 
modiolus. It is about SO fa iL^miangth. and diminishes gradually in diameter 
from the base to the sunimit, where it terminates in the which forms the 

*Xn the deeoriptiOQ whioh foUowB the cochlea is supposed to he resting on tta bese. 
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apex of the cochlea, beginning of this is about 3 Tctm. in dStoaieier ; 
it diverges froin the ihbdidus towards the tym^ahio cavity an^d teStiboi^ 
presents three openiBjra. One, the fenestra eocHim^ coipmunicate#. W 
tympanic c&Vitji^ 'ahd ih the recent state is clo^ bv the 
membrane] another, of an elliptical form, opens into the vestibnfe. ,3^* 
third is the aperture 6f the aqueductus cochless, leading to a minute fOnhel- 
shaped canal which opens on the inferiOT- surface of the petrous part; of ,tha 
temporal bon^ and transmits a small vdn, and also forms a communication ' 
between the miarachnoid cavity and the soala tympani. 

The ossexms spiral lamina is a bony shelf or ledge' which win(dh round and 
projects from the modiolus into the interior of, the canal, like the thread <rf 
a screw. It reaches about halfway across the canal, and incompletely divides 
it into two passages or scalae : an upper, named the scala vestibuli, ana a loweTr 
the scala tympani. Near the summit erf the cochlea the osseous spiral lamipa 
ends in a hook-shaped process, the hamulus lamince spiralis] this assists in 
forming the boundary of a small opening, the helicotrema^ through which the 
two scalaei communicate with each other. From the spiral canal of the modiolus 
numerous canals pass outwards through the osseous spiral lamina as far as 
its free edge and transmit branches of the cochlear nerve. In the lower part 
of the first turn of the cochlea a secondary spiral lamina projects inwards from 
the outer wall of the bony tube ; it does not, however, reach the osseous spiral 
lamina, so that if t^e laminas be viewed from the vestibule a narrow fissure, the 
fismra vestibuU, is seen between them. ^ 

The osseous lalyyrimth is lined by a thin fibrosorous membrane which is 
closely adherent to the bone ; the free surface oi the membrane is smooth 
and pale, covered vith a layer of epithelium, and s^.crotes a thin, limpid fluid,, 
the perilymph. A tubular process of this membrane is prolonged through the 
aqueduot\is vestibuli to. the inner surface of the dura mater. 


The IVtEMBRANOus Labyrinth (figs. 914, 916, 91C) 

The membranous labyrinth is lo^ed within the bony labyrinth ; it is 
filled with fluid named endolymjiik^ and in its walls the branches of the acoustic 

Flo. 914.— The menibraiu»ns labmnt^b, (SchoDiatic.) (Enlarged.) 



nerve are distributed. It consists of : ((a^) two pmall sacs, the 

Ipdg^ in the vestibule ; (6) tHree semiciri^lar ducts, enclo^d ^within .t&e 

seihicircular canals ; and (c) the ductus cochlearisj contaijeod Vdthin tbp boDy 

cochlea. The various pi^s of the njmbranjous laby]^th..c.i^miitiioiite 

one anbth^; the semicircular duote bpep inte tb^ ufrierfe; t1^ utrjete 

saccule through the ductus mdolymphatdous, and tfate^ teooMe 

copWearis through - ^ ^ 
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' > 't-i . 

Uie xi|Qmbi^i)i^:l^y]^ feed iat ce^rtain p<»ntR to the dl the 
J»oiiy labjTvi^tbt Imi V 8 epax^ed .bE*bm<thW graet^ ol the bony labyrintli 
by. a pdruynaphatic wlo^h e^ntaife a feid named p^ilfftnpk. Tbe ]^- 
J^phatie apace of the. vdstibnle communicatee behind with that of the cenu- 
eirculai: canals, and opens anteriorly into the scala veetibuH of the coohlea^ 
which in turn opens into the scal^ tympani through the helicotrema, at the 
apex of the eochlea. The scala tympani is separated from the tympanic cavity 
by the secondary tympanic memlirane, but is continuous with the subarachnoid 
■cavity through the aqueductus cochlese. 

.The utricle, the larger of the two vestibular sacs, is i^^c^gu]a^ly oblong, in 
shape, comprised transvers^y, and occupies the upper and posterior part 
of the vestibule, lying in contact with the recessus ellipticus and the part below 
itv That portion whmh is lodged in tho recessus ellipticus forms a sort of pouch 


^’iG, 915. — ^The right meinbrmious kbyrintli of a tifth-rnonth hnnian embryo# xlO. 
Anterokteral aspect. (G. Rciziua.) 



VettHhular fvd »/ ctwhlcar dm-t. ramlis rtnuum 


or cul-de-sac ; the floor and anterior wall of this arc thickened, and form tho 
acmtiea niricvli, which receives the utricular lilamcmts of the acoustic 
nerve." The cavity of the utricle communicates behind with the semicircular 
ducts by five orifices. From its ant(?romedia,l part a fine canal, the ducMis 
vtrimloecuu^ularis, is given off, and opens into the ductus endolyrnphaticus. 

The SKCUle is glcdbular in form, and lies in the recessus sphffiHcus near 
the openj^j^ of the scala vestibuli of the cochle»a. Its anterior part, exhibits 
an oval thickening, the acudica mccuU (fig. 918), to Avhioh are distributed 

t^e saccidar filaments of tho acoustfe Inerve. Its cavity does not directly 
icommunicate with that of the utricle. From its posterior part a canal, the 
is given off ; this duct is joined by the ductus utricido- 
passes along the aquasductus vestibuli and ends in a blind 

’ \ aiLJ j a . xi.- 




jjwtMUB fN^oa of tUe tenipoFsj: bone. !Froni the lower part of tho aaccidte 
» the eafiaUa rewmm of Henaen, pas^ downwards and cifiens 

ilnio tlxe dnotaB'<;o^eKrlB*|ietu(^itfl veBtibulBir extremity {%. in4). 

33iifr du^ <%»* ^915. 919). are about onc-fom# of ^ 

. tho baiu^, bat ifi niimbet. i^tape, aid gfoeifri. 

. are siib^., (|ud .eaph..fKres«itB at one ei^ aa 
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The^ open by five orifices into the utricle, one opening bei^ common to the 
memal end of the superior and the upper end of the postmor duet. In each 
of the ampullse'the Widll is thickened, and projects into the cavity as a 
transverse elevation shaped somewhat likethe jigmo and named the septum 
trarbsversum ; the most prominent part ot “tKis septum is termed the crista 
ampuUaris in which the nerves end. ^ \ 

The utricle, saccule, and semicircular ducts are held in position by niuneroua 
fibrous ban^s^which stretch across the perilymphatic space to the bony walls. 


Fig. 916. — The right membranous labyrinth of a fifth-month human embryo. xlO. 
Posteromedial aspect. ^ (G. Betzius.) 



CawillH reuniens 


Structure (fig. 917). — Tlie walls oi t?’e utricle, saccule, and semicircular ducts 
consist of three layers. The outer layer is composed of ordinary fibrous tissue 
containing bfood-vcssels and some pigment-cclls. The middle Layer, thicker and 
more transparent, is named the lanica propria^ and presents on its internal surface, 
especially in the semicircular ducts, numerous papilliform projections, which on 
the addition of acetic acid, exhibit an appearance of longitudinal fibrillation. The 
inner layer is formed of polygonal nucleated epithelial cells. In the maculse of 
the utricle and saccule (fig. 918), and in the cristie ampullares of the semicircular 
ducts, the middle coat is thickened and the epithelium is columnar, and consists 
of supporting ceUs and hair-cells. Th<? supporting cells are fusiform, and their 
deep ends are attached to the membrana: propria, while their free extremities are 
united to form a thin cuticle. The hair-cells are flask-shaped, and their deep, 
rounded ends do not reach the membrana propria, but lie between the supporting 
cells, deep part of each hair-cell contains a large nucleus, while its 'more 
superficial part is granular and pigmented. The free end of the cell is surmounted 
by a long, tapering, hair-like filament, which projects into the cavity. The filaments 
of the vestibular nerve, having pierced the tunica propria, lose tfieir medullary 
sheaths, and their axis-cylinders split up into fine fibrils which end between the 
hair-cells. 

Two small rounded bodies termed consisting of crystals of carlmute 

of .lime, are suspended in the endolympH in contact with the free ends of ike ta^ 
projecting from the maculae. 

The ductus cochlearis or scala media consists of a spirally arraniged tube 
enclosed in the bony canal of the coohl<^ and lying along its Outer wall. 
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THE DUCTUS COCHLEARIS 

As alr^y stated (p. 996) the osseous spiral lamina extends only pi^ 
of the distance between the modiolus and the outer wall of the cochlea, while 
the boMlar membrane stretches from the free edge of the lamina to the outer 
wall of the cochlea, and completes the roof of the scala tympani. A second 


Fig. 917. — A traus verse section of a human semicircular canal and duct 
(after BUdinger) . (Tostut . ) 



t 


1. Semicircular canal. Perio.'^lcuia. :i. Scmicircuiiir with 4, papiilit'omi processes on 
Its internal surface. 5. Connective tissue bi?idliig the duct lo the t)eriost«iiin. 0, 6. Fibnms bands 
uniting the free surface of the duct to the periosteum. 7. VesKein. 8. Endolymphatic space. 0, 9. 
Perilymphatic space. 

and more delicate membrane, the v^ibnlar mmbvane (Ueissmri) extends 
from the thickened periosteum covering the osseous spiral lamina to the outer 
wall of the cochlea, where it is attached at some littltj distance above the outer 
edge of the basilar membrane. A canal is thus shut oir between the scala 
tympani below and the scala vestibuli above ; this is the ductue coQhhQ>fis 
or scaJa media (figs. 919, 920). It is triangular on transverse section, fets roof 

Fig. 910, — A transverse section of the macula aciisticn sacenJi. (Betzius.) 


Hair-ciUa 



Ifervc\iUameni$ 


formed by the ve^ibidar membrane, its outer wall by the periosteum • 
bning the bony csanal, and ite floor by the membrana basilaris and the outer 
part the Uunina siHralis ossea^ Its extremities are olosed ; the upper, termed 
the nttaoned to the cupula cocbles and partly botmds the beliootrema ; 



IGOO ORGANS OP SENSES AND COSOfi&N iNTEGUMESIT V 

.,the lower ie lodged in j^he receesus cochleariB of ihe Y^stibfule. NeaJj the lower; 
eictremity ductus edcblearigf communicates with the saccule by the ha^w, 
short canalis rmniew of Hensen (fig. 914). (te the memtoana basflam.^^ 
situated the spiral organ of Corti. -The vestibular membrane is thin and j 

Fio. 910. — A diagrammatic longitudinal section of the cochlea. 



homogeneous, and 'a covered on its upper and under surfaces by a layer of 
flattened epithelium. The periosteum forming the outer waU of the ductus 
cochlearis is greatly thickened knd altered in character. It p»‘Oiects inwards 
inferiorly as a triangular prominence, the to which the outer 

edge of the basilar membA’ane is fixed ; iminediately above this is a concavity, 


Fig. 920. — A transverse seetica acims chi. tnidcile coil of the dactus cochlearis. 
* (Botzins.) 


Vestibular membrane. 


Osseom uptml 
lamina 



Ooohlea/r nerves 
Sulcus spiralis intemws 

. Memhrana tectoria 


'Stria vascularis 

■ 

Sulcus spiralis 
sxUmus 

Crista hasila/ris 
Basilar mamhfarts . 


Spiral ordan 


the sulcsiA above which the periosteum citnitaim nhmeixms 

blood-vessels, and is termed tho ^ ' f ? ' 

The Osseous spiral laprina cb^lsts two plates b^; a^ 
these are the canaiJs fen: the transmisaioh pif the tW 

On the upper {date of that part of the is 




diictuA odphli^ariis th« pcdoRtetim is .thickened to form the 
921) ; this ends externally in a eonoayity, the 
which represents, 911 section, the form of the letter C ; the upi^v i 
part, formed by the overhanging edge 'of the limbus, is named the v&s^matl 
Up ; the lower part, prolonged and tapering, is oall^ the tfimpanic Kp,. and 
IS prorated by numerous foramina for the passage of the branches of the 
cochlear nerve. The upper surface of the vestibular lip is intersected at right 
angles by a number of furrows, between which are numerous elevations ; these 
present the appearance of teeth on the free surface and mar^n of the lip, and 
were named by Huschke the avdit^ (fig. 921). The Rmbus is covered 
by a layer of what appears to be" squamous epithelium, but only the cells 
covering the teeth are flgti99^» those in the fiirrow.H being (lohiinnar, and 


Fio. 021. — The limbus lamlnre spiralis and the meinbraiia basilaris. (Schematic.) 

(Testut.) 



1 , 1'. Upper and lower lamellan of the. l.'iiuina Hpirallit (Msea. ' 1 . Llnibiit* laminin Hplralii», with a, the 
auditory teeth of tho flrflt row ; b, b\ the teeth of the other rows ; r, c\ tlie Ktoovee tietween the 
auditory tnet-h and tlio ctdis which are loiiaed in them, Sulcus Hpirulis Internub, with JV, its labiuTU 
vcatlbularo. and 3", its labium iympanlcmn. 4. Foramina nervosa, passage to the nerves from 

the spiral ganglion of Corti. 5. Vas spirale. b. Zona arcuata, and O', /.one peetinata of the Itasilar 
membrane, with a, its hyaline layer, its connertlve tissue layer, 7. Siininut of tlie tunnel of tJorti, 
with 7', its Inner rod, and 7", it,H outer rod. ft. Bases of tli»5 inner rods, from wiiich the ceils are 
removed. 0. Bases of the outer rods. 10. Fart of the \eHtibular membrane. 


occupying the intervals between the elevations. This layer of epithelium is 
oontintious on the one hand with that linixig the sulcus spiralis internus, and on 
the other with that covering the under surface of the vestibular membrane. " 
Basilar membrane. — The basilar membrane stretches from the tympanic 
lip of the osseous spiral lamina to the basilar crest. Its wulth increases from 
0*2i^mw-.ip tiun to 0*36 n]fm. in the apical turn of the cochlea. Its 

inner part is thin, and is named the ionaMremta ; it supports the spinil organ 
of Corti ; the outer part is thicker and striated, and is termed the zona 
The? under surface of the membrane is covered by a layer of vascular connective 
tissue ; one of the vessels in this tissue is somewhat larger than the rest, and 
is nXmed the im spir^Jk ; it lies bejLciW*Corti’.S, tnoaeb 

The sjpiral ^rg^aii of Corti (figs. 920, 922) is’ composed of a series of 
, structures placed upon the inner part of the basilar membrane, 

mere eehtral of these structures are two rows of rod-like bodies, the inasr 

The bases of the rods are supported on 
membra^ of the inner row at some distance from those of 


th9 oUt^'; the rows indine .towards each other and, coming into eoptact 
a^ove, eimloso be^weeu^the^ and the basilar membrane the 

On ifad inner-side.4^ihuiim6i:i^ 

' the the outer rods thiJee or lour /tow. ^ 

together with certate s appjj^di^^ 
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of Heniu^n. The free ends of the outer hair-cells occupy a series of apertures 
in a het-like membrane, the reticnilar membrane, and the entire organ is covered 
by the tectorial u^embrane. 

Rods of Corii , — ^Each of these consists of a base or foot-plate, an elongated 
part or body, and an upper end or head ; the body of each rod is finely striated, 
but in the h^d thele is an oval nQ»rstriatetLportion which ataina d^ply xinth 
c^jSine. Occupying the angles between the rods and the basilar membrane 
are nucleated .-C»elis which partly envelop the rods and extend on to the flpc^ 
of Corti’s tunndl!'* those may be looked upon as the undifferentiated parts of 
the cells from which the rods have been formed. 

The inner rocks number ne^ly 6000, and their bases rest on the basilar 
membrane close to the tympanic lip of the sulcus spiralis intemus. The shgft 
or body of each is sinuously curved and forms an angle qt abpujt. six;ty degrees 
with the basilar membrane. The head resembles the proximal. end, of the ulna, 
and presents a deep concavity which accommodates a convexity on the head 
of the outer rod. The head«plate, or portion overhanging the concavity, overlaps 
the head-plate of the outer rod. 

Fig. 922..--A transverse sec?tion throi^b the spiral organ of Corfu .Magnified. 

(G. Rotzius.) 



The outer rods, nearly MKH) in number, are longer and more obliquely set 
than the inner, forming with the basilar membrane, an snglp, of about fortv 
degrees. Their heads are convex internally : they fit into the concavities oh 
the heads of the inner rods, and arc continued outwards as thin flattened plates 
termed^ pfialanyml processes, which unite with the phalangeal processes d 
Deiters’ cells to form the reticular membrane. 

ffair-cells—The hair-cells are short columnar cells ; their free ends are 
on a level with the heads of Co^ti^s rods, and each is surmounted W about 
twenty hair-like i>roces8es aiTanged in the f6rm of a crescent with its concavity 
directed inwards. The deep ends of the cells reach about halfway along 
Corti’s rods, and each contains a large nucleus ; in contact with the deep 
ends of the hair-cells are the terminal filaments of the cochlear nerve The 
inmr hap-cells, about 3600 in number, are arranged in a single row on the 
medial side of the inner rods, and, their diameters being greater than those 
the rods, each is supported by more than one rod. The free ends*of the inner 
hair-cells are encircled^ by . a cuticular.,,IPP^librane which is fixed to the heads 
of the inner rods. Adjoining the inner hair-oells are. pna..aii.^w;a.rQW9 of 
columnar supporting.cells, which, in turn, are continuous with the cubical cells 
^lining the sulcus spiralis inlemus. The outer bair-c^lls nun^^r about 
are nearly tmc<} ,m lonR as.tfce iw»r. In the 
they we arrange^ uj te«»ll»r .rnw8 ; in Wmewhah 
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Between the rows of the outer hair-eells are rows of supporting^colls^ caUed 
u’f ; their expanded bases are planted on the basilar membrane, 

while the opposite end of each presents a clubbed extremity or ^phalangeal 
process. Immediately to the outer side of Deiters’ cells are five or six rows 
of columnar cells, the. aupporling cells of Hensen, Their bases are narrow, 
while their upper parts are expanded and form a rounded elevation on the 
floor of the ductus cochlcaris. The columnar cells lying outside Hensen's 
cells are termed the cells of Claudius, A space exists between the outer rods 
of Corti and the adjacent hair-cells ; this is called the ^ ce of NueL 

The reticular lamina (fig. 923) is a delicate framewoi^ perforated by circular 
holes which are occupied by the free ends of the outer hair-cells. It extends 
from the heads of the outer rods of Corti to the external row of the outer hair- 
cells, and is formed by several rows of minute fiddle-shaped cuticular structures, 


Pig. 923. — The liiuiiua rcticuluris and subjacent structures. (Schematic.) 

(Tostut.) 



A. Inner rod ot Corti, with a, its head. u. Outer rod (in yellow), c. Tunnel of Corti. i>. Miunbrana 
basllaris. b. Inner halr-ee11.s. 1, 1'. Internal and external tmrdcrs of the niembrana retlcularla. 
2, 2', 2''. The three rows of circular holes (In blue). 3. First row of plnilanKce (In yellow). 4, 4\ 4". 
Second, third, and fourth rows of phalanges (in rod), 6, 6', ft'. The three rows of outer hair-cells (In 
blue). 7, 7', V. Cells of Deiters. 8. Cells of ITensen and Claudius. 


called* phalang^, between which are circular apertures containing the free 
ends of the hair-cells. The inncrmast.row of phalanges consists of the phalan- 
geal processes of the outer rods of Corti ; the outer rows are formeil by the 
modined free ends of Deiters^ cells. 

The tectorial membrane overlies the sulcus spiralis Lnternus and the spiral 
organ of Corti. It is wider and thicker in the apical than in the basal part 
of the cochlea. Its inner part is thin and is attached to the vestibular lip 
of limbus laminm spiralis, the attachment reaching as far as the vestibular 
membrane. The outer part is thick and padlike, the tliicknoss being greatest 
over, or slightly to the inner side of the upper ends of Corti’s rods. Retziua 
described, the outer edge as being attached to the outer row of Deiters’ cells 
while others maintain that it forms a ragged or frayed margin. Hardesty,* 
who has examined the membrane in the pig, states that this edge is free and 
bluntly rounded, but finely and irregularly scalloped. . On the under surface 
of tba membrane, opposite the interval between the inner and outer rows of 
hair-cells is a band, named Hensen's stripe. 

Hsrdesty has shown that the membrane consists of inultitiidcR of delicate fibrils * 
embedded in a transparent matrix of a soft, collagenous, semi-solid character with marked 

♦ Arnerican Jour?ial of Amkmyt vol. viii. 
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adheeivenessj^ The prevaiUtig course of the iibires is pbliguol; tratisvorfie, ftiMn 

the vestibular ]ip towisrds apex of the cochlea^ The fibres pass in curves froin 
vestibular lip and upper surface of the membrane to its under surface, where by th^ir 
interlacement they produce the appearance known as Henson ’s stripe. He also deseriti^s 
a thin, exceedingly delicate acersFory tectorial membrane ^ lying along the under sudac^ 
of the outer zone of the main Tncmbrane, and lightly attached to the latter by its outer 
edge. 

The acoiiU^^ nerve, or nerve of hearing, divides near the bottom of the 
internal acous^ meatus into an anterior or cochlear, and a posterior or 
vestibular portion. The deep connexions of these nerves are described on 
pp. 872 to 874. 

The vestibular nerve supplies the utricle, the saccule, and the ampuUm of 
the semicircular ducts. On the trunk of the nerve, within the internal acoustic 
meatus, is the vestibular ganglion (ganglion of Scar|)a), from the nerve*colls 
of which the fibres of the nerve take origin. On the distal side of the ganglion 
the n<jrvo splits into a suptiiior, an inferior, and a posterior branch.* The 
* filaments of the superior branch are transmitted through the foramina in the 
area vestibularis superior, and end in the macula of the utricle and in the oristad 
of the ampullae of the superior and lateral semicirciijar ducts ; those of the 
inferior branch traverse the foramina in the area vestibularis inferior, and 
end in the macula of the saccule. The posterior branch runs through the 
foramen singulare at the postero-inferior part of the bottom of the meatus and 
divides into filaments for the supply of the crista of the ampulla of the posterior 
semicircular duct. 

The cochlear nerve dividas into numerous filaments at the base of the modiolus; 
those for the basal and middle coils pass through tlio foramina in the tract us 
spiralis foraminosus, those for the apical coil through the canalis centralis, 
and the nerves bend outwards and oass between the lamelloD of the osseous 
spiral lamina. Occ.ipying the spiral canal of the modiolus is the spiral ganglion 
of the cochlea (ganglion of Corti) (tig. 024), consisting of bipolar nerve-cells 
from >^diich the fibres of the nerve take origin. Reaching the outer edge of 
the osseous spiral lamina, the n(»rve-fibres pass through the foramina in the 
tympanic lip ; some end by arborising around the deep ends of the inner hair- 
cells, while others pass bc'twi'cm r!orti'.s rcnls and across Corti^s tunnel, and end 

in a similar manner in relation to 
the outer hair-cells. The cochlear 
nerve gives off a vestibular branch 
to supply the vestibular end of 
the ductus cochlearis ; the fila- 
ments of this branch traverse 
the foramina in the fossa coch- 
learis (p. 993). 

VcescU, The arteries of the lahy~ 
rinth tire the internal auditory branch 
t)f tho basilar artery, and the stylo- 
mastoid branch of the posterior, auri- 
cular artery. The internal auditory 
artery divides at the bottom of the 
internal acoustic meatus into two 
. branches : cochlear and vestibular. 
Tho cochlear branch subdivides into 
twelve or fourteen twigs, wliich traverse the canals in the modiolus, and are distributed, 
in the form of a capillary network, in the lamina spiralis aud basilar xileinbraiie^^ The , 
vestibular branches are distributed to the utricle, saccule, and semicircular ducts. 

The u«in« of the vestibule and semicircular canals accompany the arteries, andv 
receiving the Veins of the cochlea at. the base of the modiolus, unite to form the Intemsi 
auditory veins which end in the posterior part of the superior petrosal jdBuS or in tho 
transverse sinus. A small Vein, from the basal turn of the cochlea, traverses, t^evaqusa- 
ductus coohle«e and joins the internal jugular vein. 

Applied Anatomy, ^The diseased conditions which may l>e found in the interaAl 
usually result from the spread of a suppurative process from the xpid^e ea^^^lui 

*The nerve splits on the proximal side.. of tJie gangUony wfaieh' ia the^ 

into three |>arts, one on each branch of the nerve. !|iVhen this oocdrs the gadj^on df thh postaij^ 

> division is placed in thp foramen singulare. ' , * : V ' ^ ' 


Fig. 024. — Part, of tho cochlour division ot tho 
acoustic no rvo. Highly magnifiod, (Honlo.) 


A'Lrvc.'i //OHitinf/ ouf hrtir(tn 
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spirale fibrfu lamina npiraUs o«sca 
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Qhroiuo ^uppuratioic^' df tho^ }ait^r,'<'d^truetfbtt'cif tb,e iuimial ear may take place, with 
/necrddis of paarta 6! i^e cochlea or vectlbule. Such cases will be associated with ‘herve- 
deftfnesa/ and the disease may spread by means of the sheaths of the facial and acoustic 
nerves ipto posterior fossa' of the skull. 

Hsemorrhage occasionaJly occurs into the labyrinth in certain lilood disorders, result- 
ing in complete ‘ nerve-deafness,’ and such conditions may be associated with symptoms 
k^wn as *Menibre’s disease,’ vertigo, giddiness, and tinnitus. Nerve-deafness is 
disposed when all * bone-conduction’ of sound is lost, and is most commonly seen in 
pi^ionts suffering from congenital syphilis, many deaf-mutes being the subjects of this 
condition. It is also not rare after mumps. 


PERIPHERAL TERMINATIONS OF NERVES OF GENERAL 

SENSATIONS 

The peri 2 >heral terminations of the nerves associated with general sensation^^ 
(i.e. the muscular sense and the senses of heat, cold, pain, and pressure) are widely, 
distributed throughout the body. These nerves may end as free fibrils amongst 
the tissue elements or in special end-argam w'here the terminal nerve-filaments are 
enclosed in oaf^ules. 

Free nerve-endings occur chiefly in the epidermis and in the epithelium covering 
certain mucous membranes ; they are well seen in the stratified squamous epithelium 


Fig. 925. — An end-bulb of Krimi^o. (From 
Flein’s Kliments Histology.) 



a. MeduUatod nerve-flbre. h. Capsule. 


Fk;. 9‘2(i. — Tactile corpuscles ; (a) of 
Gnuulry, (b) of llcrbst. , 



of the cornea, and are also found in the root-sheaths and papillae of the hairs, and 
around the bodies of the sudoriferous glands. 

When the nerve-fibre approaches its termination, the medullary sheath suddenly 
^sappears, leaving the axis-cylinder surrounded by the neurolemma. After a 
time the fibre loses its neurolemma, and consists only of an axis-cylinder, which 
can be seen, in preparations stained with chloride of gold, to be made up of fine 
varicose ^brillm. Finally, the axis-cylinder breaks up into its constituent* fibrillie, 
which often present regular varicosities, and anastomosing with one another, 
end in small l^bs or discs between the epithelial cells. 

Un^r this heading may be classed the tactile discs described by Merkel 
occdmng in the epidermis oi the pig’s snout, where the fibnUos oi the axis-cylinder 
end in bupr/^hap^ discs in apposition with large eiiithelial cells. 

Tha ^ exhibit great variety in size and shape, but have one 

fcaturfe in common,^ viz. the termimd fibrils of. the nerve are enveloped by a 
eapstde. Included in this group are the end-bulbs of Krause ; the corpuscles of 
Grandjcy, of Pacipi, of Jlerbst, of Golgi and Mazzoni, of Wagner and Meissner; arid 

the heul?f>tendinous and henroimiacular spindlea* 

N i TSie (fi^: 926) are minute cylindrical or ovAl bodies, consistii^ 

of kr>apsqlc of connective tissue enveloping a soft semi*fluid core in which the 


1006 ORGANS OF THE SENSES AND COMMON INTEGUMENT 

axis-cylinder terminates either in a bulbous extremity or in a coiled-up plexiform 
mass. End-bulbs are foundf in the conjunctiva of the eye (where they are spheroidal 
in shape in man, but cylindrical in most other animals), in the mucous membrane 
of the lips and tongue, and in the epineurium of nerve-trunks. They are also 
found in the penis and clitoris, and have there received the name of genital covyyusdes ; 
in these situations they have a mulberry-like appearance, being constricted by 
connective tissue septa" into fromi two to six knob-like masses. In the synovial 
strata* of certai’'"3Qjnts (e.g. those of the fingers), rounded or oval end-bulba occur, 
and are designated articular endrbulhs. 

The tactile corpuscles of Grandry (fig 926a) occur in the papillae of the beak and 
tongue of ducks and geese. Bach consists of a capsule composed of a delicate, 


Fig. 927. — A Pacinian corpuscle, with 
its system of capsuli's and its cen- 
tral cavity. 


Fig. 928. — A papilla of the hand, containing 
a tactile corpuscle of Wagner and Meis- 
sner. X 350. 




A. Side view of a papilla, a. tvapsuie. b. Tactile 
<'i>rpuscle. c. Small ii»irve, of the papilla, with neuro- 
lemma. d. Its two nerve-flbres runiuag with spiral coils 
round the tiict.lle corpuHcle. e. Apparent temiuation 
of one of tJieeo tlbres. B. Transverse section of a 
tactile papilla, a. Cajwnle. b. Nerve-flbre. c. Outer 
layer of the tactile corpuscle, with nuclei, d. Clear 
internal substance. 


nucleated membrane, and containing two 
or more granular, somewhat flattened cells 
between which the axis-cylinder ends in 
flattened discs. 

The Pacinian corpuscles (fig. 927) are 
found in the subcutaneous tissue on the 
nerves of the palm of the hand and sole 
of the foot, and in the genital organs of 
both sexes ; they also occur on the nerves 
of the joints, and in some other situations, 
as in the mesentery and pancreas of the cat 
and along the tibia of the rabbit. Each 
of these corpuscles is attached to and encloses the termination of a single nerve-fibre. 
The corpuscle (which is visible to the naked eye and can be most easily demonstrated 
in the mesentery of a cat) consists of a number of concentric lamellsB or capsules 
arranged around a central space, in which the nerve-fibre is contained. Bach 
lamella is composed of bundles of fine connective tissue fibres, and is lined oh its 
inner surface by a single layer of flattened epithelioid cells. The central srace 
is elongated or cylindrical in shape, and filled with a transparent core, in the middle 
of which the axis-cylinder traverses the space to near its distal extremity, where 
it ends in one or more small knobs. Todd and Bowman have described minute 
arteries as entering by the sides of the nerves and forming capillary loops in the 
inteicapsular spaces, and even penetrating into the central space. 

Herbst has described a nerve-ending somewhat similar to the Pacinian corpuscle, 
in the mucous membrane of the tongue of the duck; and in some othet situations. 
It diffei^ however, from the Pacinian corpuscle in being smaller, in its camules 
being more closely approximated, and*especially in the fact that the axis-cylinder 


a. Arterial twlK, eikdiiiK In ciipilJaries, which 
form loops in some of the Intercapsular spaces ; 
one penetrates to the central capsule, b. The 
fibrous tissue of the stalk, n. Nerve-flbre 
advancing to the central capsule, there losing 
Its medullary sheath, and passing along the core 
to the opposite end, where it terminates in a 
tubeiculated onlargenicnt. 
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in the central dear epoqe is coated with a continaons row of nuclei. These nervc- 
endings are known as the carjmdes of Herbst (fig. 9266). 

corpuscles of Oolgi and Mazzani are found" in the subcutaneous tissue of 
the pulp of the fingers. They differ from Pacinian corpasclea in that their capsules 
are thinner, their contained cores thicker, and in the latter the axis-cylinders ramify 
more excensively and end in flat expansions. 

The tcuUile corpuscles of Wagner and Meissner (fig. 928) are oval-shaped bodies 
which occur in the papiUce of the corium of the hand and foot, the front of the 
forearm, the skin of the lips, the mucous membrane of the tip of the tongue, the 
palpebral conjunctiva, and the skin of the mammary papilla. Each is enveloped 
by a connective tissue capsule, which sends membranous septa into the interior. 


Fig. 929. — A nerve-ending of Bufiini. (Arch. ital. de Biol., 
Turin, t. 1894.) 


NervC’ fibres 


Connective tissue sheath 



Fkj. 930. — A neurofcendinous spindle or organ of Golgi from the luinmn 
tendo calcaneus. (After Ciaccio.) 



The axis-cylinder asses through the capsule, and after making several spiral 
turns round the ody of the corpuscle ends in small globular or pear-shaped 
enlargements. 

Corpusdes of Ruffini described a special variety of nerve-ending in 

the su&utaneous tissue of the human finger (fig. 929), and mostly situated at the 
junction of the corium with the subcutaneous tissue. They are oval in shape, 
and consist of strong connective tissue sheaths, inside which the nerve-fibres divide 
into numerous branches, which show varicosities and end ii small free knobs. 

The neurotendinous spindles or organs of Oolgi are chiefly found near the junctions 
of tendons wHh muscles. Bach is enclosed in a capsule which contains a number 
of enlarged tendon-rfasciculi (wtrafusal fasciculi). One or more nerve-fibres perforate 
the side of the capsule and lose their meduDary sheaths ; the axis-cylinders sub- 
divide and end netween the tendon-fibres in irregular discs or varicosities 
(fig. 930). 

The nmromuscular spindles are present in the majority of voluntary muscles, and 
consist of small bundles of peculiar muscular fibres {intrafusal fibres), embryomc iu 
type, invested by capsules, within which nerve-fibres, experimentally shown to be 
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sensory, terminate. ThesS neuromuscular spindles vary.iu lepgt^ from 0<$ zniUr 
to 5 mm. and have a fdsiform appearance. The large medullated nerve-iibres 
passing to the end-^otgan are from one to three or four in number; entering the 
fibrous capsule, they divide several times, and, losing their medullary ahimths^, 



ultimately end in naked axis-cylinders encircling t^.e intrafusal fibres by flatcenecl 
expansions, or irregular ovoid or rounded discs (fig. 93b). Neuromuscular spindles 
have not yet been demonstrated in the muscles of the tongue, and only a few exist 
in the. ocular muscles. 


Thr Common Integument . 

The integument or skin (fig. 932) covers the body and protects the deeper tissues. 
It’contains the peripheral endings of many of the sensory nerves, plays an important 
part in the regulation of the body temperature, and possesses limited excretory 
and absorbing powers. It consists principally, of a layer of vascular connective 
tissue, named the coriu'in or cutis vera, and an external covering of epithelium, 
termed the epidermis or cuticle. On the surface of the foimer layer are sensitive 
and vascular papiUte ; and within, or beneath it, are certain organs with special 
functions : namely, the sudoriferous and sebaceous glands, and the hair ’■follicles. 

The ei^idetmis or cuticle is non- vr scalar : it consists of stratified epithelium' 
(fig. 933), and is apcurately oiGulded on the papillary layer of the corium. It varies 
in thickness in different parts, Tn some situations, as in the palms of the hands 
and soles of the feet, it is thick, hard, and horny in texture. This may be in a 
measure due to the fact that these parts are exposed to intermittent pressure, but 
that this is not the only cause is proved by the fact that the condition exists to a 
very considerable extemt at birth. The more superficial layers of cells form the 
homy layer {stratum corneum), which may be separated by maceration from a 
deeper stratum, the strcUum mucosum, consisting of several layers of differently 
shaded cells. Tlie free surface of the epidermis is marked by a* network of linear 
furrows of ‘variable size, dividing the surface into a number of^polygonal or lozenge- 
sHaped areas. These furrows arc large opposite the flexures of the joints, and 
correspond with the folds in the corium produced by movements. In other aitua- 
tions, as upon the back of the band, they are sioau, and intersect one ^dther at 
various angles. Upon the palmar surfaces of the hands and fingers, and upon 
the soles of the feet, these lines are fine but very distinct, and are disposed in syore 
or less parallel curves ; they depend upon the large size and peculiar arran^ieiiieni : 
of the papilla; upon which the epidermis is |>laced. In each indiyidual the lines' on 
the tips of the fingers and thumbs form distinct patterns unlike tbose of any other 
person. A method of determining the identity of a criminal is bas^d bn this fabt,^ 
impressions {‘finger-prints’) of these lines ^ing made on paper covered with* 
soot, or on white paper after first covering the fin^rs with ink. .. The de^ aorfooe 
of tljB epidemus is fiwjcutately mould^ upon tie papi}!^ laycqf of the eotipm,, 
the papiflas being covered by a basement membrane; so that when 
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i k reixioved by xiiaceration, its under surface presents a number of pits or deplressions 
•; ooirespon^l^mtb the padllss, and ridges corresponding with the intervals between 
^ them. Kne tubular prolongations are continued from this layer into the ducts 
of the atldoriferous ana sebaceous glands. 

The epiden^ consists of stratified epithelium which Js arranged in five layers 
, named from within outwards as follows ; (o) stratum germinativum, (5) stratum 
mucosum, (c) stratum granulosum, (d) stratum lucidum, and (s) stratum comeum. 


Fig. 932. — A diagrammatio section of the skin. Magnified. 
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The stmtuni g&nhinativum consists of a layer of columnar cells with oblong 
nuclei. The cells are placed perpendicularly on the basement membrane and 
attached to it by denticulated extremities. 

The ^ToJhm mucomm is composed of several layers of spherical or polyhedral 
cells, the contents of which are soft, opaque, and granular. These cells are joined 
to one another by fine protoplasmic bridges. When the oeUs are isolated these 
bridges azo broken and the surfa^ of the cells are beset with numerous short 
thom-^like processes which give the cdls a characteristic appearance and have led 
^ their being named pneiJe-ceSs. lilie cells contain numerous fine fibrils which 
can be stained by cartmne or hssmatoxylin, and are continuous with those of neigh- 
bouring cells across the protoplasmic bridges. Between the bridges are minute 
lymph-chonpds in which jyinpi^cQ]i^uscles or pigment-gramd^s may be found. 

Tlie gfHMhmm two or three layers of fusiform cells which 

contsin grsnutles of a substance readily stained by hmmatoxylin dr c<u:nuiie, 
o:a. ' • ’ , 3s . 
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and probably an intermediate stage in the formation of keratin. They axe supposed 
to be ccJJs undergoing transformation from the protoplasmic cells of the stratum 
rnucosum to the horny cells of the superficial layers. 

The stratum lucidum appears in section as a homogeneous of dimly striated 
layer, composed of closely packed colls in which traces of flattened nuclei may 
be found, and in which the elcidin has been changed into a substance named 
keratohyalin. 

The stratum^jprncum consists of several layers of homy epithelial cells in which 
no nuclei are discemible. They are unaffected by acetic acid, and their protoplasm 
has been converted into a horny material, known as keratin. According to Ranvier 
they contain granules of a material which has the characteristics of beeswax. 

The black colour of the skin in the negro and the tawny colour in some of the 
white races are due 1o the presence of pigment in the cells of the epidermis. This 


Kio. 933. — A ^<ectioll of tho epidorrniss. (BanviLT.) 



pigment is more especially distinct in the cells of the stratum rnucosum, and is 
similar to that found in the cells of the pigmentary layer of the retina. Sb the 
cells approach the surface and desiccate, the pigment is partially lost. 

Tlie corium or cutis vera is tough, flexibly, and highly elastic. It is very thick 
in the palms of the hands and soles of the feet ; thicker on the posterior than on 
the anterior aspect of the body, and on the lateral than on the medial sides of the 
limbs. It is exceedingly thin and delicate in the eyelids, scrotum, and penis. 

It consists of felted connective tissue, with a varying number of elastic fibres 
and numerous blood-vessels, lymphatic vessels, and nerves. The connective tissue 
is arranged in two layers : a deeper or reticular ^ and a superficial or papllary. 
Unstriped muscular fibres arc found in the superficial layers of the corium wherever 
hairs are present ; they are also present in the subcutaneous areolar tissue of the 
scrotum, penis, labia majora, and nipples. In the nipples the fibres are disposed 
in bands, closely reticulated and arranged in superimposed laminse. 

The retieviar layer consists of strong interlacing bands, composed chiefly of 
white fibrous tissue, but containing some yellow elastic fibres which vary in number 
in different part.s ; the connective tissue corpuscles are often to be found flattened 
against the bundles of white fibrous tbsue. Towards the attached surface the 
fasciculi are coarse, and the largo areolss left by their interlacement are occupied 
by adipose tissue and sweat-glands. Below the reticular layer is the subcutaneous 
areolar tissue, which, except in a few situations, contains fat. 



THE CORIUM OR CUTIS VERA 


1011 


The papillary layer consists of numerous highly sensitive and vascular eminences, 
the papiUcp^ which rise pei-pendicularJy from its surface. The papilte are minute 
conical eminences, having round or blunted extremities, occasionally divided into 
two or more parts, and are received into corresponding pits on the under surface of 
the cuticle. On the general surface of the body, more especially in parts endowed 
with slight sensibility, they are few in number, and exceedingly minute ; but 
in some situations, as upon the palmar surfaces of the hands and fingers, and upon 
the plantar surfaces of the feet and toes, they are large, closely aggregated together, 
and arranged in parallel curved lines, forming the elevated ridges seen on the free 
surface of the epidermis. Each ridge contains twt) rows of papillae, and between 
the rows the ducts of the sudoriferous glands pass outwards to open on the siimmit 
of the ridge. Bach papilla consiste of very small and closely interlacing bundles 
of finely fibrillated tissue, with a few elastic fibres ; within this tissue is a capillary 
loop, and in some papillae, especially in the palms of the hands and the lingers, 
there are tactile corpuscles. 

The arteries supplying the skin form a network in the subcutaneous tissue, 
and from this network branches are distributed to the sudoriferous glands, the 
hair-follicles, and the fat. Other branches unite in a plexus immediately beneath 
the coriuni ; from this plexus, fine capillary vessels pass into the papillro, forming 


Fig. 0U4. — A longitudinal section through flu* root of a nail. 


pony chi u If i, 
IS'nil 
Stratxtin 
mucosxim 

*itratuin cor^ 
ncum of thv 
nail-groove 



Stratmn 

corneuw. 

fliratum 

granuloHviii 

(lorinni 


BUrnhcmfls 


a single capillary loop in the smaller papillae, but in the larger ones dividing into 
two or more capillary vessels. The lymphnlic vessels of the skin form a superficial 
and a deep network, which communicate with each other and with the lymphatic 
vessels of the subcutaneous tissue by oblique branches. 

The nerves of the skin terminate partly in the epidermis and partly in the corium ; 
their different modes of ending are described on pp. 1005 to 1007. 

The appendages of the skin are the nails, the liairs, and tlie sudoriferous and 
sebaceous ^ands with their ducts. 

The nails (fig. 934) are flattened, elastic structures of a horny texture, placed 
upon the distal parts of the dorsal surfaces of the terminal phalanges of the fingers 
and toes. Each is implanted into a groove in the sldn by a portion called the root ] 
the exposed part is called the body, and the distal extremity ihe.frce eJye. The nail 
is firmly adherent to the corium, being accurately moulded upon its surface ; the 
part of the corium beneath the body and root of the nail is called the riltiil-^matirixy 
because from it the nail is produced. Under the greater part of the body of the 
nail the matrix is thick, and raised into a series of longitudinal lidges which are 
very vascular, and the colour is seen through the transparent tissue. Near the root 
of the nail the papillse are smaller, less vascular, and have no regular arrangement, 
and here the tissue of the nail is more opaque ; hence this portion is of a \rhite 
colour, and is called the lunula on account of its shape. 

As the cutiele passes forwards on the dorsal surface of the finger or toe it is 
attached to the surface of the nail a little in advance of its root ; at the extremity 
of the finger it is connected with the under surface of the nail a little behind its 
free edge. The cuticle and the homy substance of the nail (both epidermic struc- 
tures) are thus directly continuous with each other. The superficial, horny part 
of the nail , consists of a greatly thickened stratum lucidum, the stratum cornenm 
forming merely the thin cutjcular fold [eponychium) which overlaps the lunula; 
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the deeper part cossiste^Of the stratum mucosuim The oeDs in (w&taot wim' the 
papilla) of the matrix are columnar in form and arranged^ peipendiculanV t0 the 
surface ; those wlnoh succeed thepi are rounded or wlygonal, while the more 
superficial ones are thin and flat, and so closely ^ked as to^ make the Uimts of 
the cells very indistinct. The nails grow in len^h by the proliferation of the cella 
of the stratum mucosoni at the root of the nail, and in thickness from that partw 
the stratum mucosum which underlies the lunula* • . 

Hain are on nearly every part of the surface of the body, but are abeent 
from the palms ofihe hands, the soles of the feet, the dorsal surfaces of the termini 

Fig. 935.— a pcction of the skin, showing the epidermis and dermis, a liair in its 
follicle, the Arroctor pili muscle, with sebaceous glands opening into the 
hair-follirlc. 
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phalanges, the glana penis, the inner surface of the prepuce, and the inner surfaces 
of the labia. They vary much in length, thicjkness, and colour in difierent parts 
of the body and in different races of mankind. In some parts, as in the'ddn of the 
eyelids, fhey are so short as not to project beyond the follicles contaifinjg iSiem ; 
in others, as upon the scalp, they are of considerable length ; the eyelashes, the 
hairs of the pubic region, and the whiskers and beard are remarkaWe for ^leir 
thickness. Straight hairs are stronger than curly hairs end present qn transyeii$i^ . 
seclaon a cylindrical or oval outline : curly hairs, on the other hand, are 
A hair consists of a root, the part implanted in the skin ; and or 
the portion projecting from the surface. , ' 

The root of the hair ends in an enlargement, the hdir-hiJhf whici.is 
colour and softer in texture than the shaft, and is lodged ill* an inV^u^Oii, of^rtin 


^idernus and superfieial portion of the darnus, galled 
When the hair is of considerable length the fofficte 
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' ^n^iir a^^***?^* cwnmencee on the surface of the skin with a funud-shafied 
^ “ «n oblique or cuwed direction— the latter in cSy 

' dilated at ita deet) extrenutv. where it enrrAanAnsia ^*u *iZ 

hiMT-bidb, Opening into 


lijHM X. 1 7 , r -- ""*•' 1 **'’ wt ■«»*»«* vLUftMuon — ine latlier m ci 

hiwr ^ extremity, where it corresponds with 

or t«nto°‘ , PP*^8 mto the follicle, near its freq extremity, are the ducts of c_ 

' vmpoTbi* gjands. At the bottom of each hair-follicle is a small conicd^ 

vasctUar emmenee m* 'nA.rkilin. aiwMtiA« ±. • •* » - ^ 


the 
one 

ftiftiiiw. AC me ooccom ot each hair-toUicle is a small conical 
smfi^f papilla, similar in every respect to tho^e found upon the 

3?a.i Uffc ’ ov ^ conj^uous with the dermic layer of the folliclerand is 
rarejed irath nervo-fibnls The hait-foUicle consists of two coata-^in miter or 
wfifwtc, and an inner or epidermic. 

wit^tir!!^,?™*^)!^ w** continuous 

Sill! n ^ M higWy vascular, and supplied by numerous minute nervous 
Ulamtnts. It consists of three layers (fig. 936). The most internal is a hyaline 

Pio. 936.— A transverse section of a hair-follicle. 
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asen^nt membrane, which is well marked in the larger hair-follicles, but is not 
very totinct m the follicles of minute Laiis ; it is limited to the deeper part of 
tne oiucle. Outside this is a compact layer of fibres and spindle-jshaped cells 
arranged cireularly around the follicle ; this layer e.^tends from the tottom of the 
toUicle to the openings of the ducts of the sebaceous glands. Externally is a thick 
myer ot connective tispe, arranged in longitudinal bundles, forming a more open 
t'e:;cweand bor^ponding with the reticular part of the cerium ; in this are contained 
the Wood-vessels and nerves. 

epifcmic coal is closely adherent to the root of the hair, and. 
^ strata namd respectively the ovder and inner roct^ehmths ; the outer 

i^th the stratum mucosum of the epidermis, and resembles 
It cliaracter of its cellar at the bottom of the hair-' 

• bwome continuous with those of the root of the hair. The inner 
r^t-sn^th 00^^^ of : (1) a delicate cuticle next the hair, composed of a sinWe 
i ati^Wed nuclei; (^) one or two kyers ofhomtr, 

and (3) usinglelayer of cubi4i 

eem With flatted nuclei, caned HenWs layer. 
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The hair-bulb is inouldied over the papilla and composed of polyhedral epithelial 
cells, which as they pass upwards into the i*oot of the hair become elongated and 
spindle-shaped, except those in the centre, which remain polyhedral. 

The shaft of the hair consists, from witldn outwards, of the medulla, the cortex, 
and the cuticle. The medulla is usually absent from the fine hairs covering the 
surface of the body, and commonly from those of the head. When viewed by 
transmitted ligh^ it appears deeper in colour and more opaque than the cortex, but 
when viewed by inflected light it is white. It is composed of rows of polyhedral 
cells, with air-spaces between, and sometimes within, the cells. The cortex con- 
stitutes the chief part of the shaft ; its cells are elongated and are united to form 
flattened fusiform fibres which contain pigment -granules in dark hair^ and air in 
white hair. The aitich consists of a single layer of fiat scales which overlap one 
another from below upwards. 

Connected with the hair-follicles are minute bundles of involuntary muscular 
fibres, termed the Arrcctores j>ilorum (fig. 935). They arise from the superficial 
layer of the rorium, and are inserted into the hair-follicle, below the entrance of 
the duct of the sebaceous gland. They are placed on the side towards which the 
hair slopes, and by their action diminish the obliquity of the follicle and elevate 
the hair.* The sebaceous gland h situated in the angle which the arrector muscle 
forms with the superficial portion of the hair-follicle, and contraction of the muscle 
thus tends to squeeze the sebaceous secretion out from the duct of the gland. 

The sebaceous glands (fig. 935) arc small, sacculated, glandular organs, lodged in 
the substance of the coiium. They are found in most parts of the skin, but are 
especially abundant in the scalp and face ; they are ,tlso very numerous around 
the apertures of the anus, nose, mouth, and external ' ir, but are wanting in the 
palms of the hands and soles of the feet. Each gland consists of a single duct, more 
or less capacious, which emerges from a cluster of oval or flask-shaped alveoli, 
usually from two to fve, but in some instances as many as twenty in number. Each 
alveolus U composed of a transparent basement membrane, enclosing a number 
of epithelial cells. The outer or marginal cells are small and polyhedral, and are 
continuous with the cells lining the duct. The remainder of the alveolus is filled 
with larger cells, containing fat, except in the centre, where the cells are broken up, 
leaving a cavity filled with thc^r debris and a mass of fatty matter, which constitutes 
the sebum cutaneum. The ducts open most frequently into the hair-follicles, but 
occasionally upon tlio general surface, as in the labia minora and the free margins 
of the lips. On the nose and face the glands are of large size, distinctly lobulated, 
and often become much enlarged from the accumulation of pent-up secretion. The 
tarsal glands of the eyelids are cLmgat^^d sebaceous glands with numerous lateral 
diverticula. 

The sudoriferous or sweat glands are found in almost every part of the skin, and 
are situated in small pits on the under surface of the corium, or, mure frequently, 
in the subcutaneous tissue, surrounded by a quantity of adipose tissue. Each 
consists of a single tube, the deep part of which is rolled into an oval or spherical 
ball, named the body of the gland, while the superficial part, or ducty traverses 
the corium and cuticle and opens on the surface of the skin by a funnel-shaped 
aperture. In the superficial layers of the corium the duct is straight, but in the 
deeper layers it is convoluted or twisted ; where the epidermis is thick, as in the 
palms of the hands and soles of the feet, the part of the duct which passes through 
it is spirally coiled. The size of the glands varies. They are especially large in 
those regions where the amount of perspiration is great, as in the axiUas, where 
they form a thin, maniillated layer of a reddish colour, which corresponds exactly 
with the situation of the hair in this re^on ; they are large also in the groin. « Their 
number varies. They are very plentiful on the palms of the hands, and on the 
soles of the feet, where the orifices of the ducts are exceedingly regular, and open 
on the curved ridges ; they are least numerous in the neck and back. The tube, 
both in the body of the gland and in the duct, consists of two layers — an outer, 
of fine areolar tissue, and an inner of epithelium (fig. 937). The outer layer is 
thin and is continuous with the superficial stratum of the coriiim. In the body 

* Profosaor Arthur Thomson of Oxford sugsosts that the contraction of these muscles ou 
follicles which contain weak, fiat hairs will tend to produce a permanent curve in the foKjole, 
and this curve will he impressed on the hair which is moulded witUh it sO that the hah, bn 
emerging through the skin, will be curled. Curved hair-follicles are bheracteristic of the scalp 
of the Bushman. 
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of the gland the epithelium consists of a single layer of cubical cells, between the 
deep ends of which and the basement memWane is a layer of longitudinally or 
obliquely arranged non-striped muscular fibres. The ducts are destitute of muscular 
fibres and are composed of a basement membrane lined by two or three layers of 

Fig. 937. — The body of u sudoriferous gland cut in various' directions. (From 
Klein and Noble Smith's Atlas of Histology.) 





SPLANCHNOLOGY 


U NDER this heading are described tlie respiratory, digestive, and urogenital 
organs, and the ductless glands. 


RESPIRATORY APPARATUS 

The respiratory apparatus consists of the larynx, trachea, bronchi, lungs, 
and pleura. 

The Larynx 

The larynx, the organ of the voice, is jJaced at liie upper part of the air- 
passage. It is situated between the trachea and the root of the tongue, at the 
upper and anterior part of the neck, w^herc it presents a considerable projection. 
It forms the lower part of the antf^rior wall of the phaiynx, and is covered 
behind by the mucous lining of that cavity ; on either side of it lie the great 
vessels of the neck. In the adult male it is situated oppositg t|ie foiirth, fifth, 
and sixth cervical vcrteiliribe, but is placed somewhat higiier in the female and 
also dui'ing childhood. Symington states that in infants of between six and 
twelve months of age*the tip of the epiglottis is a little above the level of the 
fibrocartilage between the dens and body of the epistropheus, and that from 
infancy to adult life the larynx descends for a distance equal to two vertebral 
bodies and two intervert^ral fibrocar!)ilages. The average measurements 
of the adult larynx are as follows : • 

In males. In females. 

Length 44 mm. 36 mm. 

Transverse diameter . . . 43 „ 41 „ 

Anteroposterior diameter . 36 „ 26 „ 

Circumference . . • . 136 „ 112 >» 

Until puberty the larynx of the male differs little in size from that of the 
female. In the female its increase at puberty is only slight. In the male 
its increase is considerable all the cartilages enl^irge and the thyroid cartilage 
projects in the middle line of the nock, while the length of the rima glottidis 
is nearly doubled. 

The larynx is broad above, where ih presents tfie form of a prismatic hox$ 
flattened behind and at the sides, and bounded ip front by a prominent vertical 
ridge. Below, it is narrow and cylindrical. It is composed of cartilages^ which 
are connected by ligaments and moved by numerous muscles. It is lined by. 
mu^ua membrane continuous above and behind with that the pharynx 
and below with that of the trachea. / • ' ' ; / ' ^ 

The cartilages of the larynx (fig. 938) ate tune in number, thm ^rfl^e 
and three paired, as follows : ^ ^ 

Thyreoid. > €!omic\flltrte. 

Grrk^id. Two CJuneSpijm: 

Two Arytsenoid. 

Tjbe ^thyreoid cartila^ the oi 
6{ tt^^min«s, the anterior borders w 
' angle In the middle tine of the neck^ and \ 
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(ppmma Adami}. TJm ptoigi&eiuie is most 
^ its ui^ pact and is Jargw in tlie male tiian in the female, 
immediacy above rt the lanunis are separated by a v-shaped notch, the 

oWDertor Eh§irAn9A nr%h*l» ^ ' 


le kmintp are irregularly quadrilateral in shape, and their posterior 
anglte are Prolog into processes termed the superior and inferior comm. 
On the oafer sttr/oce of each lamina an Migue finfr^TSownwards and for- 
wards from the superior thyreoid — 


Fig. 938. — The cartilages of the laryiix. 
Posterior view. 



tubercle situated near tbe root 
. ot the superior eomu, to the 
i^^pr thyreoid tubercle on the 
lower border^ This line gives 
ati^hment to the Sternothy- 
reoideus, Th^eohyoideus, and 
ODnstrictor pnaryngis inferior. 

The inner surface is smooth : 
above and brfiind, it is slightly 
concave and covered by mucous 
membrane. In front, in the 
angle formed by the junction 
of the laminsB, are attached the 
stem of the epiglbttis, the ven- 
tricular and vocal ligaments, the 
Thyreoarytasnoidei, Thyreoepi- 
glottici and Vocales muscles, and 
the thyreoepiglottio ligament. 

The upper border is concave 
• behind and convex in front ; it 
gives attachment to the cor- 
responding half of the hyo- 
thyreoid membrane,. 

The lomr border is concave 
behind, and^ nearly straight in 
front, the two parts being 
separated* by the inferior thy- 
reoid tubercle. A small part of 
it in and near the middlo line 
is connected to* the priooid 
cartilage by the middle crico- 
. thyreoid ligament. 

The posterior bordef, thick 
and rounded, receives the inser- 
tions of fibres of the Stylo- 
phoiyngeus and Pharyngopala- 
tinua muscles. It ends in the 
superior and inferior cornua. 

The superior cornu is long and 
narrow, directed upwards, b^ck- 
. wards, and mediaiwards, and 
^ ends in a conical , extremity, 
which gives attacliment to the 
, lateral h^thyreoid ligament. 

Tte infmor^orim is short and * 

‘ . thipl^jlf' 'ft is dh^iied downw^ds, with a slijght inclination forwards and medial- 
bss, on tlm medial ade of its tip, a small oval facet for articulation 

border is fused that of the opposite lamina, forming with 
Hi about OOP ih the adult' male, and about 120^ in the adult fe^e. 

Mancy: the la^EUt# of the thyreoid cartilage are join^ to 
h twacrow, loaMbte^aped siteip, .named the inMkyreoidM * ^ 

lower bord^ of the oofitili^le lin 

Ufteif is the laminm by being more flexible a; ‘ 


VornicuUite, cartilages 
Cwieiform cartilage^.^^ ^ \ 


ARYT.HNOIO 


Insertion of 
Cricoaryteenotdeus 
posterior 


Articular facet for 
iirytanoU cartilage 

Anicular facet for 
. inferior cornu of 
Shyreoi^ cartilage 



{.^Voetcrior 
surface 


Base 
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Tbe cricoid cartilage ifc smaller, but thicker and stronger than the 
thyreoid, rnd forma the* Jowe^ £.nd posterior parts of the waD of the larTOX. 
Tt consistis of (a) a posterior quadrate lamina, and (6) a narrow anterior arch. 

The lamina is deep and jroad, iiid measures vertically from 2 cm. to 3 cm, ; 
on the middle of its posterior surface is a vei*tical ridg to the upper part of 
which the two fasciculi of the longitudinal fibres of the oasophagus are attached 
by a stout ten^?fon (p. 1081 ) ; and on either side of the jidgo is a bro^ dopr^sion 
for the origin of Criroarytapuoideus posterior. 

The arch is narrow and convex, cmd niCasures vertically from 6 mm.' to 
7 mm. ; it aftords attachment hi front and at the sines lO the Oricothyreoidei, 
and bcliind, to part c'’ the Cmscrictor oharyngis infcTior. 

On cither side, at the juuedon of i,he l^^mina \,il:.h the arch, a small round 
facet, directed latcriilw.'vrds and backwards, fot articulation with the inferior 
cornu of the thyrVvxid '.rti*sgc. 

The lower boide- oi Ihr Ciicold cavuia.^o is horizoittal, and 'onnected to 
the highest ring (if V trachea b' the cricotrachesd ligament. The upper 
border rims obliquely up^v■.^^cl:; and ^•Jlckv7ardc. owiu^ to the great depth of 
the lamina. It gives attarh f at, 'rent, ttie middle crioothyreoid ligament ; 
at the sides, to the conn ^ l*' ^ p T vncoaiytsenoldei laterales ; behind, 

it presents, in trie muMle. a cyi'r »‘.v n »teb- m either ^iue of this is a smooth, 
oval, convex snrfaii‘, din uirva. jis cUii latf . c' lor articulation 
witji the base of an ‘"yl ^ i ii<l v.-igr 

The imier surfar.*-. of cn- o. i .-jiri i;s ?,ncfjth, bood by mucous 
menibraue. 

The ary^'enoin cartilages in . ;e at the upper 

border of the lamina f‘f the (?riroid cartlhv>j:e, av, t;ie cp.v v a t!‘ ? larynx. Each 
is pyramidal In form, and has three ^nrlaces, a base, and iUi apex. 

The posterior s't.'Jace is tiiangaUr, smooth 'unuave. and gives attachment 

the Arytsenoidei obliquns ucA transvorsus. 

The ankrolateral surface is somcivhat conv ex and rou^^ir. On it, near the 
of the cartilage, ?s a :*ourded elevation [colliculus) lioiu which a crest 
[(^riMfi a'^cnala) curvt at first backwards and tKen dowuwards . nd forwards 
to the (<*ai pioccsr. 'xiic lower part of this e.e'it interv'^enos between two 
(tcpresf<i''' M Of f('vcie, an upper, trrangular, ano a lower, oblong in shape ; to 
^ho iinp*'. ‘ tO ventricular ligament [i ached to the lower, the Vocalis 
and CricoaLvta’r'oideus lateralis. 

The mtiiial s^irface ^s uaiTow, oinocth, ai..I flat; it is covered by mucods 
tiembrane, and Torms tlio kii ral b.jpndary of be intercartilaginous part 
of the Hua glottidisj. 

Tlv^ ha each caridage ’s von vo, and on it is a smooth surface for 
articnia.ion with the c^’Icoici vartilage. tis Irtera) angle or rnikscular process^ 
short, round -d, aoM. prorainuuT*, pr ^ts backwards and lateralwards, anci 
gives insert ' -.0 t ; he Cricoar/rtionoidei.a posterior behind, and to the Crico- 
arytainoi<iceis ia< ra!i.' 'n front. Its ati^-erior angle or process is prominent 
and pointed it prujeck. horizontally fprwards and gives attachment to the 
vocal li|?cvinerir<. 

The apeu. (»^ cartilage curves backwards and medialwards, and i.s 
surmounted by ^',ie cor witiafe ( 'r^^7agc. 

The corniculate. c?"'^ *'ages (cartilages of Santorini) are two small conical 
nodules consisting of yoliow elas^ ic ciartlmge, vdilch articulate with the summit ' 
of thu arytienoid oar^dages and serve to proloxig them backwards and medial-’ 
wards, they are situated m the posterior parts of the aryepiglottic Jolds of 
muboiis membrane, and are sometimes fused with the arytmnoid cartilages. 

The cuneifomi cartilages (cartilages of W^hsiig) are two small, elongated 

{ >ieces of yellow CActSi .(? cartilage, placed one On either side, in the aryep^ottic 
old, where they give rise to small whiti^ elevations on the^smlacO erf the 
muopuis membrane, just in front of the corniculate cartilages. > 

The epiglottis is a thin lamella of yellow, fibrocartilage, r 

leaf, , and projecting obliquely upwards and, forii^ds behind the root Of the 
toqgue, in front of the entrance to the larynx.^ Tli^iree extremity ist'broad and 
roimded ; the attached part or stem is long, narrow^ and^;poim by an 
elastic ligament, the to the an)^e formed by the two 

laminse of the thyreom cai^ilage, a shozFdStanee belPw the superi^ thyrebid 
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K auterior surface is cOHuectM to thj uirper border 

^ elastic .j^amentous band, the h^v-ej^Mic 

The anteri^ or Zingf^ surface is r'>vrre on it« up,jer, free part b/ mucous 
membrane which is leSeoted on o " ae sides and root of the longue, forminc 
a median an^d two lateral glosso-c ^loUit folds: the lateral glosso-epiglottic 
folds are p^tly attached tt the /all of the php. ynx. The depressions between 
the epiglottis and the rc t of the tongue, on eit’irr side of the median fold 
are nanied the V 9 fycMl(B.{hg. 942'* Ihe lower part of this surface lies behind 
the hyoid bone, the hyothyreoid mojvirane, and tha jpner part of tlic Mmeoid 
cartilage, but is separat from these locturcs b. a ma.ss of faity tisane. 


Flo. 9J9.- -The !>>; rits »,f the Jarviix. An'"ii)'nii..!tl view. 



ha .V raJ h f^oihin'Loifl iiga mint 
it. nal laryngeal ntrvv 
~'\iJti\igotritic(a 

laryngial artery 


apfr nr I- r^t't 
‘ 'I'hyrcnn^ Hotel 


“ OblifpK hin 

-•Ccri'ir clti^tico.: {la^^rf' .■ 73, 

idle crki f }r v/V '/»•/ 

Inf trior !'( 


The posterior or laryngeal surface is smooth, pon.-avo he • r^ide cidt, 
concavoconvex from above downwards ; its lower pari proiecls backwards as 
an elevation, the titber^ or^cy^kion. When tl, muc us Piembrane is removed » 
the surface of the cartilage is seen to be indents d by a number of small pits! 
ill which mucous glands are lodged. The aiyepigloL: • folds are attar bed to 
the sides of the epiglottis. 

Strttc:ture.“-The cornirulate and cuneiform carti’..gcs, th -i-piglottis, and the apices of 
the arvtaanoidfe at first consist of hyaline cartilage, but Jater, cystic fibres are deposited 
, in the^atrixv converting them into yellow fibrocai-tilag.*, vdiicdi shows litth. tendency 
.^o caloifioation. The thyreoid, criepid, and the grentei part of the arytaiioids consist 
of hyani^e cartilajg;e, and become more or less ossified as age advances. Ossification 
commences about the twentv-fifth year' in the thyreoid cjrtiJagc, and somewhat later in 
;the and the arytaenoids ; by the sixty-fifth year these cai-tilages may be eompletdv 

into bone. r „ 

Liganients.--The lig<aneifliB of the larynx (figs. 939, 940) are (a) extrinak 
those CQnneoting the thyj^id cartilage and epiglottis with the hyoid bon©! 
and the cricoid oartilfige with the ti^Uea ; and (6) iiUrinsic; those uniting 
the oartil^es of the lai^nx to each' ot^er. . 
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Extrinsic Ugani^.4^T!he thyreoid cartilage is conneotfd to the hygid 
bone by the hyothjfreoic^ membrane, and by a middle and two meral hyothyreoid 
ligaments. 

The hyothyreoid rnernbrane is a broad, fibro-elastio layer, attached ‘ below 
to the upper border of the thyreoid caitilage and to the front of it» superior 
cornu, and above to the upper margin of the posterior surface of the body 
and greater cor^u of the hyoid bone, thus passing behind the posterior surface 
of the body of th^hyoid bone, and being separate from it by a bursa mucosa, 
which facilitates the upward movement of the lari^ during deglutition. 
The middle, thicker, prarti of the membrane is termed the midMe hyothyreoid 


Fig. 940.— The ligaments of the larynx. Posterior view. 

Jlyoid bone 



Cartihuyo tritieea 


Hyothyreoid membrane 


Corniculate cartilage 


Arytixno^d 

Poeterior cHco-arytetnoid 
ligament 


’•CricothyreoiA articulation 


ligament ; each of its lateral thinner portioriis is pierced by the superior laryngeal 
vessels and the internal branch of the superior laryngeal nerve. Its anterior 
surface is in relation with the Thyreohyoideus, Stemohyoideus, and Omo- 
hyoideus, and with the body of the hyoid bone. . ^ ” 

The lateral hyothyreoid ligaments are round elastic cords whieh .form 
posterior borders of the hyothyreoid membrane and pass between <tlj,0 tips 
of the superior cornua of the thyreoid cartilage the extremjiriids ,of the 
grater cornua of the hyoid bone. A 8ma|l cartilaginous nodule, ihe, 

is frequently foimd in each ligament. ‘ ^ ^ * 

An elastic band, the hyo-epighttic ligament connects the anterij^ ciim|lce 
of the epiglottis to the upper border of the body of the hyoid - ^ , ^ 

The crkotracheai ligament unites the lower of the 

with the first ring of the trachea. It is ^ontihubus bdiow witli.tbp;M 
membrane which unites the rings of the tradiOa^ ‘ 

''fynS^hsic ^i^antsnfo.-i^Beneath the mti96tia/mBinb7.a^ & a . 

broad eh^t td fibrous tissue eontidiiing fib^esl: 

dastk menArane of the larynx. It is enbdltidra ^ *^*^-* ^ 





mi 

ligaments; the upper pcnridon extends 
^ttlinoid ba^age and the epiglottis, and is often poorly defined ; 
;Xne io^er, paTt u a . well-marked membrane forming,' with its fellow of the 
jj®™®’ -J m elastioiiB, which connects we thjiTeoid, cricoid, and 

cartilages one to; another. The joints between the individual 
®*rj^e8 Me also ja-ovid^ with ligaments. 

(cricothyreoid membrane) is composed mainly of yellow 
eiMtic tissues It consists of an anterior 'and two lateral portions. The anterior 
E wwnofe cncotiij^eoMf ligament is thick and strong, narrow above and 
profsa' Deiow. It connects together the front parts of the contiguous margins 


Fig. 941. — A sagittal section of the larynx. 
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df the thyreoid and cricoid cartilages. It is ovorla])ped on either side by 
the Cricothj?Teoideus, but between those muscles it is subcutaneous ; it is 
crossed horizontally by a small arterial arch, formed by the junction of the 
two cricothyreoid arteries ; branches of this arch pierce th(‘ ligament. The 
UUerul portions of the conus elastic us are thinner ; they arc lined by the mucous 
metabrano of the larynx and covered by the Cricoarytaenoidei laterales and 
ThyreoaryfeDnoidei. They extend from the imier edge of the superior border 
of the cricoid cartilage to the inferior margins of the vocal ligaments, with 
wfaiph ihe^^ $Ere continuous: These ligaments may therefore be regarded 
as tlm f^e borders of the lateral portions of the conus elasticiis ; they stretch 
^ froi^ the vocal processes of the arytaenoid cartilages to the angle of the thyreoid 
oaHdplage about midway between its tipper and lower borders. 

’ jto strei^then^ posteriorly by a well-marked fibrous 

vbatid^ encloses the cujfljrqdial jo^t between the inferior cornu of the thyreoid 
aiidi jthb^rfcoid , * 

. to the cricoid by an articular capsule 

Sind a 'posterior ericOaxyt^oid . The articular cti^sule is thin and 

lO^, ^nd is al^ched to t]^ of the articular surfaces. The 

the cricoid to the media! andipb^t^dor ' 

part ^ tbebhseof tho a^'^^ ' ^ 
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The thyreo-epiglotiic ligament is a long, blender, elastic cofd which connectd 
the stem of the epiglottis to the angle of the thyreoid cartilage below the 
superior thyreoid notch and above the attachment of the ventricular ligaments. 

Movements. — The articulations between the inferior cornua of the thyreoid 
cartilage and the cricoid cartilage are diarthrodial, and permit of rotatory 
and gliding movements. The rotatory movement is one in which the cricoid 
cartilage rotates upon the inferior cornua of the thyreoid cartilage around an 
axis passing t*^*msyer.sely through both joints. The gliding movement consists 
in a limited sluftfhg of the cricoid on the thyreoid in different directions. 

The articulations , between the aryticnoid cartilages and the cricoid cartilage 
are also diarthrodial, and ])crmit of two varieties of movement : one is a rotation 


P'lG. 942. — Tlic toiigiiL* and tlio entrance to the lavynij 
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of the arytaenoid on a vertical axis, whereby the vocal process is moved lateral- 
wards or medialwards, and the rima glottidis increased or diminished; the 
other is a gliding movement, and allows the arytasnoid cartilages to approach 
or recede from each other ; from the direction and slope of the articular surfaces 
lateral gliding is accompanied by a forward and downward movement. The 
two movements of gliding and" rotation are associated, the medial gliding 
being connected with mcdialward rotation, and the lateral gliding with lateral- 
ward rotation. The posterior crico-aryt»noid ligaments limit the forward 
movements of the arytronoid cartilage on the cricoid. 

Cavum laryngis (figs. 941, 942).'-^Tfae camUj of the larynx exteuds from 
the laryngeal entrance to tho lower border of the cricoid caortilage, where it 
is continuous with the tube of the trachea. Tt is divided into two parts by 
the medial projection of the vocal folds, between which is a narrow triangular 
fissure or chink, the The poi;tion of the cavity above, the voOal 

folds is cdled the yestii^^Ch is wide above and narrow, below; near the 
eentre of its anterior wall is the low backward projection of the tubercle or 
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*s^^.,oushiion of the epiglottis^ The ventricular folds project into the lower part of 
ithe vestibule, and between them and the vocal folds are the vp^ricf^ of the 
darynx. The portion below the vocal folds is elliptical above, but lower down it 
widens, assumes a circular form, and is continuous with the tube of the trachea. 

The entrance to the larynx (aditus laryngis) (fig. 942) is triangular, wide in 
front,, narrow behind, and slopes obliquely downwards and backwards. It is 
bounded, in front, by the epiglottis behind, by the apices of the arytsenoid 
cartilages, the comiculate cartilages, and the interarytsenoid notch ; and 
on either side, by a fold of mucous membrane, enclosing ligamentoiis and 
muscular fibres, stretched between the side of the epiglottis and the apex of 
ihe arytfienoid cartilage; this is the aryepiglottic fold, on the ]iosterior ])art 
of the margin of which the cuneiform 

cartilage forms a more or less distinct Fig. 943.-~A coronal section of the larynx 
whitish prominence, the curheiforrn and the upper part of the trachea. 

The ventricular folds (false vocal 
cords) arc two thick folds of mucous 
membrane, each enclosing a narrow 
band of fibrous tissue, the ventricular 
ligament, which is fixed in front to 
the angle of the thyreoid cartilage 
immediately below, the attachment of 
the epiglottis, and behind to the 
anterolateral surface of the arytao- 
noid cartilage, a short distance above 
the vocal process. The lower border 
of this ligament, enclosed in thick 
mucous membrane, forms a free 
crescentic margin, which constitutes 
the upper boundary of the ventricle 
of the larynx. 

The vocal folds (true vocal cords) 
arc concerned in the production of 
sound, and enclose two strong bands, 
nained the vocal ligaments. Each 
ligament consists of a band of yellow 
elastic tissue, attached in front to the 
angle of the thyreoid cartilage below 
the ventricular" ligament, and behind 
to the vocal process of the arytojnoid. 

Its lower border is continuous with 
the lateral part of the conus elasticus. 

Its upper border forms the lower 
boundary of the ventricle of the larynx. Laterally, the Vooalis muscle lies 
parallel with it. It is covered meifially by mucous membrane, which is 
extremely thin, and closely adherent to it. ' 

The ventricle of the larynx is a fusiform fossa on either side, between the 
ventricular and vocal folds and extending nearly their entire length. The 
fossa is bounded above, by the free edge of the ventricular fold ; below, by 
the margin of the vocal fold; laterally, by the mucous membrane covering the 
corresponding Thyreoarytaonoideus. The anterior part of the ventricle leads 
up by a narrow opening into a pouch of mucous membrane of variable size, 
oalled the appendix. 

The appe^xsj^fjtbAJventricle (laiyngeal saccule) is a membranous sac, placed 
between the ventricular fold and the iimer surface of the thyreoid cartilage, 
occasionally extending as far as the upper border of the cartilage, or even 
higbef ; it is conical in. form, and curved slightly. backwards. On the surface 
of its mucous membrane axe the openings of sixty or seventy mucous glands, 
which are lodged in the submucous areolar tissue. This sac is enclosed in a 
fibrouS; capsule, continuous below with the ventricular ligament. Its medial 
surface is covered by a few ddieate muscular fasciculi, which arise from the 
apex of the arytondid cartilage and become lost in the aryc^iglottlo fold of 
mpeous membrane ; laterally it is separated from the thyreoid cartilage by 
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the Thyreoqpi^otticus. These muscles compr^ the bao» and exjfiw 
secretion it contains up&l the vocal fold to lubricate its sunaoes. i 

The rima ghttidis (%. 942) is the fissure bounded on hither rid^ Iqf tjie\ 
’ vocal folds in front, and the bases and vocal processes of the arytasnoid carialagha 



behind. It is therefore subdivided into an anterior intermembranous part 
(glottis vocalis), which measures about three-fifths of the length of the entire 
aperture, and a posterior intcrcartilaginous part (glottjs respiratom . Posteriorly 
it is limited by the mucous membrane passing between the a^^sahoid cartilages. 
The rima glottidis is the narrowest part of the cavity of the larynx, and its 
level corresponds with the bases of the arytenoid cartilages. Its length, in the 

male, is about 23 mm. ; in the female from 
Fiu. OJij. -A sidf! view of tlio larynx 17. mm. to 18 mm. The width and shape 

showhig tlio muscular attaohm. nfs of the rima glottidis vary with the move- 

ments of the vocal folds and arytenoid 
cartilages during respiration and phona- 
tion. In the condition of rest, i.e. when 
these structures are uninfluenced by 
muscular action, as in quiet respiration, 
the intermembranous pei^ is triangular, 
with its apex in front and its base behind 
— the latter being represented by a line, 
about 8 mm. long, connecting the antefior 
ends of the vocal processes — ^while the 
medial surfaces of the arytenoids are 
parallel to each other and hence the 
intercartilaginous part is rectangular. 
During extreme adduction ot the vocal 
folds, as in the omission of a high note,, 
the intermembranous part of the rima 
glottidis is reduced to a linear slit by the ^ 
apposition of the vocal folds; whfie the 
intercartilaginous part triangular, ita 
apex corresponding to the anterior ends of 
the Vocal processes of the arytenoids,, 
which are approximated by the xiiedial 
rotation of tue cartilages. ^ Coiivers^y jn 
extreme abduotion of the vocal lOl^, as 
in forced inspiration, the arytenoids apd 
their vocal processes are rotated lateral wards, and the interpaiHllaffmote ^ 

triangular in, shape but with its apex direst^ bi^wards: In ma oi^ditioii 
the nma glottidis is somewhat lozenge^ahaped, the^^d^ pf flhb 
part divergi^ from before backwards, tb<^ of the 
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^diverging from behind forwards — ^the widest part of the aperture corresponding 
'With the attachments of the vocal folds to the vocal processes. 

Muscles. — The muscles of the larynx are extrinsic and intrinsic. The 
former pass between the larynx and neighbouring structures, and are described 
in the s^tion on Myology ; the latter are confined to the larynx. 

The intrinsic muscles are : 


Cricoth^Teoideus, 
pars obliqua, 
para recto-. 

Cricoarytoonoideus posterior. 
Cricoaryticnoideus lateralis. 
Arytaenoideus tranaversus. 


Arytaenoideus obliquus. 
Aryepiglotticus. 
Thyreoarytoenoideus (externus). 
Vocalis. 

Thjnreocpiglotticus. 

Vcntricidaris. 


With the exception of the Arytaenoideus tranaversus all these muscles are 
paired. 


•Fig. 946.—' 


The muaclos of the larynx. 
Posterior view. 


Fig. 947. — The muscles of the larynx. Side 
\ie\v. The riglit lamina of the tliyn'oid 
eartilrtgi* has hef'n removed. 
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The (Mcothyreoidens (fig. 946), triangular in form, arises from the front and 
lateral part of the outer surface of the cricoid cartilage ; its fibres diverge, 
and are arranged in two gi'oups. The lower fibres constitutes tin; pars of)iiq;m^ 
afid slant backwards and lateralwards to the anterior border of the ijiferior 
cornu ; the anterior fibres form the jgarf recta and run upwards and backw aids to 
the posterior part of the lower border of the lamina of the thyreoid cartLlag('. 

The medial borders of the two muscles are separated by a triangular interval 
ocoi^ed by the subcutaneous part of the middle cricothyreoid ligament. 

Tne Gricoaryfeenoideus 2 >ostcrior (fig. 946) arises from the bi*oad depression 
cm the corresponding half of the posterior surface of the lamina of the cricoid . 
cartilage; its fibres, Erected upwards and lateralwards, converge to be 
into the back of the muscular process of the arytjonoid cartilage, 
5he h^faest fibres are nearly horizontal, the middle oblique, and the lowest 
almost vertioal. 

The lakraMs (fig. 947) is smaller than the preceding and 

O.A. 3t 
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of an oblong form. It arises from the upper border of the arch rf the cricoid 
cartilage, and, x>assing obliquely upwards and backwards, is inserted into 
the fj’ont of the muscular x)rocess of the arytsenoid cartilage. 

The ArjftoRiwidfMS transrerms (fig. 946) is a single muscle, filling up the 
posterior concave surfaces of the arytaenoid cartilages. It arises from the 
posterior surface and lateral border of the arytamoid cartilage of one side, and 
is inserted into the corresponding parts of the cartilage on the opposite side. 

The Arytmiudilvvfi obHqmiSy superficial to the Arytajioideus transversus, 
consists of t'vTJj f^s(*iculi, which cross each other like the limbs of the letter X. 
Each passes from the base of one arytsenoid cartilage to the apex of the other. 
A few fibres arts continued round the lateral margin of the cartilage, and arc 
prolonged int(j the nryepiglottic fold ; they constitute the Aryepiglottictis 
muscle. 

The Thyremrylccrinidcas (figs. 947 , 948) is a broad, thin muscle, which 
lies laterally to the vocal fold, the conus elasticus, the ventricle and the 

ventricular appendix. 1 1 arises in front 
Tfd. 048 . Mum Ios of iht' larynx, seen from from the lower half of the angle of the 
{F-nlarged.) thyreoid Cartilage, and from the middle 

cricothyreoid ligament. Its fibres pass 
backwards and lateralwards, to be in- 
sci tcd into the base and .anterior surface 
of the arytamoid cartilage. The lower 
and deex)er fibres of the muscle form 
a triangula r band which is inserted into 
the vocal m’oeess of the a-rytajnoid 
cartilage', and into the adjacent portion 
of its anterior surface;’ it is termed 
the Vocahii^, and lies parallel with the 
vocal ligament, to which it is adherent. 
A considiTable nninbev of ih(* fibres of 
the Thyreoarytanioideus are x>rolonged 
into the aryepigl(»ft’« fold, where 
some of tb(Mn are lost, wlnlo others 
ai'(‘ continued to the margin of the 
epiglottis, forming tlio llhyiXQ£pir 
(fjolfir ns : the Thyrcoepiglottici, together 
with the Aryepiglotti(ji, are some- 
tinu'S described as the Sphincter 
gloitidis. A few fibies extend along 
the wall of the ventricle from the 
latera! margin oi the Aryta-noid cntilage to the side of the epiglottis, and 
constitute the ]'ahtricffla7'h^ muscle. ’ 

Actions.--- The imiseies of the larynx may be conveniently divided into two 
groii])s, (1) those \\liioh open and close the glottis, viz. the Oriooarytatnoidei 
posleriorcs and laterales and the AryltCiioidei : (2) those which regulate the 
degree of tension of the vocal ligaments, viz. the Crioothyreoidei, the 
Thyreoarytaeiioidci. and the Vocales. 



'riu‘ Cricnanjfa noidci posferiof ra open the by rotating the nryticiioid cartilages 

outwards airjuud a vertical axis passing through the crico-arytfenoid joints, so that the* 
vocal pn;Lcss»'s aiul the attached vocal folds are separated. 

'J'he Cncooryifrnoidei Jateraleif close the glottis, by rotating the aryheiioid cartilages 
inwards so as to approximate the vocal processes. 

The ^Uylcrnoidei approximate the aryioinoid cartilages, and thus close the opening of 
the glottis, e.spiM'ially at its posterior pari. 

The Cricofhyrf aided produce tt'usion and elongation of the vocal ligaments by drawing 
up the arch of the evicend cartilage aud tilting back the upper border of its lamina; the 
distance between the vocal processes and tnc angle of the thyreoid is thus increased, and 
the vocal ligaments arc consequently elongated. 

The Thyreoarijiamoidci draw the urytF-noid cartilages forwards towards the thyreoid, 
and thus shorten and relax the vocal ligaments. At the same time they rotate the 
ar^^jnnoid cartilages inw ards and approximate thf* vocal folds. The deeper fibres, forming 
the Vocales, pro(liu*.c relaxation of the vocal ligaments. 

The manner in which the entrance of the larynx i.s closed during deglutition is referred 
to on p. 1075. 
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THE TRACHEA AND BRONCHI 

Mucous Membrane.— ;T]i 6 xnucoiis membrane o£ the larynx is continnous above )vith 
that of the mouth and pharynx, below with that ojE the trachea. It oovors, and is closely 
adherent to, the posterior surface and the upper part of the anterior surface of the 
epiglottis, and forms the ary epiglottic folds Mdiich bound the entrance of the larynx. It 
lines the cavity of the larynx; forms, by its reduplication , the chief parts of the ventri- 
cular folds, and is continued from the veutriclo into the ventricular appendix. The parts 
coverijig the vocal ligaments are thin and intimately adherent to them. On the anterior 
surface, and the upper half of the posterior surface, of the epiglottis, the upper part of 
the ary epiglottic folds, and the voeul folds, the epithcliimi of the mucous riieiribrane is 
of the stratified squamous type; patches of stratified squamous epithelium arc also found 
a|x>ve the glottis. The rest of the laryngeal mucous membrane is ccjvercd by columnar 
ciliated epithelium* 

Glands . — The mucous membrane of the larynx is furnished with numerous mucous 
glands; tht\y arc very plentiful upon the epiglottis, where they ai-e, lodged in little pits; 
many arc present In the margins of the aryepigloltio folds in front of the arytitnoid 
cartilages, where they are termed the arijtmnoid glands. Tlicy arc large and numerous 
in the ventricular appendices. The free edges of the vocal folds are devoid of glands. 

Taste~huds, similar to those in Ihe tongue, arc found over the posterior surface of 
the epiglottis, in the aryepiglottie folds, aiul less regularly in some other parts of the 
larynx. 

Vessels and Nerves.— The chief ti rt cries of the larynx are ihe laryngeal branches of 
the superior and inferior thyreoid artorjes. Tlie ccins accompanying the superior laryn- 
geal artery join the superior thyreoid vein which opens into the internal jugular vein; 
those accompanying tlie inlerior laryngeal artery join the inferior thyreoid vein which 
opens into the innominate vein. Tnc lymphatic vessels are tlivisible into two sets, a 
superior above, and an inferior below, the vocal folds; the sup«'rior vessels accompany 
the suj)erior laryngeal arteiy, ])ierce the hyothyrooid inenihraiif', and end in the deep 
ci'rvical lyrnpVi-glands situated near the )>il‘nrcation of ihe eernmon carotid artery; some 
of the inferior lymphatic vessels pierce* the middle cricothyreoid ligament and open into 
a lymph -gland lying in front of iliat liganieni or in fnmtnf ilu* upper part of the trachea, 
while others emerge below the cricoid eartiJsige aiui pass k> the dei^}> cervical lymph-glands 
and to the l^^mph-glaiuls alongside of the inferior thyreoid rtrtt^ry. 'Die nerves are derived 
from the internal and oxltn-u.d branches of the superior laryiigeal nerve, from the rocur- 
ronbiicrve. and fnan the jnpathetic. The internal laiyngeal branch is almost entirely 
sensory, but some motor iilaments an; said to be earric'd by it to the Arytieuoidcus, It 
enters the larynx througli ila* posterior part of the hyothyreoid mnnd^ram*. above the 
superior laryngeal artery, and divifJes into three branches; r>ne is distributed to both 
surfaces of tho epiglottis, a .s«*{‘ond to tlic ary epiglottic fo\’, and a third, ihe largest, 
supplies the. mucous mend)rane over tho hack of the larynx and cornnumicatos with the 
recurrent nerve. The external laryngeal hraiicli supplies the Oricothyreoideus by enter- 
ing its lateral surface. The recurrent nerve passes upwards beneath the lower border of 
tho Constrictor pharyngis inferior iniinodiately I'chhid the cricotliyrcoid joint. It 
supplies all tb^^ intrinsic musch?s of the larynx c\eepl the Cri(M>tb;. rcoideus, and perhaps 
a part of the Aryticnoidous. Tlie sensory brandies of the laryngeal in'rves form sub- 
epithelial ph'xuses, from w'hich fibres pass to eml between cells ct)venng tho mucous 
membrane. 


' JFuk Thaohba and Bi^oncmii (fig. Mi)) 

The trachea, or windpipe, is a cartilaginous and membranous tube, about 
Id cm. Jong, continued downwards from the lower part of tho larynx, and 
reaching from the level of the sixth ce&ical vertebra to that of the upper border 
of the’ fifth thoracic vertebra, Avhere it divides into two bronchi, one for either 
hmg. It is not quite cylindrical, being flattened ])OsteriorIy ; its diameter, 
from side to side, is about 2 cm. in the male and 1 *5 cm. in the female. In 
the child the trachea is smaller, more deeply phaced and more movable than 
in the adult. 

Relations . — In the neck its anterior surface is covered from above dowm- 
wards, by the isthmus of the thyreoid gland, the inferior thyreoid veins, the 
arteria thyreoidea ima (w-^hen that vessel exists), the Sternothyreoideus and 
Sternohyoideus muscles, the fascia colli, and, more superficially, by the 
anastomosing branches between the anterior jugular veins. Laterally it is 
in relation with the common carotid arteries, the right and left lobes of the 
th 3 nreoid gland, the inferior thyreoid arteries, and the recurrent nerves. 

In the llmux it lies in the superior mediastinal cavity, and is covered from 
before backwards by tho manubrium sterni, the remains of the thymus, the 
left innominate vein., the aortic arch^ the innominate and left common carotid 
arteries, and the deep mrt of the cardiac plexus. Posteriorly it is in contaot 
with the oesophagus. It is in relation on the right side with ihe j>lenra and 
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right vagus, and ijiear 'the root of the neck with the innohliitate Wtery ; (Hi 
the left side with the ti^t recurrent nerve, the aortic arch, and the left otanmon 
carotid and snbclaviah arteries (fig. 954). 

The rig(ht bronchus, wider, shorter, and more vertioaily directed than 
the left, is about 2'6 cm. long, and enters the right lunjg nearly ouposite the 
fifth thoracic vertebra. The azygos vein arches over it from behmd and 
the right pulmonary artery lies at first below and then in front of it. About 


Fio. 919. — A I'rout \iew of the cartilages of the larynx, trachea, and bronchi.. 



2 cm. from its commencement it gives of! a branch to the upper lobe of the 
right lui^ ; this is termed the eparterifU branch, because it arises dbbve the 
right pulmonary arteiy. The bronchus now passes bdow the artery, <s>nd is 
known as the ^yparterud branch ; this divides into two branoheafor thb middle 
and lower lobra of the Itmg. 

The left bronchus, narrower than tiie right, is ne^ly .6 cm. loagi and 
enters the root of the Idt lung opposite .the sixth thoracic;, vertebra. It 
beneath the acetic arch, and crosses in front of the ossophagns, ih& thora<*»e dmit, 
and the descending aorta ; the lehi pvlmionary art^.l^ at ahdv^ and. 
then in front of it. The,left bronchus has ho eparhsti^.lmnlich, ithdfhfore 
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swposed by Borne that there is no upper lobe to the left lung> and 
' upp^ lobe corresponds to the middle lobe of the right lung. 

^e further subdivision of the bronchi will be considered with the Btnicture 
; of the lung. 

^ II the trachea be cut across a short 
<^tanoe above its bifurcation, and the 
interior of the lower part viewed from 
abpve (fig, 960), it will be seen that, 
in most cases, the septum between the 
two bronchi lies on the left of the 
median plane, and the right bronchus 
appears to be a more direct continua- 
tion of the trachea than the left. 

A solid body dropping into the trachea 
would naturally be directed towards the 
right bronchus. This tendency is aided by 
the l^ger diameter of the right tube as compared a\ ith its fellow. These facts serve to 
explain why a foreign body in the trachea usually falls into the right bronchus. 


Pig. 960. — A transverse section of the 
trachea » just above its bifurcation. 



Structure (fig. 951). — The trachea and extrapulrnonary bronchi consist of a framework 
of. ii m^rfect rin gs of hyaline cqrtilag g^ united by fibrous and unstriped. musonlar ’tissue. 
They are lirieThy* mucous membrane. 

The cariilageB of the tracTien “vary from sixt een to twenty in number. J^iaeh ia an 
imperfect ring which occnipies the anterior tw'o-thircTs' or so of Ihprcirciunferonce of the 


Fig. 951.— a transverse section of the trachea. 
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trachea; behind, whore the rings 
are deficient, the tube is completed 
by fibrous tissue, suid unstripod 
muscular fibres. The cartilages 
are placed hoi*i /on tally above one 
another, and are separated by 
narrow intervals. They measure 
about 4 mm. in depth and 1 mm. 
in thickness; their external sur- 
facijs are fiattened in a vertical 
<lii‘('ctjou, but their internal ure 
couv(*x. Two or more of the carti- 
lages often unite, partially or com- 
pictely, and they are sometimes 
bifurcated at their extremities. 
They are highly «‘lastic, but may 
heeome calcified in advanced life. 
Fn tin* right bronchus the cartilages 
vary in number, from six to eight; 
in the left, from nine to twelve. 
They an* shorter and narrower 
tlian those, of the trachea, but have 
the same shape and arrangemeut. 
The first and the last tracheal car- 
tilages differ from the others <fig. 
949). 

The first cartihitje is broader 
than the rest, and often divided 
at one end; it is conneeb^d by 
the cricotracheal ligament with 
the lower border of the crir oid car- 
tilage, with which, or with the 
succeeding cartilage, it is soine- 
timuB blended. 

The last cartilage is thick and 
brcjad in tbe middle, in conse- 
(jui'iice of its lower border being 
prolonged into a triangular book- 
shaped process, which curves downwards aud backwards between the‘^twt> bronchi.* It 
forms on each side an imperfect rix\g which encloses the commencement of the bronchus. 
!Fhe cartilage above the last is fiK>uiewbat broader M its centre than tin* others. 

. The fibr6u$ The cartilages are enclosed in an elastic fibrous meTubrane, 

which oonsistS'of two layers, one; the thicker, passing over the outer surfaces of the 
riz^f the over the inner surfaces : at nppev and lower margins of tbe cartilages 
the two layers blend and form a stout membrane which connects the rings one with 
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another. Where the cartilageH are deficient posteriorly the membrane forms a single 
layer. 

The muscular tissue is placed within the hbrous membrane at the posterior part of 
the tube, and consists of two layers of nomstriped muscle, longitudinal and transverse^ 
I’ho longitudinal fibres are external, and consist of a few scattered bundles. The traws- 
versfi fibres (Trachealis inuscde) are internal, and form a tliin layer which not only extends- 
between tlie ends of thc^ cartilages but also passes across in the intervals between the 
cartilages. 

Mucous Mi^fqtaine. - "i’lie mucous membrane is continuous above with that of tho 
larynx, aijd below with that of the bronchi. It consists of areolar and lymphoid tissue, 
and presents a wcll-inarkod basement membrane, supporting a stratified epithelium, the 
surface layer of wliich is columnar and ciliated, while the deeper layers consist of ovc^l or 
rounded cells. IJciioath the basemolit membrane there is a layer of longitudinal elastic 
fibres with a small amcjunt of iutorveuing areolar tissue. Thfi submucous layer is com- 
posed of a loose mnshwork of connective tissue, containing large blood-vessels, nerves, 
and mucous glands; the ducts of the latter pierce the overlying layers and open into the 
trachea (fig. 1)51). 

Vessels and Nerves. — The trachea is supplied with blood mainly by the inferior 
thyreoid arteries. The veins end in the thyreoid venous plexus. The nerves are derived 
from the vagi .and the recurrent nerves, and from the sympathetic tranks; they arc 
disirihutod to ( ho Trachealis muscle and between the epithelial cells. 

Applied Anatomy. — Foreign bodies often find their way into the air-passages, and 
may consist of large soft siihstaneos, aN pieces of meat, which may become lodged in the 
entranee of the larynx, f)r in the rijna glottidis, and ciuise speedy suffocation unless 
rapidly got rid of, or unless an opening is made into the air-pa«snges below the obstruction, 
so as to enable the patient to breathe. Smaller bodies, fr-^ picntly of a hard nature, such 
as cherry or plum stones, small piece-; of bone, liuttou.;, &i\, may find their way through 
tlie rinia glottidis into the tracdiea or hronclii, or may lodge in the vtnitricle of the larynx. 
The dangers then depend not so nriuch upon the meehanieal ol)struction as upon reflex 
spasm of the glottis }>rn<hice(l by the irritation of the foreign body. When lodged in the 
vontriclo of tlu* larynx tlh' forcMgn body niay prodnee few symptoms, beycaid sudden loss 
of voieri or alteration iji tlie vmoe soinul'-i. When, however, it is situated m thi' trachea, 
it is constant!, N striking agMi^^t the. \oeaI folds during ('xpiratory efforcs, and thus pro- 
duces attacks of dy spun a from spasm of th(j glottis. When lodged in die bronchus, it 
usually becomes fixed tlieiv jul, occluding the lumen of the tube, causes a loss of the 
respiratory muriiim* on the alTecied side, aiiu may subsequently lead to purulent bron- 
chitis and gaJigreue of the lung. Foreign uodies should always be i*emo\ed fioiii ttic air 
passages as .soon as possible. 

Beneath the mucous inenibran of tin- upper part oi the air-passages there is a con- 
'siderablc amount of submucous tissue, which is hable to become much swollen from 
efiusion in inflammatory affections, constituting the condition kmovn as 'mdema of the 
glottis.* This effusion doi's not ex /end b«'low the level of the vocal folds, on account of 
the fact tliat the mucous rr jrnbrane closely adluTcnt to those structures without the- 
intcrventjo’i of any submucous tiss\ie. 1 1 oases of mdc^nia of tins glottis, in which it is 
necessary to open the air-passages to prevent suffocatif»n, tlie operation of laryngotorny is 
sufficient. Fjaryngeal or glottidean tcdcina may be secondary to some local inflammatory 
affection such as acute septic laryngitis, syphilitic laryngeal perichondritis, or malignant 
disease; or the o?de,rna may he passive (non inflammatory), consequent upon renal or 
cardiac mischief, angionourotic oedema. 

Ulceration of the larynx may occur from syphilis, l ithcr as a' superficial ulceration, or 
from the. softening of a guinrna; from tuberculous disease (laryngeal phthisis), or from 
malignant disease (epithelioma). 

The air-passages may be opened in three different situations : by a vertical incision 
through the centre of the thyreoid cartilage (thyreoUmy); through the middle crico- 
thyreoid ligament (laryngotorny) ; or in some part of the trachea (tracheotomy), 

Thyreoiomy is usually performed for the purpose of removing growths from the vocal 
folds or tor extracting foreign bodies from the ventricle of the larynx, A median incision 
is made from the upper border of the body of the hyoid bone to the lower border of the 
cricoid cartilage, and is carried through the subcutaneous tis-sues and deep fascia betweein 
the margins of the Stomohyoidci. An incision is then made in fhe middle cricothyreoid 
ligament, and oilo blade of a stout, sharp-pointed pair of scissors is introduced beneath 
the lower border of the thyreoid cartilage, and this structure is divided from below 
upwards. Great care must be taken to out exactly in tlie middle line to avoid Wounding 
the j7ooal folds. If the halves of the cartilage are now drawn apart, a very good view of 
the interior of the larynx wnll be obtained. 

Laryngotorny is a simple operation, and should be performed in those -coses where 
the air-passages require to be opened in an emergency for the reUef of some sudden 
obstruction to respiration. The middle cricothyreoid ligament is very superficial, being 
covered only by the skin, superficial fascia, and the deep fascia in the middle line. 
On either side it is also covered by the Stemohyoideus arwl Stemothyreoideus, which 
diverge from each other at their upper parts, leaving a slight interval between them. On 
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those muscles rest the anterior jugular veins. The cricoth^rooul artery crosses tht'- 
middle cricothyreoid ligament, and may be wounded, but rarely gives rise to any trouble. 
The operation is ‘^performed thus:’ the head being thrown back and steadied by an 
assistant, the finger is passed over the front of the neck, and the erieotbyrooid depression 
felt for. A vertical incision is then made through the skin in the middle line over this 
spot, and carried down through the fascia until the middle cricothyreoid ligament is 
exposed. A cross-cut is then made through the ligament close to the upper bordtn- of the 
cricoid cartilage, so as to avoid, if possible, the erieotbyrooid artery, and a laryugotoiny 
tube inserted. It has been recoinnicnded, as a inorf^ rapid way of perfonning tlio opera- 
tion, to make a transverse instead of a lougittidinai cut llirougb the superficial striu ture.s, 
and thus to open at once the air-passages. It will be se<'n, how-ever, that in operating in 
this way the anterior jugular veins are in danger of being wounded. 

Tracheotomy may be performed either above or below the isthmus of the thyreoid 
gland, or this structure may be divided and the tracliea opened behind it. Froiri the 
relations already described it must be evident that the traeliea can. bo more readily 
opened above than beloAv the isthmus. 

Tracheotomy above the isthmus is performed thus : the patient should, if possible, l)c 
laid on bis back on a tfible in a good light. A pillow is to bo placed under tlic shoulders 
and the head thrown back orjd steadied by an assistant. The surgeon standing on tlie 
right side of hia patient inakca an irutision from 1 cm. to 5 cm. long in the median lino of 
the nock from the top of the oricoid cartilage. x\fter the superficial structures have been 
divided, the interval betwi'en the SU'ruohyoidei must be found, th(i fascia divided, and the 
muscles drawn apart. 'J’lie lower border of the cricoid cartilage must now be felt for, and 
the \ipper part of the trachea exposed frtan this point downw'ards in the middle line. It 
has been recommended that the layer of fascia in front of the trachea should bo divided 
transversely at the level <'>f the lower border of the ericuid cartihig(‘, and, having hceu 
seized with a pair of forceps, pressed downwards with the handle of the* scalpel. this 
int'HTiR the isthmus of the thyreoid gland is depressed, and is s!ive<l from all danger of 
being wounded, and the trachea eleanl^x ex]>os(‘d. The traclica is now transfixed with a 
sharp hook and drawn forw’ards iii order to stcjuly it, and is tlien npeiu'd by inserting the 
i\iiiic, into it and dividing the upp«‘r Wo or three rings by cutting iipw ards. If the traclu'fi 
is to be ot)oued beneath the isthmus of the thyreoid glau<l, th(‘ incision must bo »iind(3 from 
a little below the cricfjid earlilage to tlio top of the sbu-num ; in this situaiiou the trachea 
is situated more deeph. 

A portion or the whole of the larynx may be removed for malignant disease,. It Trm\ 
be removed by a median incision through the soft parts, frerhig tin- cai’tilages from the 
irinseles and other structures in front, .separating the laiwnx from tlu^ trnt'.hea below, and 
dissecting it off from the df-eper structures from below upwards. 


Tiik Pi.EiiR i-: 

Each lung is investcMl by a delicate serous inembraru', the pleura, which 
is arranged in tlu* form of a closed invaginated sac. A [lortion of the serous 
membrane covers the surface of the lung and dips into the fissures be'tw^eeu 
its lobes ; ^t is called the pulnumary jdeura. The rest of the membrane lines 
the inner surface of the chest-wall, covers the Diaphragm, and is reflected 
over the structures occupying the middle of the thorax ; this ])ortion is t<TnH‘d 
the parietal pleura. The two portions are continuous with oiu; another round 
and below the root of the lung ; in health they are in actual contact, but the 
potential space between them is known as the pleura! cavity. When th<' lung 
collapses or when air or fluid collects betw('en tlu.‘ two portions the cavity 
becomes apparent. The right and left pleural sacs arc disliiu^t fi‘*)m one 
another, and only touch each other for a short distance in front, opposite 
the, setj&nd and third pieces of the sternum. The inteiv al bc'tween the two 
sacs is termed the mediastinal cavity. The right pleural sac is shorter, wider, 
aniixeache^ higher iii the neck than the left. 

Pulmonary pleura. — The pulrturmry pleAira is inseparably connected with 
the lung. It covers the surfaces of the lung, including thost* which bound the 
fissures between the lobes of the lung ; it is wanting only at an area 
where the lung enters and along a line extending downwards fr<UTi this 
and marking tne attachment of the pulmonary ligament. 

Parietal pleura. — Different portioas of the parietal pleura have received 
special names, which indicate their positions ; that lining the inner surfaces 
cf the ribs and Intercostales is the costal pleura ; that clotlilug the thoracic 
, surface of the Diaphragm is the diaphragnmtic pleura ; that which ascends 
into the neck over the summit of the lung is the c^ipubi of thfi pleura ; and that 
which* is applied to the other thoracic viscera is the mediastinal pleura. 
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Coalal phura (figs, 952, 953). — Tbe costal pleura lines the ribs and int^costal 
muscles, and is easily separated from them. In front it begins behind the 
sternum where it is continuous with the mediastinal pleura. The line of 
juncjtion of the two ])arts extends from behind the sternoclavicular Joint 
downwards and medialwards to reach a point in the middle line behind the 
sternal angle. From this ])oint the lino differs on the two sides. On the 
right side it is continued down to the posterior surface of the xiphoid process. 
On the left it cibseeitds to the level of the fourth or the upper border of the fifth 
costal cartilage and then diverges lateralwards and is continued down close to the 
lateral margin of the sternum to the level of the sixth c«)stal cartilage. On 


Fio. 052. — A frout viow pf the thorax, showing the rolatiniis of the pleurae 
and lungs to the chest wall. 



either side the costal pleura sweeps lateralwards, lining the inner surfaces ot 
the costal cartUages, ribs and Intercostales, and at the back of the thorax 
passes over the sympathetic trunk and its branches, and on to the sides erf the 
bodies of the vertebrae, where it again becomes continuous with the mediastinal 
pleura. Above, the costal pleura is continuous with the cupula of the pleura 
at the inner margin of the first rib. BeIow% it is continuous with the diaphrag- 
matic pleura along a line which differs slightly on the two sides. On the 
right side the lino begins behind the xiphoid process, and runs downwards 
and backwards behind the seventh costal cartilage, and reaches the mid- 
axillary line at the level of the tenth rib ; from here the line ascends somewhat 
to reach the level of the spinous process of the twelfth thoracic vertebra. On 
the left side the line follows at first the ascending part of the sis^th costal 
cartilage, but in the rest of its course as slightly Tower than that on the 
right side. 
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IH^hmgnnUic pleura . — The diaphragmatic pleura is thin, and covers the 
upper surface of its corresponding side of the Diaphragm. The outer part 
of its circumference is the line described above, along wich it is continuous 
with the costal pleura. Mediedly it Is continuous with the mediastinal pleura 
along the line of attachment of the pericardium to the Diaphragm. 

. Gvpula of the pleura. — This, the cervical portion of the pleura, is the con- 
tinuation of the costal pleura over the apex of the lung. It begins along the 
inner border of the first rib and extends mcdialwards and upwards to the apex 
of the lui^ ; it then descends along the side of the trachea to become con- 
tinuous with the mediastinal plemas# The cupula of the pleura, is strengthened 
by a domelike expansion of fascia (Hibs(m*8 fascia) attached in front to the 
inner border of the first rib and behind to the anterior border of the transverse 


process of the seventh cer- 
vical vertebra ; it is covered 
and strengthened by a few 
spreading muscular fibres 
derived from the Scaleni. 

Mediastinal jdeura . — The 
mediastinum or middle por- 
tion of the thorax contains 
the heart, enclosed in its 
pericardium, the great vessels 
entering and leaving the 
heart, and the cesophagiis 
together with other struc- 
tures described on p. 1035. 
Over these is placed the 
mediastinal pleura. Above, 
it is continuous with ihe^ 
cupula of the pleura ; below, 
with the diaphragmatic 
pleura ; in front and behind, 
with the costal pleura. Its 
arrangement is complicated 
by the fact that the struc- 
tures forming the root of the 
lung (viz. bronchus, pul- 
monary vessels, &;c.) carry 
forward this part of the 
pleura to the surface of the 
lung. Above the root of 
the lung ‘ the mediastinal 
pleura is a continuous sheet 
between , the sternum and 
vertebral column. At the 
root of the lung it is carried 
lateralwards as a tube of 


Fia. 953. — A latc^ral view of the tliorax, showing 
the relations of the plciirie and lungs to the 
chest wall. 



PlouriD iu blue ; liing!» in purple. 


serous membrane enclosing the stnictnrcs of the lung-root and passing into 
continuity with the pulmonary pleura. Below the lung -root the mediastinal 
pleura extends as a bilaminar layer from the side of the pericardium to the 
mediastinal surface of the lung, where it is also cimtinuous with the pulmonary 
pleura. This bilaminar layer is continuous above with the tube investing 
the Jung root ; below it ends in a free falciform border. It is named 


the puknomry ligament^ and serves to retain the lower part of the lung in 
position. • 

The inferior limit of the pleura is on a considerably lower level than the 
corresponding border of the lung, but does not extend to the attachment of 
the Diaphragm, so that below the line of reflection of the pleura from the 
chest-wall to the Diaphragm the latter is in direct contact with the rib cartilages 
and the Intercostales iilterni. Moreover, in ordinary inspiration the thin 
inferior margin of the lung does not extend as low as the lino of the pleural 
reflection, witibi the result that the costal and diaphragmatic pleurse are here in 
cemtaot, the int^vening nairow dit being termed the phrenia^j^^^ 
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A similar condition exists befiind the sternum and rib cartilages, where the 
anterior thin margin of the lung falls short of the line of pleural reflection, 
and where the slit-like cavity between the two layers of pleura forms what 
is called the costgmediastinal sinus. 

Structure* — The free surface of the pleura is smooth, and moistened by serous 
Like other serousL/nembraaes, it is covered by a single layer of flattened nucleated cells, 
united at their edges by coiriont substance. These cells are modified conneetive tissue 
corpuscles, and rest on a basement membrane. Beneath the basement membr^e 
there art* networks of yellow (dnstic and white fibres, imbedded in ground substance which 
also contains connective tissue cells. Blood-vessels, lymphatics, and nerves are dis- 
tributed in tht*. substance of the pleura, and the lymphatics communicate with the pleural 
cavity by means of stomata or openings betw'eon the flattened cells. 

Vessels and Nerves. - -Thi' arteries of the pleura are derived from the intercostal, 
ititcnial mammary, rnusciilophroriic, thymic, pericardiac, and bronchial vessels. The 
veins conespoinl to the arteries. Tlio lymphatics are described on p. 730. The nerves 
are derived from the phrenic nerve and from the sympathetic trunk. Kblliker states that 
nerves acecanpiuiy tbe raniifications of the'lminchial arteries in th«^ pulmonary pleura. 

Applied Anatomy. — Aciitf*. inflammation of the pleura, or pleurisy f may be either dry 
or wot, and, if wet, either serous or purulent. Dry pleurisy is common in pneumonia, 
and is often an early nmiiifestatioii of tuberculosis. It gives rise to much paiu, and to 
friction sounds due to the scraping to and fro over one another of the inflamed and 
roughoncMi parietal and pulmonary plenrie. Wet pleurisy occurs if tin*, inflammation 
causes the effusion of serum into the pleural cavity. TIuj two pleural layers are now 
separated by the fluid effusion, so the friedion sounds ar<‘ no longer produced. Room 
is found for the fluid by sbriTikage of the su 2 )ernatanl lung due to the retraction of its 
clastic tisane, and later, when the quantity of .serum exceeds about 1*5 litre, by shifting 
over of the heart and unaffecled lung towards the sound sich‘. Tliis shifting may bo so 
extensive that the apex heat of the heart eonu's to lit*, under the right mammary papilla. 
Any pleural effusion hat is large. eTjr)Ugh to embarrass respiration seriously, or has 
remained unabsorbed for two or three wts'ks, should be ^‘enioved by tapping (puracoutesis 
thoraeis). The trocar is i)nslied through the chest-wall into tlie fluid, ui the sixth or 
seventh intercostal space in the midaxillary line, or ir the (‘ighth or Minth space just 
outside the angle of the sca^^uia. .‘Vsiurjition is then f>(‘rformcd, and as much fluia as 
possible drawn »*ff : it must be stopped, howovor, if tlie patient shows signs of collapse, or 
it fits of coughing occur and tbre 'ten to wound the expanding hnig agairif j tbt? sharp end 
Iff th<; trocar. Non.infla?nmatory or passive cffu.don into th(*. phuini, called hydrothorax, 
is often sem in the later stages of cl.ronic ivnal or cardiac disease,' and demands treatment 
on lines similar to the above. 

Purulent ple-ural ('ffusinii, or empyema, often occurs after such dis(‘aseH ns pTumirionhi 
or measles. This condition rcquiri'-s drainage of the cavity, which usually necessitatcR 
excision a portion of a rib. An iiioi.'iion is made down to the sr-venth or eighth rib 
in the r.fld-*or posterior axilla ”y line and tli 3 perioatruu) is incised, and separated from 
the body of the rih, carrying with it the structures in the costal groove. With bone- 
cutting forceps about 4 ein. or 5 cm. of the rib are separated and n'lnoved, and the under- 
lying pleura is inci.sed. The pus having boon evacuated, a large drainage tube is inserted 
into the cavity. The ideura should never he irrigated, as sudden death has followed this 
proceeding, and great care should bi: taken to prevent the tube from slipping into iho 
cavity, an occurrence which is far from imcominoji. 

Pneumothorax, or the presence of gas in the pleural cavity, is a common terminal 
event in tuberculosis of the lungs; less often it is due to trauma — ruptur (3 of tlie lung, for 
example, when the chest is crushed, or tearing of tlje lung-tissue by the sharp projecting 
end of a broken rib. Air escapes from the lung into the pleural cavity; the elastic tissue 
of the lung at once contracts, and finally that oi’gan shrinks away to a dark rounded mass 
the size of a fist, lying close against the vertebral column. Tho symptoms of pneu- 
mothorax arc often very severe; cyHiK)S)s. intense dyspftcca, groat pain on the affected 
side, and cardiac failure. Their severity is increased by the fact that tho blood-vessels of 
the collapsed lung offer less resistance tl) the circulation of the blood than do those of the 
other lung. Not only, tlierefore, does tho soimd lung suddenly liave to take over the 
work — the aeration of the blood — normally performed by both lungs, but it has to do so at 
the moment when the circulation of bloo^ through it^is partially short-circuited by the 
collapsed lung. If the ])atient survives for a few days, empyema often complicates the 
pneumothorax, setting up the condition called pyopneumothorax. During the last few 
\ oars a valuable method of treating selected cases ot pulmonary tuberculosis by the estab- 
lishment and maintenance of an artificial pneumothorax on the affected side, causing 
collapse of the diseased lung, has been employed. 

In operations upon the kidney, it must be borne in mind that the pleural cavity usually 
extends below the level of the medial portiem of the last rib, and may therefore be opened 
in these operations, especially when the last rib is removed in order to give more 
room. 
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Twe Mediastinal Cavitv 

The mediastinal cavity is the space between the right and left pleurae. 
It extends from the sternum in front to the vertebral column behind, and 
contains all the thoracic viscera except the lungs. The cavity may be divided 
for purposes of description into two parts : an upper, the mperior mediastinal 
cavity t above the pericardium, and a lower, which is subdivided into three 
parts, viz. : that in front of the pericardium, the anterior mediastinal cavity ; 
that containing the pericardiiini and its contents, the middle mediastinal cavity ; 
and that behind the pericardium, the posterior mediastinal cavity. 


Fio. 954. — A transver*o section through the thorax .'ifc the Itivol of the iii'pcr 

margin of the second thoracic vert(^brft. (Ib'aiiiio.) 
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Tho superior mediastinal cavity {lig. iiw belwcM-n the luanubrium 
flterni in front, and Ihe upper four thoracic vcrtobrjc behind. It is bounded 
below by a slightly oblique plane passing from the junction of the manubrium 
and body of the sternum to the lower part of the bo<ly of the fourth thoracic 
vertebra, and laterally by the pleurae ; above, by tlu; piano of the thoracic 
inlet. It contains the origins of the Rternohyoidei anfl Sternothyreoidei and 
the lower ends of the Longi colli ; the aortic arch ; the innominate artery 
and the thoracic portions of the loft common carotid and ihe left subclavian 
arteries ; the innominate veins and the upper half of ihe superior vena cava ; 
the left first intercostal vein ; the vagus, cardiac, phrenic, and left recurrent 
nerves ; the trachea, uesophagus, and thoracic duct ; the remains of the thymus, 
and some lymph-glands. ...... .j 

The anterior mediastinal cavity (fig. fiM) exists only on tho left side 
where the left pleura diverges from the mid-sternal line. It is bounded in 
front by the sternum, latci’ally by the pleuric, and behind by the pericardium. 
It is narrow above, but widens out a little below. . Its anterior wall is formed 
by the left Transversus thoracis muscle and the fifth, sixth, and seventh left 
c^al cartilages. It contains a quantity of loose areolar tissue, some lymphatic 
vessels which ascend from the convex surface of the liver, two or three wterior 
mediastinal lympli-glan^, and the small mediastinal branches of the internal 
mammary artery. 
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The middle mediastinal cavity (fig- 965) i» the broadest part 6t the hito;;' 
pleural space. Tt contains the heaH enclosed in the pericardium, the asoending 
aorta^ the’ lower hall of the superior vena cava, the tenninal part of the azygois 
vein, the bifurcation of the trachea, the two bronchi, the pulmonary artery 
dividing into its right and left branches, the right and left pulmonary veins^ 
the phrenic nerves, and some tracheobronchial lymph>glands. 

The postep^ mediastinal cavity (figs. 966, 956) is an irregularly shaped 
space running parcel with the vertebral column ; it is boimded in front by the 
pericardium above, and by the posterior surface of the Diaphragm below, 


Pig. 956. — A diagram of a transverse section of the thorax, showing the contents 
of tlic middle and posterior mediastinal cavities. 
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behind by the vertebral column from the lower border of the fourth to the 
twelfth thoracic vertebra, and on either side by the mediastinal pleura. It 
contains the thoracic part of the descending aorta, the azygos, hemiazygos, 
and accessory hemiazygos veins, the vagus and splanchnic nerves," the 
oesophagus, the thoracic duct, and some lymph-glands. 

1 

Applied Anatomy^, — Primary tumoura of the mediastinum are usuall.^ sarcoma or 
carcinoma arising frortf the th.ymus or the mediastinal lymph-glands. Lymphosarcoma, 
ombryoma, and dermoid cysts occur more rarely. These tumours, give rise to pain, 
defonnity of the chest, and symptoms of pressure on the nerves, bloo<l -vessels, air- 

n ss, lymphatics, and oii the cesophagus, as these various structures pass through 
orax. They may produce physical sign«< very much lilto those of an aortic 
aneurysm, so that diagnosis between the two is often diihcult. The prognosis is bad, the 
condition usually proving fatal within a few months or a year of the onset of the 
symptoms. 

Inflammation of the mediastinum due to wounds, or to the spread of iofiamma^on 
from adjacent parts (e.g. the oesophagus, the pericardium), is sometimes acute, leading 
to abscess-fonnation. A more chronic form associated with adhesions and inSammatiosi 
of the pericardium — ^the so-called chronic adhesive mediostinopericarditis — ^giv^ rise to 
obscure symptoms suggesting gradual heart-failure, and leads to death slowly sutety| 




THE LUHClS 


li037 


Fio. 066.-»73ie superior, and posterior mediastinal cavities, viewed 

from the left side. 



Thb Lungs (Pui-mones) 

« 

The lunges are the essential organs of respiration ; Uiey are two in inunbor, 

S laced one on either side within the thorax, and separated from each other 
y the heart and other contents of the mediastinal cavity (fig. 957). The 
substance of the limg is of a light, porous, spongy texture ; it floats in water, 
and csepitfbtes when handled, owing to the presence of air in its alveoli ; it 
is also, highliy ^festic ; hence the retracted state of these organs when they 
ai^ iendov^ from the closed cavity of the thorax. The sunaco is smooth, 
sluing, and nicked out into numerous polyhedral areas, indicating the lobules 
of the orgail ; each of these areas is crossed by numerous lighter lines. 

At birth the lungs Sfre pinkish-white in colour ; in adtilt life the colour 
is a dark ^ty-gr^,^ mbttied in patches ; and as age advances, this mottlmg 
assumes bla^ colour. The colouring matter consists of granules of a 
Carboh^ceoi^ substance deposited in the areolar tissue near the surface of tibe 
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organ ; it inoreaBOs in quantity as age advances, and is more abundant in males 
than in females. As a rule, the posterior border of the lung is darker than 
the anterior. 

The right lung usually weighs about 625 gm., the left 667 gm., but much 
variation is met with according to the amount of blood or serous fluid the^ 
may contain. The lungs are heavier in the male than in the female, their 
proportion to th^body being, in the former, as 1 to 37, in the latter as 1 to 43. 

Each lung is oofiieal in shape, and has an apex, a base, three borders, and 
two surfaces. 

The is rounded, and extends into the root of the neck, reaching from 
3 cm. to 4 cm. above the ieveJ of the sternal end of the first rib. A sulcus 


Fio. 957. — A.frohi.view of the heait and lungs. 



runs upwards and latcralwards immediately below the apex ; on the right 
lung this sulcus is produced by the innominate artery, on the left by the 
subclavian artery. 

The base is broad, concave, and rests upon the convex surface of^ the 
Diaphragm, which separates the right lung from the right lobe of the liver, 
and the left lung from the loft lobe of the liver, the stomach, and the spleen. 
Since the Diaphragm extends higher on the right than on the left side, the 
concavity on the base of the right lung is deeper than that on the left. Laterally 
and behind, the base is bounded by a thin, sharp margin which projects for 
some distance into the phrenicocostal sinus of the pleura, between the lower 
ribs and the costal attachment of the Diaphra^. 

The cental mrfac^ is smooth, convex, of considerable extent, and corresMnds 
to the form of the cavity of the chest, which is deeper behind than in front. 
It is in contact with the costal pleura, and exhiMts, in specimeoB which 
have been hardened in situ, slight grooves corrospoilding vritH the over* 
lying ribs. 


THE LUNGS 
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The medmstinal surface is in contact with tho mediastinal pleura. On 
it is a deep concavity, the cardiac impression, which accommodates the ^ri- 
cardium ; this concavity is larger and deeper on the left than on the right 
lung, because the heart projects farther to the left than to the right side of 
the median plane. Above and behind this concavity is a triangular depression 
named the hilum, where the structures which form the root of the lung (p. 1041) 
enter and leave the viscus. These structures are invested by pleura, which, 
below the hilum and behind the pericardial impression, forms the pulmonary 
ligament. On the night lung (fig. 95B).. immediately above tho hilum, is an 
arched furrow which accommodates tho azygos vein ; while running upwards, 
and then arching lateralwards some little distance below tho apex, is a wide 


Fig. 968, — ^The mediastinal surface of the right lung. 
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groove for the sui)erior vena cava and right innominate 'vein ; behind this, and 
nearer the apex, is a furrow for the innominalo artny. Behind the hilum 
and the attachment of tlic pulmonary ligament is a vorticjal groove for the 
oesophagus ; this groove becomes less distinct below, owing to the inclination 
of the lower part of tho oesophagus to the left of the juiddJe line. Tn front 
and to th(5 right of the lower part of the oesophageal groove is a deep con- 
cavity for the extrapericardiac portion of the thoracic part of the inferior 
vena cava. On the left lung (fig. 959), immediately above the liilum, is a 
well-marked curved furrow produced by the aortic arch, and running upwards 
from this towards the apex is a groove accommodating the left subclavian 
artery ; a slight impression in front of the latter and close to the margin of 
the lung lodges the left innominate vein. Behind il)e hilum and pulmonary 
ligament is a vertical furrow produced by tho descending aorta ; and in front 
of this, near the base erf the lung, the lower part of tho oesophagus causes a 
shallow impression^ 

The inferior border is thin and sharp where it, separates the base from the 
costal sunace and extends into tho phrenicocostal sinus ; medially, where it 
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divides the base from the mediastinal surface, it^is blunt and rounded. The 
poaterior border ya broad and rounded, and is received into the deep cohcavity 
on either side of the vertebral column. It is much longer than the anterior 
border, and projects, below, into the phrenicocosta] sinus. 

The anterior border is thin and sharp, and overlaps the front of the peri- 
cardium ; that of the right lung is almost vertical, and projects into the costo- 
mediastinal sinus ; that of the left presents, below, an angular notch, the cardiac 
nctcht in the pericardium is exposed. Opposite this notch the anterior 

margin of the left lung is situated some little distance laterally to the line of 
reflection of the corresponding part of the pleura. 

Fissures and lobes of the lungs. — ^The left lung is divided into two lobes, 
an up]>er and a lower, by a fissure which extends from the costal to the medi- 


Fig. 0.09. — The mediastinal surface of the left lun*?. 
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astinal surface of the lung both above and below the hilum. As seen on the 
surface, this fissure begins on the mediastinal surface of the lung' at the upper 
and posterior part of the hiluiU; and runs backwards and upwards to the 
posterior border, which it crosses at a point about 6 cm. below the apex* It 
then extends downwards and f<^r wards over the costal surface, and reaches 
the lower border a little behind its anterior extremity, and its further course , 
c*in bo followed npw’ards and backwards across the mediastinal surface '.as 
far as the lower part- of the hilum. The superior lobe lies above and in front 
of this fissure, and includes the apex, the anterior border, and a conMderable 
part of the costal surface and the greater part of the mediastinal surface of 
the lung. The inferior lobe, the larger of the two, is situated below and behind 
the fissure, and comprises almost the whole of the base, a large portion of tbe 
costal surface, and the greater part of the posterior border. 

The right lung is divided into three lobes, superior, middle, 'wd inferior, by 
tw'o fissures. One of these separates the inferior from the middle and au^arior 
lobes, and corresponds closely ^th the fiissure in the left lung^. 'Its direction 
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however, more v^ical, and it cuts the lower border about 7-6 cm. behind 

anterior extremity. The other fissure separates the superior fipom the 
middle lobe. It begins in the previous fissure near the posterior border ol 
the lung^ and, rtinxiing horizontally forwards, cuts the anterior border on a level 
^th the i^mal end of the fourth costal cartilage ; on the mediastinal surface 
it may ]b© traced backwards to the hilum. The middle lobe of the right lung 
is small and wedge-shaped, and includes the lower part of the anterior border 
and the wterior part of ^he ba^se of the lung. 

The right lung, although shorter by 2*5 cm. than the left, in consequence of 
' tlio Diaphragm rising higher on the right side to accommodate the liver, is 
broader, owing to the inclination of the heart to the left side ; its total capacity 
and weight are greater than those of the left lung. 

Roots of the lungs. — little above the middle of the mediastinal surface 
of each lung, and nearer its posterior than its anteiior border; is the root of 
the lung, by which the lung is united to the heart and the trachea. Tlio root 
is formed by the bronchus, the pulmonary artery, the two pulmonary veins, 
the bronchial arteries and veins, the pulmonary plexuses of nerves, lymphatic 
vessels, bronchial lymph-glands, and areolar tissue, all of which are enveloped 
by pleura. The roots ojE the lungs lio opposite the bodies of the fifth, sixth 
gjod se venth thyi^ic yeriebrac. That of the right lung lies behind the superior 
vena cava and'part of the right atrium of the heart, and below the azygos 
vein. That of the left lung is below the aortic arch and in front, of the descending 
aorta. The following relations are common to the two lung-roots, viz. : in 
front, the phrenic nerve, the pericardiacophrenic artery and vein, and the 
anterior pulmonary plexus ; behind, the vagus and posterior pulmonary 
plexus ; below, the pulmonary ligament. 

The Chief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz. ; the upper of the 
two pulmonary veins in front ; the pulmonary artery in the middle ; and 
the bronchus behind, with the bronchial vessels on its posterior aspect. Their 
arrangement differs from above downwards on the two sides ; on the right 
side their position is — (iparterial bronchus, pulmonarv artery, hyparterial 
bronchus, pulmonary veins ; but on the left side their position is — ^pulmonary 
artery, bronchus, pulmonary veins. The lower of the two 'i)ulnionary veins 
is situated below the bronchus, at the apex or lowest part of the hilum 
(figs. 958, 059). 

Divisions of the bronchi. — Just as the lungs differ from each other ui 
the number of their lobes, so the bronchi differ in their mode of subdivision. 

The right bronchus gives off, about 2*5 cm. from tho bifurcation of the 
trachea, a branch for the superior lobe. •This branch arises above the level 
of the pulmoqary artery, and is therefore named the eparlerial bronchua. All 
the other divisions of the main stem come off below tho pulmonary artery, and 
are consequently termed hyparterial bronchi. The first of these is distributed 
to tho middle lobe, and the main tube then passes downwards and backwards 
into the inferior lobe, giving olF in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and 
there are usually four of each. The branch to the middle lobe is regarded as 
the first of the ventral series. 

The hft bronchus passes below the level of the pulmonary artery before 
it divides, and hence all its branches are hyparterial ; it may therefore bo 
looked upon as eqrdvalent to that portion of the right bronchus which lies on 
the distal side of its eparterial brwch. The first branch of the left bronchus 
arises 'about 5 cm. from the bifutoation of the trachea, and is distributed to 
the^ superior lobe. The main stem then enters the inferior lobe, where it 
divides into ventral and dorsal branches similar to those in tho right lung. 
The branch to the superior lobe of the left lung is regarded as the first of the 
ventral series. * 

Structure. — The lungs are composed of a serous coat, a subserous areolar tissue, and 
the pulmonary substance or par^ebyma. , 

The 9 erou 8 coat is the pulmonary pleura (p. 1051) ; it is thin, transparent, and invests 
‘ the entire organ as far as tlra root. 

.s The $ubaer0U9 areolax imuB ‘contains a large proportion of elastic fibres ; it inv^xsts the 
'entire surface of the lung, and etttnda inwards between tho lobules . 
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^0 cbijftposod of lobules . 

by inteUoFul^ W(06& iisSue, are quite clistinot frp^ bhe anoiiber, ^4 > 

may be teased asunder without much difficulty. The lobules vary in siae^ the' 

surface are. Jar^e, of pyramidal |orm, the bases turned towards the surfaoe'^ iho^e to the- - 
interior ffi^Uer, and of various forms. Each lobule is compos^ of a tobulat hroxiohibte 
aiul itoteimiiiil air-cells, and of the ramifications dl the pulmonary and hrcnbhial vessels, 
lymphaties, airii^ffves ; all of these structures ^eing connected tog^her ifeolar ' 
tissue. ■ ^ . ■ ' ■ r ’ 

The i^fiirajiuh nonary bronchi divide and suMivide throu^out'the entito organ,, 
smallest subdivisions oonstituting the , ^'he larc(££,^4i^,tjiioni cbn;si6t 

of ; (1) an oute r c oat: pf fibrous tissue in which are found at intervals irregular pl|4j^,of . . 
hyaline^ cwtilag^^^^ developed at the poiitoJ of dj^Vision; (2) i ntoy h^ to the nbrouk 
coat/ a Kyeip of circularly disposed smooth muscular fibres, the htonchfjB^llls^UBcle; * and 
(3) most internally, tKe m ucou s m embrane > lined by coIunmar^ctolKfce^lj?^ resting ' 

on a basement membrane, ‘ffle "miicous -membrane' contains numerous elnst^,:^res 
running longitudinally, and a certain amount of lymphfiidL tissue; it is traversed!:^ the 


FiCf. Q60. — A section of the lung of a cat, showing the^terminaUon.of a 
brouchus. X 50. 



ducts of mucous. glands, the acini of w'hich lie in the fibrous coat. The lohuhr hronchiclca 
are 'about 0*2 mm. in diameter; they differ from the larger tubes in containing no 
cartilage and in the fact that the ciliated epithelial cells are cubical in shape. 

Each bronchiole ends by opening into a wider space known as the point 

of junction of the two being marked by a circular thickening of the bronchial muscle, and 
by a transition from the ciliated epithelium of the bronchiole to a layer of flattened non- 
cilia ted cells. The vestibule divides into from three to six passages called These, 

are lined by flattened non-ciliated epithelium. From each amum aVise.^o oJr more 
infundibula, elongated passages, lined by simple squamous epithelium and bee^on all. 
sIdpsVy hemispherical alyeoli or air-cells (flg. 960). ^ a ~ 

The abeoZt are lined by a layer of simple s^amous epithelium, the cells pf which are 
united atiheir edges by cement substance, n^tween toe squatnous oeUs are bare, ^d 
there smaller, polygonal, nucleated Cells. Outside the epithelial Hntog.is a uttla Jeneate 
connective tissue, containing numerous elastic .fibres and a close neiworJc of hibod- 
capiHaries, and forming a common wall to adjaceiit atoedli i(fig* 961); \ , 

The foetal lung resembles a gland to that thealveoli Imve h ' 

by cubical epitheUnm (fig. 962b After the first .respiration the alyec^ » * 

and the epithelium tokes-on the characters describe above. /* - ' 

Vessels and Nerves.—- The pulmonarf urter^ conveys the yenotts to lungs;' ’ • 
it divides into branches which accompany the bronebiai tuhea andi^^d 
lary networh in the walls of the tofondibuki'^aQd alveoli: hrteriaa' 

lobules are independent .of one another. , 

. The.jp^Tmotiary capillafiaa form plexuses, wtoch Hc 
epithelium, to the walls and septa bf fhe^iViltdi^aiid id 
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;l)etwe©i). the the cApUlary network fbms e single layer, the mesbeS of whi<^h Are 
nmsiler than the- vessels themselves; their walls are also exceedingly thin. 

" The pulmonary, mine arise from the pulmonary capUlaries, the radicles coalescing 
into larger branches which run through the substance of the lung, independently of the 
pulmonary arteries and bronchi. After freely communicating with other branches tliey 
form large vessels, which ultimately come into relatioti with the arteries and bronchitii 
tubes, and accompany them to the h&um of the lung, the artery Usually being above, and 
the vein below, the bronchus. Findly they open into the left atrium bf the heart, oon- 
v(^ying oxygenated blood to l^e distributed to all parts of the body by the aorta. 

The bronchial artefiet supply blood for the nutrition of the lung; they are derived 
iroin the thoracip.aorta or from the upper aortic intercostal arteries, and, accompanying 
the bronchial tubes, are distributed to the bronchial glands and upon the walls of the 
larger bronchial tubes and pulmonary .vessels. Those supplying the bronchial tubes form , 
in the piuscajj^.coat, a capillary plexus' from which branches are given off to form a 
second plexiis in the mucous ^at; this plexus communicates with branches of the 
pulmonary artery, and empties ftself into the pulmonary veins. Others are distributed 

Fjo. 961. — A section of the lung of a kitten. Silver preparation. x350. 
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mail f/ranular Vf.lh 
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in the interlobular, areolar tissvie, and end partly in the deep, partly in the superficial, 
bronchial veins. Lastly, some ramify upon the surface of the lung, beneath the plcp.ra, 
where they form a capiUory network. 

The bronchial veins, usually two on either side, arc formed at tljc root of the lung, and 
receive superficial and deep veins corresponding with branches of the bronchial arteries ; 
they do not, however, receive all the blood conveyed by the arteries, as some of it passes 
into the pulmonary veins.^ The right bronchial veins end in the, azygos vein, the Igft 
bronchial veins in the leflsuperior iatercoatal vein or the accessory Uemiazygos vein. 

The lymphatics of the lungs are described on p. 738, 

Nerves, — ^The lungs are supplied from the anterior and post^i’ior pulmonary plexuses, 
formed ohiefiy by branches from the sympathetic and, vagus. The filaments from these 
plexuses accompany the bronchial tubes, supplying efferent fibres to the bronchial muscle 
and aff .to the bronchial, muqous membrane and to the alveoli of the lung. 
Sm all g anglia are found upon these nerves. 

Applied Anatomy. — ^The lungs may be wounded or tom in three ways : (1) by eom- 
. pression of the chest, without any injury to the ribs; (2) by a fractured rib penetrating 
the lung; (3) by stabs, gunshot wounds, etc. 

The first form, whore the lung is ruptured hy external compression, without an^y 
frahthr<>of the ribs, is very rare, and usually occurs in young children, and affects the root 

the i.e» the most fixed part, and thus, implicating the great vessels, is frequeptty 
It would seem a priori k most unusual injury, and its exact mode of causation is 
dittbulit to' interpret. 

In the second variety, when the wound in the lung is produced by the penetration Of 
,a broken rib, hotk the costal pleura and pulmonary pleura must necessarily be injttred, 

, tapA oonseq^o^tly the air taken into the wounded alveoli may find its way through these 
tissue of the parietes of the chest, producing mraical emphy- 
:]6emai, This it may do without coQecttng in the pleural cavity; the two layers of the 
pleura a^e so ihidmatety inoohtaot that the mr passes straight through from the wounded 
, fun^intd the snheutanec^ tissue; ^ifiphysemaconsri^^ therefore the most important 
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sign of injury to the lung in ^ascs of fracture of the ribs. Pneumothorax, or air in the 
pleural cavity, is much more likely to occur in injuries of the third variety — ^that ia to say, 
from external wounds, from stabs, gunshot injuries, and such like — ^iu which case air 
passes cither from the wound of the lunjg or from the external wound into the cavity of the 
pleura during the respiratory movements. In these cases there is generally no emphy- 
sema of the subcutaneous tissue unless the external wound is small and valvular, so that 
the air is draTyiVii^^ \^’o\md during inspiration, and then forced into the cellular 
tissue during oxptetion because it cannot escape from the external wound. Ocoasion- 
ally in wounds of the parietes of the cheat no air finds its way into the cavity of the 
pleiira, because the lung at the time of the accident protrudes through the wound and 
blocks the opening. This takes place where the wound is large, and constitutes one form 
of hernia of the lung. Another form of hernia of the lung occurs, though very rarely, 
after wounds of the chest- wall, when the wound has healed and the cicatrix subsequently 


Fig. 962. — A section of tbci lung of a pig-embryo, 13 cm. long, showing the 
glandular character of the developing alveoli. x70. (J. M. Flint.) 



a. Interstitial connective tissue, 6. A bronclkial tube. c. Au alveolus. I. Ijymphatic clefts, p. Pleura. 


yields from the pressure of the viscus behind. It forms a globular, elastic, crepitating 
swelling, which enlarges during expiratory efforts,, falls in during inspiration, and 
disappears on holding the breath. 

An incision into the lung is occasionally required in cases of abscess the result of 
pneumonia or the presence of a foreign body , and from an abscess in the liver which has 
made its way through the Diaphragm into the lung substance, and also in cases of 
hydatid disease. In these cases thoro is alv^ays risk of haemorrhage, and ic has been 
recommended that the lung tissue should be penetrated by the actual cautery rather than 
with the knife. Unless adhesions have formed between the two layers of the pleura, the 
pleural cavity must necessarily be opened, and there is the further risk of pneumothorax,, 
and possibly of septic infection. It is therefore advisable to suture the lung to the 
opening in the thoracic wall, and wait for adhesions to form before perforating m© lung* 

The routine methods of physical examination — inspection, palpation, percussion, and 
auscultation — are nowhere more important than they are in ttie diagnosis of disease of 
the lungs. It is essential, too, that in every case the two sides of &e chest should bo 
compared with* one another, end that the wide variations that may be met with under 
normal conditions in different persons end at different ages should bo kept in mind when 
the chest is being examined. On inspection the thorax will be seen to be eidarge'd and 
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barrel-shaped in emphysema, in which the volume of the hmgs is increased by dilatation 
of their alveoli, or in an acute attack of asthma, or when a large pleural effusion or medi- 
astinal tumour is present. The cheat- wall will be flattened or sunken, on the other hand, 
over an area of lung that has collapsed or become fibrosed, as often happens in chronic 
puhnonarv tuberculosis. The respiratory movements of the chest-wall will be lessened, 
or even absent, over a part or the whole of the affected side in such acute disorders as 
pleurisy, pneumonia, or pleural effusion, or in more chronic disease where the inaderlying 
lung is fibrosed, or is crushed to one side by a mediastinal tumour; and by the use of the 
^-rays a corresponding loss of movement or displacement of the Diaphragm on the affected 
side can often bo observed. Under normal conditions the intercostal spaces are a little 
depressed ; but when a large effusion or now growth fills up one of the pleural cavities 
they may bo obliterated or even bulging on that side. 

On palpation the band can be used to verify the eye’s impressions as to the degree 
of movement, on respiration, of any part of the chest- wall. The facility with which the 
vibrations produced by the voice are conducted from the larynx by the underlying lung 
to the hand (in the form of vocal fremitus) c.an also be tested. Tbe vocal fremitus is ifoni- 
monly much increased over the consolidated area in pneumonia or in fibrosis of the lung, 
and much diminished over a pleural effusion when the lung is pushed up by the fluid 
towards the top of the pleural cavity. It is also diminished, but to a less extent, in 
emphysema, and in bronchitis when tlie bronchi are blocked by secretion. In bronchitis 
the bubbling of the secretion in the tubes can often be felt by a hand placed on the chest- 
wall as the patient breathes ; and in chronic pleurisy the friction of the two roughened 
pleural surfaces against one another can sometimes be felt in the same way. It must bo 
remembered that the vocal fremitus in front and behind is normally greater at the right 
apex than the left. This is because the apex of the right lung lies in close contact with 
the trachea (see fig. 054), while the apex of the left lung is separated from it by the 
ecsophagus and other structures. 

On percussion j the normal resonance of the pulmonary tissue is fo\ind to bo increased 
in emphysema, and in pneumothorax (p. 1034) this hyper-resonance may bo still fui-ther 
increased. The resonance is lessened in any condition causing collapse or solidification 
of the lung-tissue, or when its place is taken by fluid (pleural effusion) or some solid 
growth (mediastinal tumour). Thus dulness on percussion at the bases of the lungs is 
common in the hypostatic congestion of the bases seen in heart-failure; dulness at the 
right base is often due to compression of the lung by enlargement of the liver; some 
dulness at the apex of a lung is frequently mot with in t\iberciilosis of that part, before the 
disease has progressed very far. Complete dulness over one side of the chefe.t, back and 
front alike, except at the apex, is common when a largo ple nal effusion has taken the 
lung’s place. Von Koranyi, Grooco, and others have drawn attention to a triangular 
patch of dulness along the vertebral column (the paravertebral triangle of dulness) on the 
unaffected side in pleural effusion ; this triangle of dulness is said to be absent in other 
<3onditions causing loss of pulmonary resonance on percussion, and is duo to shifting over 
of the contents of the posterior mediastinal cavity rewards thc3 sound side. The apex of 
this triangle is in the middle line at the upper level of the fluid effusion; its base, some 
5 cm. to 10 cm, in length, runs horizontally outwards from the middle line at the level 
where the pulmonary resonance normally comes to nii end. 

On ausculfaiion of the lungs, both in health and disease, the variety of sounds to be 
hoard is very great. It is impossible to give adequate consideration to them here, and 
for further information reference should be made to the text-books dealing with the 
subject,* 


DIGESTIVE APPARATUS 

The apparatus for the digestion of the food consists of the digestive tube 
and of certain accessory organs. 

The digestive tube* about 9 metres long, extends from the mouth to 
the anus, and is lined throughout by mucoiis membrane. It consists of the 
following parts : at its commencement is the mouth, where provision is made 
for the mechanical division of the food {mastication), and for its admixture 
with a fluid secreted by the salivary glands (insalimtion) ; beyond this are 
the organs of deglutition, the pharynx and the oesophagus, which convey the 
food into the stomach, where the first stages of the digestive process take place ; 
the stomach is followed by the small intestine, which consists of three parts, 
the duodenum, the jejunum, and ileum In the small inte>stine the process 
of digestion is completed and the resulting products are absorbed into the 
blood and lacteal vessels. Finally the small intestine ends in the large intestine, 
which is made up of the ccscnm, the colon, the rectum, and the arud canal, the 
last terminating on the surface of the body at the anm, 

*See especially Au»evJlt€Ui&n and JPercussion, by Samuel Gee. Edit. 5, 1900. Smith, 
Elder & Co. “ 
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Tho accessonr ordains ar© the ieeih,^ for purposes of the 

three pajis of saiwaty glands — ^thc parotid^ stAinaxi^ and eyiUiihgv/tidr^ 
secretion from \iviijch mixes with the food in the mouth And acte cjihemicaUy 
on one of its constituents ; the liver and the pancreas, two lai^ge glands in 
the abdomen, the secretions of which, in addition to that of numerous minute 
glands in the of the alimentary canal, take part in the process of digestion. 


The Mouth Cavity (Cavum obis) 

The cavity of the mouth is placed at the commencement of the digestive 
tube (fig. 963) ; it consists of an outer, smaller portion, the Ygatifejite, and an 
inner, larger part, the month cavity, proper. 

The vestibule of the mouth is a slit-like space, bounded externally by the lips 
and cheeks ; internally by the gums and teeth. It communicates with the 
surface of the body by the rima or orifice of the rnouth. Above and below, it 
is limited by tho reflection of the mucous membrane from the lips and cheeks 
to the gums covering the upper and lower alveolar arch respectively. It 
receives the secretion from the parotid salivary glands, and communicates, 
when the jaws are closed, with the m^uth cavity proper by an aperture on 
either side behind,the wisdom teeth, and by nairow clefts between opposing 
teeth. ^ 

Tho mouth cavity proper tfig- 984) is bounded lateraflfy and in front by 
the alveolar arches with their contained teeth ; behind, it communicates 
with tho pharynx by a constricted aperture termed the isthmus fa^icium. Its 
roof consists of the hard and soft palates, while, the greater part of the floor 
is formed by tho tongue, the remainder by the reflection ot the mucous membrane 
from the sides and under surface of the tongue to tho gum lining the inner 
surface of the mandible. It receives the secretion from the submaxillary 
and sublingual salivary glands. 

Tlic 7 nucou 8 membrane lining the mouth is continuous with the skin ut the free 
margins of tho lips, and with the mucous lining of the pharynx behind; it is of a roR(‘ 
pink tinge during life, and very thick where it overlies the hard part.3 bounding tin* 
cavity. It is covered by stratified squamous epithelium. ” 

The lymphatics of tho mouth are described on p. 717. 

The lips oris), tho two fleshy'^ folds which surround the rima or orifice 
of the numth, are formed externally of skin and internally of mucous membrane, 
between wliich are found tho Orbicularis oris muscle, the labial vessels, some 
nerves, areolar tissue, and fat, and numerous small labial glands. On the 
middle })ait of the outer surface of the upper lip is a shallow vortical ^oove 
named the philtrum which ends below in a slight prominence and is limited 
on either side by a ridge. Tho inner surface of eetch lip is cozinected in the 
middle line to the corresponding gum by unfold of mucous membrane, the 
that of the upper lip being the larger. 

The labial glands are situated between the mucous membrane and. the 
Orbicularis oris, round the orifice of the mouth. They are circular in form, 
and about the size of small peas ; their ducts open upon the mucous membrahe. 
In structure they resemble the salivary glands. 

Tho cheeks (bucese) form the sides of the face, and are continuous in front 
with the lips. T^y are composed externally of skin, and internally of mucous 
membrane ; between these are a muscular stratum, and a large quaiitity of fat, 
togethqi' with areolar tissue, vessels, nerves, and buccal glands. . 

The mucous membrane lining the cheek is reflected above ^ and below upon gums* , 
and is continuous behind with tho lining membrane of the soft palate. Oja^sim^tlie 
second upper molar tooth is a papilla, on the summit of which the paxbtid auct^ opi^s. , 
The prineipal muscle of the cheek is the Buccinator; but others enter into its lorbaa^qn^ 
vir. file Zygomaticus, Bisorius, and Platysma. . ; 

The buccal glands are pished between the mucous xnembraim, and the Bueoissi^r 
muscle ; their Structure is similar to that of the labial glands. , iC'ouk Ct five, larger tlm / 
the rest, and placed between the Masseter and' Buccinator musd^.ai^ad 
extremity of the parotid duct, are called Minlar I their ducts ^pen^ in ttiS 
the last molar to<>th. , .. 

; ^,!&Ei»'lymphaties qI the cheeks/and lips are desicribed bn^py 71%, < 



^ the i^k» iA tiEie 

^thf. .^e’EOit^AQecQthil^ by ^oe<^' and T^tdiif rntmotift menihr ^i^j -u rMnlt 
>S reiitaxliial^^^v limit^^ 'flensihUit^. At^t^’ibUe necks of the tec^h this 

Ew. ^.— A „B8^ttat section of the noM, mouth, phai;^, sndlarj'nx. 


Hypophyeii 


Pharyngeal 




of atlas 


tptstropheus 
Oral pan of 


epistropheus 


1 V r I, if. 






' ^ 1 * 5 . 




mi 


Epiglottis 




'jSlSSiw^''' 


Aryepiglottic fotd( 


(friedid eartilage>> 




f 


■// 


Frenulum lingua! 
M ylokyoidcus 
Hyoid hone 
Thyreoid cartilage 

V €ntri>cular fold 

Vocal fold 

Cricoid, cartilage 


Ml 


Isthmus of thyreoid gland 


^pillae, and is reflected into the alveoli, where 
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line in cases of lead pdisonin^ , due to the local deposit of hlftck lead sulphide. In cases of 
bismuth poisoning^ such as may occur after the too generous use of insoluble bismuth 
salts in the surgical treatment of gunshot wounds, a very similar but more diffuse black 
line due to the local deposit of black sulphide of bismiith may appear, together with 
patches of minute black dots about other parts of the mucous membrane of the 
mouth. The collection of tartar, which consists of the secretion from the gums mixed 
with fragments of food and salivary salts, may give rise to a condition known as pyorrhoea 
alveolartSf whi^^is an inflammatory condition of the gums, followed hy the gradjml 
absorption of the'^lvcolus and the falling out of the teeth. Fibrous tumours (epulis), 
myeloid growths, and epitbcliomata are met with in the gums. 

The palate forms the roof of the mouth : it consists of two portions, the 
hard pamte in front, the soft palate behind. 

The hard palate (fig. 971) is formed by the palatine processes of the 
maxilhe and tlie horizontal parts of the palatine bones ; it is bounded in front 
and at the sides by the alveolar arches and gums ; behind, it is continuous with 
the soft palate. It is covered by a dei^se tissue, formed by the periosteum and 
mucous membrane, which arc intimately connected. Along the middle line 
is a linear raphe, which ends anteriorly in a small papilla corresponding with 
the incisive canal. On either side and in front of the raphe the mucous mem- 
brane is thick, pale in colour, and corrugated ; behind, it is thin, smooth, 
and of a deeper colour : it is covered with stratified squamous epithelium, 
and furnished with numerous palatine glands which lie between the mucous . 
membrane and the periosteum. 

The soft palate (fig. 984) is a movable fold, suspended from the posterior 
border of the hard palate, and forming an incomplete septum between the 
mouth and pharynx. It consists of a fold of mucous membrane enclosing 
muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and mucous 
glands. When occupying its usual position (i.e. relaxed and pendent) its 
anterior surface is concave, and marked by a median raphe. Its [posterior 
surface is convex, and continuous with the floor of the nasal cavities. Its 
superior border is attached to the posterior margin of the hard palate, and 
its sides are blended with the pharynx. Its inferior border is free. The lower 
portion of the soft palate hangs like a curtain betw^con the mouth and the 
pharynx, and is termed the palatine vdum. 

Hanging from the middle its lower border is a small, conical, pendulous 
process, the palatine uvula ; and arching lateral wards and downwards from 
the base of the uvula on either side are two curved folds of mucous membrane, 
containing muscular fibres, called the arcAe^ of pillait^ ojj^ejatices (p. 1072). 

The .itacowa membrane of the soft pale to Is thui, and covered with stratified squamous 
epithelium, excepting near the pharyngeal ostium of the auditory tube, where it is 
columnar and ciliated.* Beneath the mucous membrane on the oral surface of the soft 
palate is a considerable amount of adenoid tissue. Tho palatine glands foimi a continuous 
layer on its posterior surface and round the uvula. 

Vessels and Nerves. — ^The arteries supplying tho palate are the ascending palatine 
branch of the external maxillary artery, the descending palatine branch of the internal 
maxillary artery, and the palatine branch of the ascending pharyngeal artery. The veins 
end chiefly in the pterygoid and tonsillar plexuses. The lymphatic vessels pass to tho 
deep cervical lymph-glands. The sensory nerves are derived from th6 palatine, naso- 
palatine and glossopharyngeal nerves. 

Applied Anatomy, — The occurrence of a congenital cleft in the palate has been already 
referred to as a defect in development (p. 2fi4). After the operaMon for the closure of a 
cleft in the palate, the palatine muscles, especially tho Tensor and Levator yeli n^tini, 
have a tendency to retard the healing process by active traction upon the line of suture. 
To obviate this, it is necessary to divide them. This is best done by making lor^tudinal 
incisions, on either side, parallel to the cleft and just medial to the pterygoid hamulus, 
in such a position as to avoid the descending palatine artery* Acotiited perforations of 
the palate are almost invariably tho result of the breaking down of s;j^hilitia' guminata. 
'rhe ensuing ulceration may continue until practically the whole palate, both hard and 
soft, has been destroyed. Tumours of the palate, both innocent and zAjalignant, are 
occasionally seen. 

Paralysis of the soft palate often occura after diphtheria. It gives rise to a change in 
the voice, which becomes nasal, and to the regurgitation, of fluias dowh.tbe liCse when 
their swallowing is attempted. On inspection^ the palate is seen tp hang flaccid and 
motionless when phonation or deglutition la attempted*, it ia alsp antss^tic^^ ; . 
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The Salivary Gi^nbs (fig. 966) 

Three p^s of gkxids commumcate with the mouth, and pour 

their secretion into its cavity : they are the parotid, submaxillary, alid sub- 
lingual. 

Parotid gland. — ^The parotid gland (figs. 964, 966), the largast of the 
three, ^ has an average weight of about 25 gm . It lies upon the side of the 
face, immediately below and in front of i/iie external ejir. The main portion 
the gland is superficial, somewhat flattened and quadrilateral in form, and 
is placra between the ramus of the mandible in front and the mastoid process 
and Stemocleidomastoideus behind, overlapping, however, both boundaries. 
Above, it is broad and reaches nearly to the zygomatic arch ; below, it tapers 


Fig. 964. — The right parotid gland. Posterior and tlcep aspects. 


Parotid duct ^ :* 1* ^ 

xjm 

Portion in front of styloid process 
1 mpression for styloid process 

JSxternal carotid artery 


Posterior facial vein 



Superficial temporal artery 


Impression for external acoustic 
meatus 


Portion behind styloid process 


Impression for mastoid pro-^ 
cess and Stemocleidomas- 
toideus 

Impression for Digastriens 


somewhat to about the level of a line joining the tip of the mastoid process 
to the angle of the mandible. The remainder of the gland is irregularly wedge- 
shaped and extends deeply inwards towards the pharyngeal wall. 

The gland is enclos^ within a capsule continuous with the fascia colli 
(deep cervical fascia) ; the part covering the superficial surface is dense, closely 
adherent to the gland, and attached to the zygomatic arch ; a portion of 
the) fascia, attached to the styloid process and the angle of the mandible, is 
thickened to form the stylomandibular ligament which intervenes between 
the mrotid and s\ibmaxillary glands. 

llie.rtJiienGr surface of the gland is grooved, being moulded on the posterior 
border of the ramus of the mandible, and on the posterior borders of the Ptery- 
goideus; interns' and Masseter. The inner lip of the groove dips, for a short 
difitaiice, between the two Pterygoid muscles ; the outer lip extends for some 
dis^ce over the superficial sunace of the Masseter, and a smsdl portion of it 
ihimcM&tely belbw the zygomatic arch is usually detached, and is named the 
. aceemri^ of the gland. 

pwmor mrfaee is grooved longitudinally and abuts against the external 
meatus, the thastpid process, and the anterior border of the Sterno- 
pkidpmaBtoxdeqs. 

The slightly lobulated, is covered by the skin, the 

sUpetfipiel facial branches of the groat auricular nerv^ 

and soime l;^ph*^glands, and by the fascia which forms the capsi;de 
of the glaiidi ^ ' 
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The inwntdfi by jh^ra.^ tw^ jttooasww,- , . . . 

lies on the DigaBiri(^tMi,?Bt 3 ^oid Mocess, and itlw ^yikijq^|EKnl|> crf’.iXtiaiS®!^ 
projects und^r the' ^astc^ process and SteInOjl^dldozn{U9tbHto^p'r/,^^' , 
is situated in front <oi the styloid prbcessj- tiid' awfietiittea'''B«s6(|^A^^^ 
posterior paxt of the mandibular fossa beMnd the. tempteomttOiifrbtill^' jcstittv 
ft deep suif^uie is in ccmtact with the internal and extenud carotid tl^ 

if internal j;ugtdar J%|, and the vagus and ^o^pliarwipsal nerves.;, r , ' ' • ' . ; C 
* The gland is separated from the phar 3 mgeal' wall by acune loow dMit^tiw. 

\J/^ructv,re» within the gland . — ^The extermd carotid artery lies at 
'^he deep surface, and then in the substance of the gland. The iute^ 
ofi its posterior auricular branch which emerges from the ^nd behind the ' 
artery then divides into the internal maxillaTy and suporflciaTtempoBal arteries 
thejformor runs forwards deep to the 'neck of the mandible ; the latter runs' 


•I 


Fig. 965. — The right parotid gland. Deep and anterior aspects. 


Parotid duct 



j Impression for mandible 


Superficial temporal artery 
Internal maxillary artery 

Portion in front of 
'styloid pr0teee 
Portion behind 
styloid process 


Impression for 
styloid process 


External carotid artery- 


Posterior facial vein 


upwards across the zygomatic arch and gives off its truQsVerse facial branch 
which emerges from the front of the gland. Sup^oial to the arteries are 
the superficial temporal and internal 'maxillary veins, uniting ,to fonp the 
posterior facial vein ; in the lower part of the gland this vein qilitoj^to anterimr 
and posterior divisions. The anterior division em«^^ from the (^and and 
unites with the anterior facial .vein to form tlm conunoh facial vblu^ ; the 
posteriOT unites in the gland with the.' posterior aurioid^ vein 'to furiu the ^ 
ternal jugular vein. On ^ still more superficial idane is the iaciiaL,n^e,^.w 
'SSasSIieira wEtdr emerge from the bordm of the gU^. BrUfiobes c^;t^9?eat . 
anriculai^ nerve pierce the gland to join the fociu nerve, ^ and 
part of the auriculotemporal nerve issUealTom upper i#e ■ 

pafotld duct (Stensen’s du ctUfig, IWfi y is idmut jk^k> it bep^. 
by numerous bjioc&e§ frcmlSHnailSiQr ,]^ m ^-j^snd, 
and at the anterior border this mitscle turuii^wwtds peany ' 

passes through the corpus ^posum pf the 
It thenimns iat a short distance obUqd^^'frBnra^;^. 
and mucous membrane of the mouth, lUcsf^op^lUpOhi . 
oral mifacB of theeheek opposite the aeOi^'u^lfir pdw 
the Ifasseter it tecisives tne.duet at 
, Ikehetmenthe bi^k^hes of;1lie fadohimtei^^ae. 

■ L'..... -i,. . ..u. ^ 





f- ‘ ■, 8Ifl8MA|3feTAttl^4tAyD '^'''lOBI,' 

Stn]^ture»-7->^{io wall of tlm ^ 6 ti<l;dUct is of eonsidcr^iblo ti^ibkoess, and ooctsUis of a 
Hack exteitnai fibrous, coat which cbntiilns unatriped modular fibres, and a& internal 
^ucous coat wbiah is lined with short columnar epithelium » Its canal is about the sire 
dta crow-quill, but at its. orifice on the oral surface of the cheek its lumen is greatly 
reduced kt siae. ' ^ 

Veasela and Nervea«'r-Tho q2teM.ai^Iying the parotid gland are derived from th^ 
external carotid, and from the branches given ofi by that vessel in or near the gland. 
The veins empty themselves into the external jugular, through some of its tributaries* 
The lymphatips end in the superficial and deep cdrvical lymph-glands, passing in their 
course through two or three lymph-glands, on .the surface and in the substance of the 
parotid. Thejgygjrees are derived from the facial, auriculotemporal and great auricidar 
nerves and fromtSe plexus of the sympathetic on the external carotid artery. It is 
probable that ^he branch from the auriculotemporal nerve is derived from the glosso- 
pharyngeal through the otic ganglion ; at all events, iu some of the lower animals this has 
: been proved experimentally to be the case. 

Subtnaxillarv gland. — ^The submaxillarj^ gland (fig. 966) ih irregular in 
form and about the size of a walnut. A considerable part of it is situated in the 


Fid. 906. — A dissection showing tlie salivary glands of the right side. 



submaxiljtpa^ reaching forwards to the anterior belly of the Diga^tricus 

and to the stylomandibular ligament, which intervenes between 

it and.€he mrotid gland. Abov^, it exited under cover of the body of the 
; below, it usually overlaps the intermediate tendon of the Digastrieus 
tjfie:^Nertioii the Stylobyoideus, while from its deep surface a tongue-like 
extends forwards above the Mylohyoideus muscle. 

JU of an upper and a lower part. The upper 

. submaxiU^y depression 

, .. , . > and jpertly on the Ptearygoideus 

J dirijiiited do^w^ards and outwards^ and is covered 
by J^tysma, deep oervick fascia ; itjs eroe^ 

* b ef the facial nerve ; fc coutaiG^ 
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The deep surface is in relation with the Mylohyoideus, Hyoglossus, Stylo- 
glossus, Stylohvoideus, and posterior belly of the Digastrious ; in contact with 
it axe the mylonyoid nerve and the mylohyoid and submental vessels. 

The external maxillary artery is imbedded in a groove in the posterior 
border of the gland. 

The deepprocr^^t the gland extends forwards as far as the posterior end of the 
sublingual gland, and lies between the Mylohyoideus below and externally and 
the Hyoglossus and Styloglossus internally ; above it are the lingual nerve and 
submaxiTlary ganglion ; below it, the hypoglossal nerve and its vena comitans. 

The submaxillary duct (Wharton's duct) is about 6 cm. long, and its 
wall is much thinner than that of the parotid duct. It begins by numerous 
branches from the deep surface of the gland, and runs forwards between the 
Mylohyoideus and the Hyoglossus, and then between the sublingual' gland 
and the Genioglossus, and opens by a nan*ow orifice on the summit of a small 
papilla, at the side of the frenulum linguae. On the Hyoglossus it lies between 
the lingual and hypoglossal nerves, but at the anteripr border of the muscle 
it is crossed laterally by the lingual nerve ; the terminal branches of the lingual 
nerve ascend on its medial side. 


Vessels and Nerves. — The arteries supplying the submaxillary gland are branches of 
the external maxillary and lingual arteries. Its veins follow the course of the arteries. 
The nerves arc derived from the submaxillary ganglion, through which it receives fila- 
ments from the chorda tympani of 


Fig. 967. — Section of the submaxillary gland of 
a kitten. Duct semidiagrammatie. x200. 


the facial nerve, the lingual branch 
of the mandibular nerve -and the 
sympathetic. 

In the dog and cat the submaxil- 
lary gland receives its nerve-supply 
through T.angley’s ganglion l(p, 1053). 

Sublingual gland. — The 
sublingual gland (fig. 966) is the 
smallest of the three glands. It 
is situated beneath the mucous 
membrane of the floor of the 
mouth, at the side of the fre- 
nulum linguae, in contact with 
the sublingual depression on the 
inner surface of the mandible, 
close to the symphysis. It is 
narrow, flattened, shaped some- 
what like an almond, and weighs 
between 3 and 4 gms. It is in 
relation, above, with the mucous 
membrane ; behw, with the 
Mylohyoideus ; in front, with 
its fellow of the opposite side ; 
behind, with the deep part of 
the submaxillary gland; laUr- 
ally, with the mandible ; and mediaUy, with the Genioglossus, &om which it 
is separated by the lingual nerve and the submaxillary duct. Its excretory 
ducts are from eight to f wenty in number. Of the smaller sublingual ducts 
(ducts of Bivinus), some join the submaxillary duct ; others open separately 
into the mouth, on the elevated crest of mucous membrane (plica stiblh^ualis), 
caused by the projection of the gland, on either side of the frenulum linguas. 
One or more join to form the larger sublingual duct (duct of Bartholin), which 
opens Avith or near to the submaxillary duct. 

Vessels and Nerves. — The sublingual gland is supplied with blood from the sub- 
lingual and submental arteries. Its nerves are derived from the lingual and bhorda 
tympani nerves, and from the sympathetic. 

In the dog and cat the sublingual gland receives its nerve-supply through the sub- 
rnaxillary ganglion. 

Strumre of the salivary glands. — ^The salivary glands are compound racemc^e 
glands, consisting of numerous lobes, which are made up ot lobules, comected iogethefr 
by dense areolar tissue, vessels, and ducts. Each lobule donsista of the ramifioatiotis of 
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a single duct, the branches ending 
distributed. The alveoli are encl< 


o iu dilated ends or alveoli on which the capillaries are 

The alveoli are enclosed by a basement membrane, which is continuous 
with the membrana propria of the duct and consists of a network of branched and 
flattened nucleated ceils. . j 

The alveoli of the salivary glands are of tw'o kinds, which diltor in the size ona 
appearance of their secreting cells, and in the nature of their secretion. (1) The mucous 
Variety 'Secretes a viscid fluid, 

__i . 1 . . i... /o\ 4.U,. 968.— Section of the parotid gland of 

a cat. x200. 


which’ contains mucin ; (2) the 
serous variety secretes a thinner 
and more watery fluid. The 
sublingual gland consists of 
mucous, and the parotid gland 
of serous, alveoli. The sub- 
maxillary gland contains both 
mucous and serous alveoli (fig. 

969). 

The cells in the mucous 
alveoli arc columnar in shape 
(fig. 967), In the fresh condi- 
tion they contain largo granules* 
of mucinogen . In hardened pre- 
parations a delicate protoplas- 
mic network is seen, and the 
cells fire clear and transparent. 

The nucleus is usually situated 
near the basement membrane, 
and is flattened. 

In some alveoli peculiar 
crosijcntic boduis ai‘e seen be- 
tween the cells and tho mem- 
brana propria. They are termed 
the crescents of Gianu::?A^ or 
tho (Irmilnncs of Heidenhain 
(fig. 967), and arc composed of polyhedral granular cells. Fine eanaliciili pass between 
the rnucus-sccreting cells to reach the demilunes and even pem^trate tho cells forming 
these structures. 

In tho serous alveoli the cells almost completely fill tho cavity in tho resting condition 
of the gland, so that there is hardly any lumen perceptible;^ they contain secretory 



■Surface view 
of alveolus 


■^Duct 


Fio, 


969.- “A section of a human submaxil- 
lary gland. (B. Heidenhain.) 


granules imbedded in a closely reticulated 
protoplasm (fig. 968). The cells arc more 
cubical than those of tho mucous type ; the 
nucleus of each is spherical and placed 
near the centre of tho cell, and the granules 
are smaller. 

Both mucous and serous cells vary in 
appearance according to w'he>thf'r the gland 
is in a resting condition or has been 
recently active. In the former case the 
cells are large and contain many secretory 
granules ; in the latter case the cells are 
shrunken and contain few granules, chiefly 
collected at the inner ends of the cells. 
The granules are host seen in fresh pre- 
parations. 

Tho ducts are lined at tlieir origins by 
epithelium which differs little from the 
pavement form. As the ducts enlarge, tlie 
epithelial ceBs change to the columnar 
type, and the part of tlie cell next the 
basement membrane is finely striated. 

The lobules of the salivary glands are 
richly supplied with blood-vessels, which 
form a dense netw^ork in the interalveolar 
spaces. Fine plexuses of nerves are alsn 
found in the interlobular tissue. The 
norve4lbril6 pierce the basement membrane of the alveoli, and end in branched varicose' 
,filaments between the secreting cells. In the hilum of the submaxillary gland there ‘is a 
collection of nerve-cells termed Langley's ganglion, 

Accessoty glands.— -Besides the salivary glands proper, numerous other glands are 
found in the mouth. Some of these occur in wie tongue (p. 1070) ; others lie around and 
in the palatine tonsil between its cr3^ts, and large numbers are present in the'soft palateyr 
the lips and che^s. Those glands are of the same structure as the larger salivary glands^ 
and are of the mucous or mixed type. 



To the ] 


it of the figure is a group of mucous alvcoti, 
t the left a group of serous alveoli. 
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The affected glands swell up, becoming tense, e^ ^ 

Avlieu swaUowing or mwtication is ’ p„“tion to the atteoted glands is 

The inflammatibn goes down after a few dojs , suppurawo- * 


occur. 

very 


rare. 




The Teeth (Dentes) (figs. 970 to 972) 

M.n 1, povid«l »ith ^ 

:"lh«; »o 0 ^ the dJL. or »itt teeM.. 



^ sfyt ^ssrrtoi^^, two e»h»., ..d 

iour molars in each jaw. nnmhor • four incisors, two canines, 

The wemawen* feert. are thirty-two m number . lour mow , 

four premolars, and six dtelars in each jaw. 

The dental formul® may be represented as follows . 


Upper jaw 
Lower jaw 


U pper jaw 
Lower jaw 


Deciduom Teeth. 

mol. can. ins 
2 12 


in. can, nibl. 

„?.i J-,— ^Wtal 20 

2 1 2j 


Pmnanent TtHh. 


mol pretnol. ero. «• 

3 a > 2 

~T 2 1-2 



prbndt moh 

2 3' 
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f-. ' ®*^*?*^ jboolh '« 0 Q 8 iato. oi three porti(Hia : the eroum, 

^projcciiiag beyond the gum ; the ropi^ imbedded in the alyeolus ; and the neck, 

' woonstriptm pp^ between the crown and the root. 

The toote of the teeth are &mly implanted in the alveoli of the maxilla 
and mandible. ]l^ch dlyeolus is lined by periosteum which invests the tooth 
as far as its neck, and is continuous above with the fibrous tissue of the gums. 

In coxuieq[uence of the curve of the dental arch, terms such as anterior and 
po^t^or, if applied to the teeth, would be misleading and confusing. Special 
tertas are ther^ore used to indicate the different surfaces of a tooth : the surface 
directed towards the lips or cheek is known as the labial or buccal surface ; 
that direct^ towards the tongue is described as the lingual surface ; those 
surfaces which touch neighbouring teeth are termed surfaces of contact. In the 


Fio, 971.— The permanent teeth of the upper dental arch. Spen from below. 
InHiive canah 


ineiitive foramen 


Palatine proceee of maxilla 
Horizontal yart of •palatine hone 


Forainina of Hear pa 



\ (h'catcr palatine foram en 
Leeeer palatine foramina 


ciwo of the incisor and canine teeth the surfaces of contact are medial and 
lateral ; in the premolar and molar teeth they are anterior and posterior. 

■ Th<6 snpeiior dental arch is largOT than the inferior, so that in the normal 
oohditiitm the teeth of the maxUUs slightly overlap those of the mandible both 
in front and at the sides. Since the upper centraLincisors are wider than the 
loiw, the dthw teeth' in the upper arch are thivwn somewhat distalwards, 
and the Wb $ete do not quite correspond to each other when the mouth is 
dhWfOdi- ^us the upper canine tooth rests partly on the lower canine and 
paa^y on t^ first . premolar, and the cusps of the upper molar teeth lie behind 
otuetesp^ding^ctisps of we lower molar teeth. The dental arches, however, 
find t^e saiit^ points behind because the upper molars, especially the 

are smaller than ^e lower. 


. . PBBiUJirmffT (figs. ff7(^ to 973) 

. '^e ot/iadbrnm, are so nmned because they'present sharp 

bitfiig ^e food. Th^ are eight in number, and 
witfdr. teeth, hi each 'dmitai ansb. 


1056 


SPLANCHNOLOGY 


Fio. 972. — The permanent teeth of the 
right half of the lower dental arch. 
From above. 


Jneiiou 


Canine 


molars 


Tho croum of each ia directed vertically, and is chisel-shaped, being bevelled 
BO as to present a sharp horizontal cutting edge, which, before being subjected 

to attrition, presents three small promi- 
nent points separated by two notches. 
It is convex on its labial surface ; con.- 
cave on its lingual surface, where, in the 
teeth of the upper arch, it is frequently 
marked by an inverted V-shaped eminence^ 
situated near the gum. This is known as 
the basal ridge or cingulum. The neck is 
constricted. The root is long, single, 
conical, transversely flattened, tUcker in 
front than behind, and slightly grooved on 
either side in the longitudinal (&ectionr 
The u^p'per incisors are larger and 
stronger than the lower, and are directed 
obHquoly downwards and forwards. They 
overlap tho lower incisors and their free 
edges are consequently bevelled at the 
expense of their lingual surfaces. Their 
roots are conical and nearly cylindrical. 
The central upper incisors arc larger than 
the lateral. 

Tho lotvcr incisors are smaller than the 
upper. They are placed vertically and 
are somewhat bevelled in front, where 
they have been worn down by contact 
with tho overlapping edges of the upper 
teeth. Their roots arc flattened at the 
sides. The central lowei incisors are 
smaller than the lateral, and are the least 
of all the incisors. 

The canine teeth (cuspids) are four in 
number, two in the tipper, and two in tho 
lower arch, one being placed lateral to each 
lateral incisor. They are larger and stronger than the incisors, and their roots 
sink deeply into the bones and cause weU-marked prominences upon their 
surfaces. 



M olars 


Fio. 073. — Permanent ieetb. Right side. (Burchard.) 



The crown of each is large and conical, vesev oonrex cm its labial surface,, 
a little hollowed and uneven on its lingual sumoe, and tapeiiiig to a )i>)Qnieid. 
point or ci^, which projects beyond the level of the' othw temh. Tile root: 
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|i8 single^ but longur. and thicker than that of the incisore ; it is conical in form* 
;OOttipre88ed laterwy, and marked by a groove on either side. 
f The upper canim teeth (popularly called eye-teeth) are larger and longer than 
}the lower, and usually present a distinct basal ridge. 

I The lower canine teeth are placed nearer the middle line than the upper 
80 that, their summits correspond to the intervals between the upper canines 
and the latercd incisors. The roots of the lower canines are occasionally double. 
^ The premolars or bicuspid teeth are eight in number, four in each arch. 
They are situated laterally to and behind the canine teeth, and are smaller and 
shcKifW than these. 

The crown of each is compressed from before backwards, and surmounted by 
two pyramidal eminences or cusps, a labial and a lingual, separated by a groove. 
Of the two cusps the labial is the larger and more prominent. The neck is 
oval. The root is generally single, but presents in front and behind a deep 
groove, which indicated a tendency in the root to become double. 

The upper premolars arc larger, and show a greater tendency to the division 
of their roots than the lower ; this is especially the case in the first upper 
premolar. The roots of the lower premolars are "nearly cylindrical. 

The molar teeth are the largest of the permanent set, and their broad 
crowns are adapted for grinding the food. They are twelve in number, six 
in each arch, three being placed posterior to each of the second premolars. 

The crown of each is nearly cubical in form, convex on its buccal and lingual 
surfaces, flattened on its surfaces of contact ; it is surmounted by four or five 
tubercles, or cusps, separated from each other by a crucial depression ; henco 
the molars are sometimes termed multicuspids. The neck is distinct, largo, and 
rounded. 

Upper molars. — ^As a ride the first of the upper molars is the largest, and 
the third the smallest. The crown of the first has usually four tubercles ; 
that of the second, three or four ; that of the third, throe. Each upper molar 
has three roots, aim of these two are buccal, and nearly parallel to one another ; 
the third is lingual and diverges from the others as it runs upwards. The roots 
of the third molar (dens serotinus or wisdom-tooth) more or less fused 
together, 

Tjower molars. — ^The lower molars are larger than the upper. On the crown 
of the first there are usually five tubercles ; on the crowns of the second and 
third, four or five. Each lower molar has 
two roots, an anterior and a posterior, 
which are curved backwards ; both roots 
are grooved longitudinally, indicating a 
tendency to division. The two roots of 
the third molar (dens serotinus or wisdom- 
tooth) are more or less united. 


DBciDtrous Teeth (fig. 974) 

The deciduous or milk teeth resemble 
in form the teeth which bear the same 
nam^ in the permanent set ; they are, 
however, smaller and their necks are more 
constricted. The second molar is the 
largest of the deciduous teeth. The first 
upper ifiolar has three cusps, the second has four. The first lower molar has 
four cusps ; secemd has five. The roots of the deciduous molars are smaller 
. tfaeln thosi^ 6| the ptonan^t molars; they are also more divergent, owing to 
'the loot that the crbwiis of the permanent molars are lodged between them. 

, Sthuotube OF THK Teeth: 

^ mahiiag a v€|itical seetakai'Oi a tooth (fig. 975), a cavity is seen la the crown and in , 
of M ; it opens by a. minute orifice at the extremity of the latter. This 
obtains the deniot pulp, a lopse connective tissue richly, 
supplied wil^ and 'himea which enter the cavity through the smalt aperture at 

,i^ |>oiiit of each mot. Bcmte of the ee^,Qf arc arranged as a layer on the wafi 

’■‘V. oJAi'/ ' Zx 


Fig. 974. — Tho deciduous teeth. 
Left side. 
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of the pulp cavity; they are named odontohlasist and during the development of the 
tooth are columnar in shape, but after the dentine is fully formed they become nattencd. 
Each sends a fine process into a canaliculus in the dentine. 

The solid portion of the tooth consists of (1) the ivory or dentine, which forms the 
bulk of the tooth; (2) the enamel, which covers the exposed part of the crown; and 
(3) a thin layer of bone, the cement or crusta petrosa, which is disposed on the surface of* 
the root. 

The dentine (substantia eburnoa) (fig. 978) is a modification of osseous tissue, from 
which it differs, however, in structure. On microscopic examination it is seen to consist 


Fig. 976. — A vertical section of a tooth in situ. 
xl5. 


Fig. 976. — A vertical section of a 
molar tooth. 



Ids placed in the pulp cavity, opposite the neck oj the 
too^ ; the part above it is the crown, that below is the root. 
1. J^iamel with radial and oonoentric markings 2. Dentine 
with tubules and incremental llues. 3. Cement or crusta 
petrosa, with bone-cells. 4. Dental periosteum. 5. Mandible. 



Fig. 977. — A vortical section of a 
premolar tooth. (Magnified.) 



of a number of minute w'avy and branching tubes, the dental canaliculi, imbedded in a 
dense homogeneous substance, the matrix. 

The dental canaliculi (fig. 978) are placed parallel with one another, and open at their 
inner ends into the pulp cavity. In their course to the periphery they present two or 
three curves, and are twisted on themselves in a spiral direction. These canaliculi vary 
in direction : thus in a tooth of the mandible they axe vertical in the upper portion of the 
crown, becoming oblique and then horizontal in tne neck and upper part of the root, while 
towards the lower part of the root they are inclined downwards. In their oou^e they 
divide and subdivide dichotomously, and, especially in the root, give off minute branches, 
whieh join together in loops in the matrix, or end blindly. Near the periphery of the 
dentine, the mier ramifications of the cantdiculi terminate imperceptibly by free ends. 
The dental canaliculi have definite walls, consisting of an elaetic noxnogeneous membrane, 
the dentinal sheath of Neumann, which resists the action of acids; tney contain slender 
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^liudrical prolongations of the odontoblasts, first described by Tomes, and uamod 
TomeB* fibres or deniinal fibres. 

The matrix is translucent, and contains the chief part of the earthy matter of the 
dentine. In it are a number of fine fibrils, which are continuous with the fibrils of the 
dental pulp. After the earthy matter has been removed by steeping u tooth in weak 
acid, the animal basis remaining may bo tom into laminae which run parallel with the 
pulp cavity, across the direction of the tubes. These layers may be indicated in a section 
of dry dentine by a series of somewhat parallel lines — ^the contour lines of Owen — com- 
posed of imperfectly calcified dentine. In consequence of the imperfection in the calcify- 
ing process, little irregular cavities are left, termed interglobular spaces (fig. 978). A 
series of these spaces is found towards the outer surface of the dentine, where they form 
a layer wliich is sometimes known as the granular layer of Tomes. They have received 
their name from the fact that they are surrounded by minute nodules or globules of 
dentine. Other curved lines may be seen 
parallel to the ^ surface. These are the 
lines of Sohreger, and are duo to the optical 
effect of simultaneous curvature of tlio 
dentinal fibres. 

Chemical composition . — According to 
Berzelius and von Bibra, dentine consists 
of 28 parts of animal and 72 parts of earthy 
matter. The animal matter is converted 
by boiling into gelatin. The earthy 
matter consists of phosphate, carbonate, 
and a Irace- of fluoride of calcium, phos- 
phate of magnesium, and other salts; over 
80 per cent, of the earthy matter consists 
of calcium phosphate. 

The enamel (substantia adamantina) is 
the hardest and most compact part of the 
tooth, and forms a thin crust over the ex- 
posed part of the crown, as far as tlui 
commencement of the root. It is thickest 
on tho grinding surface of the crown, until 
worn away by attrition, and l)ocomes 
thinner towards the neck. Tlio cement 
may overlap, or be overlapped by, the 
enamel, but in the maiority tho cement 
and enamel meet without overlapping. 

Sections usually show a scries of brown 
lines which form acute angles with tho 
contour of the underlying dentino. The 
enamel consists of minute rods or columns 
termed enamel fibres or prisms (prismata 
ndamaniina). They lie parallel with one 
another, resting by one extremity upon the 
dentine, which presents a number of 
minute depressions for their reception, 
and forming the free surface of the crown by the other extremity. The columns are 
directed vertically on tho summit of the crown, horizontally at the sides; they are about 
4 ft in diameter, and pursue a more or less wavy course. Each column is a six-sided i^rism 
and presents numerous dark transverse shadings ; those shadings arc probably due to the 
manner in which the columns are developed in successive stages, producing shallow 
constrictions, as will be subsequently explained. 

Numerous minute inteivStices intervene between the enamel fibres near their dentinal 
ends, a provision calculated to allow of tho pormeation of fluids from the dental canaliculi 
into the substance of the enamel. 

Chemical composition , — ^Enamel consists of from 98 to 99 per of earth j matter, 
and from 1 to 2 per cent, of animal matter. *The earthy matter consists of phosphate of 
lime, with traces of fiuoride and carbonate of calcium, phosphate of magnesium, and 
other salts. According to Tomes there is no animal mattef in properly calcified enamel. 

Tho emsta petrosa or cement (substantia ossea) is disposed as a thin layer on the 
roots of the teeth, from the termination of the enamel to the apex of each root, where it is 
usually very thick. In structure and chemical composition it resembles bone. It con- 
tains, sparingly, the lacunas and canaliculi which characterise true bone ; tho canaliculi 
of adjacent lacunas intercommunicate as in ordinary bone ; and those more deeply plac^ 
join with the adjacent dental canaliculi. Normal cement is non- vascular. 

As age advances, the cement increases in thickness, and gives rise to those bony 
growths or exostoses so common in -the teeth of the aged : the pulp cavity also ]^ 0 Qnies 
partially, filled up by a hard substance, intermediate in structure between denrane and 
haoB (secondary or adventitious dentine ^ Tomes). It appears to be formed by a slow 
conversion of the dental pulp^ which shrinks, or even disappears. 


Fig. 978. — ^Transverse section of a portif)n 
of tho root of a oanino tooth. x300. 
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Develo^ihent of the Teeth (figs. 979 to 982) 

In describing the development of the teeth, *the mode of formation of the deoiduc^us 
teetJi must first be considered, and then that of the permanent series. ^ ^ 

Development of deciduous teeth. — ^The development of the deciduous 
begins about the sixth week of fcetal life as a thickening of the epithelium edong the lino 
of the future jaw, the thickening being due to a rapid multiplication of the more deeply > 
situated epitheli»i^ells. Aig the cells multiply they extend into the subjacent mesoderm » 
and thus form a ridgiror strand of cells imbedded in mesoderm. About the seventh v^eek 
a longitudinal splitting or cleavage of tliis strand of cells takes place, and it becomes 
divided into two strands ; the separation begins in front and extends laterally, the process 
occupying four or five weeks. Of the two strands thus formed, the labial forms the lahio^ 
dental lamina; while the other, the lingual, is the ridge of cells in connexion with which 
the teeth, both dccuhious and permanent, are developed.* Hence it is known as thfv 
dental lamitia or common denial germ. It forms a flat band of cells, which grows into 
the substance of the embryonic jaw, at first horizontally inwards, and then, as the teeth 
develop, vertically, i.e. upwards in the upper jaw, and downwartis in the lower jaw. 
Wliile still maintaining a horizontal direction it has two edges — an attached edge^ con- 


Fi<;. 979. — A sagittal section through the first lower deciduous molar of a human 
embryo 30 mm. long. xlOO. (Rose.) 



Labiodentnl lamina, lipro separated from the dental lamina. M.E. Mouth'epiilieliiim. P.p. 
liicuspldato papilla, capped by the enamel serin. Z.L., placed over the shallow dental furrow, points 
to the dontallamlna, which Ls spread out below to form the enamel germ of the future tooth. Z,S. Con- 
densed tissue forming dental sac. 


tinuous with the epithelium lining the mouth, and a free edge^ projecting inwards, and 
imbedded in the mesodermal tissue of the embryonic jaw. Along its line of attachment 
to the buccal epithelium is a shallow groove, the denial furrow. 

About the ninth week the dental lamina begins to develop enlargements along its 
free border. These are ton in number in each jaw, and each corresi>onds with a future 
deciduous tooth. They consist of masses of epithelial cells ; and the cells of the deeper 
part — ^that is, the part farthest from the margin of the jaw — ^increase rapidly and spread 
out in all directions. Each mass tluis comes to assume a club 'shape, connected wiw the 
general epithelial lining of the mouth by a narrow neck, embraced by mesoderm. 'They 
are now know’n as special denial germs. After a time the lower expanded portion inclines 
outwards, so as to form an angle with the superficial constricted portion, which is some- 
times known as the neck of the special dental germ. About the tenth week tho meso- 
dermal tissue beneath these special dentaj germs becomes differentiated into papilles; 
these grow upwards, and come in contact with the epithelial cells of the special dental 
gerixts, which become folded over them like a hood or cap. There is, then, at thfs slkge a 
papilla (or paplllee) which has already begun to assume somewhat the shape of the crown 
of the future tooth, and from which the dentine and pulp of the tooth ate' fortped^ 
surmounted by a dome or cap of epithelial cells from which the enamel is derived. 

In the meantime, while these changes have been going on, the dental lamina biaa 
been extending backwards behind the special dental germ corresponding with the Second 
deciduous molar tooth, and at about the seventeenth week of loctal life it prompts an 
enlargement, the special dental germ for the first permanent molar, soon followed % the* 
formation of a papilla in the mesbdermal tissue for the some tooth.^ Thitf is fpllowedr \ 
about the fourth month after birth, by a further extension backWarda^x the dental • 

with fhe formation of another enlargement and its corresponding papilla ihe secoxid 
molar. And finally the process is repeated for the third molar, its papuU isbont 

thjS fifi^ year pf life. ' ‘ 




Oir mi 

After tlie tormatio^ of the epobial dentail the dental lamina undergoes atrophia 

changes and hecomos eribriform, except on the lingual aspect of each of the special cerms 
of the temporary teeth, where it imder^Oes a local ^hickening forming the special dental 
germ of each of the suecessional permanent teeth — i.e. the ten anterior ones in each jaw. 
Here the same process goes on as has been described in oonnoxion with those of the 
, deciduous teeth : that is, they recede into the substance of the gum behind the germs of 
the deciduous tee^. As they recede they become club-shaped, form expansions at their 
distal extremities, and finally meet papillse which have been formed in the mesoderm, just 
in the same manner as was the case in the deciduous teeth. ' The apex of each papilla 
indents the dental germ which encloses it, and, forming a cap for it, becomes converted 
Into the enamel, while the papilla forms the "dentine and pulp of the permanent tooth. 

The specied dental germs consist at first of rounded or polyhedral epithelial cells. 
After tho formation of the papillte, these cells undergo a differentiation into three layers. 
Those which are in immediate contact with the papilla become elongated, and form a 
layer o'f well-marked columnar epithelium coating the papilla. They are the cells which 
form the enamel fibres, and are .therefore termed enamel cells or ameloblasta. The cells 
of the outer layer of the special dental germ, which are in contact w'ith the inner surface 
of the dental sac, presently to be described, are much shorter, cubical in form, and are 


Fig. 980. — A sagittal section through the canine tooth of an embryo 40 mm. 
long. xlOO. (Rose.) 



L.F, Labiodental fiiiiow. The other lettering as In fig. 970. 


named the external enamel epithelium. All the intermediate round cells of the dental 
germ between these two layers undergo a peculiar change. They become stellate in shape 
and develop processes, which unite to form a network into which fluid is secreted ; this 
has the appearance of a jelly, and to it the names of enamel pulp or stellate reticulum arc 
given. -Between the steUate reticulum and the layer of ameloblasts there) is a stratum 
intermedium consisting of two or three layers of round or polygonal cells. This trans- 
formed special dental germ is now' known under the name of enamel organ, (fig. 981). 

WTiile these changes are going on, a sac is formed aiUund each enamel organ from 
the surrounding mesodermal tissue. This is known as tho dental sac, and is a vascular 
membrane of connective tissue. It grows up from below, and thus encloses tho whole 
tooth g0rm; as it grows it causes the neck of the enamel organ to atrophy and disappear; 
so tha^aU cotnmunication between the enamel organ and the superficial epithelium* is cut 
off. At this stage there are vascular papill® surmounted by caps of epithelial cells, tho 
whole being surrounded by membranous sacs. 

Rofrmaiion of the enamel,-— The enamel is formed exclusively from the enamel oells or 
ameloblaG(t9 of.t^ special dental germ, ei^er by direct calcification of tho columnar 
cells, which become elongated into the hexagonal rods of the enamel, or, as is more 
generally believed, as a secretion from the^ ameloblasts, within which calcareous matter 
18 subsequently deposited.^ 

imeCss begins at the apex of each cusp, at tho ends of the enamel cells in contact 
mdth the dental papilla. Here a fine globular deposit takes place, being apparently shed 
from the end o| me qmeloblasts. It is known by the name of the enamel droplet^ eM 
. reaejinhl^ heratin i^h its. resistance to the action of mineral acids. This dropl^ then 
becomes fibrous and^ealoifies, a^d, lonns the first layer of the enamd ; a second d^^oplet 
snd ealudfies^ and so on;; sucoessive droplets of keratin-like material a^ shed 
nmelohla^ti and forth succesadve layers of enamel, Uic ameloblasts 
.receding^ as each lay^ la prodneed, imtil at the termination of the proof ss they hiave 
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almost disappeared. The eimmol pulp and stratum intermedium atrophy and disappear, 
80 that the newly formed calcified material and the external enamel epithelium come into 
apposition. The crown of the tooth is covered iSr a time by a distinct membrane. This 
is known as the cuticula dentil, or Nas'tnyth's membTanCt and is believed to be formed by 
tho external epithelium of the enamel-organ. It forms a homy layer, which may be 
separated from the subjacent calcified mass by the action of strong acids. ^ It is marked 
by tho liexagonal impressions of the enamel prisms, and, when stained by nitrate of silver, 
shows the characCc^jyic lines of interepithclial cement. 

Formation of the dentine, — ^While these changes are taking place in the epithelium to 
form the enamel, contemporaneous (•>bange3 occurring in the differentiated mesoderm of 
the dental papillos result In the formation of the dentine. As before stated, tho first germs 
of the dentine are tho papilhe, corresponding in number with the teeth, formed from the 
soft mesodermal tissue which bounds the depressions containing the special enamel germs. 
The papilliB grow upwards into the enamel germs and become covered by them, both being 
enclosed in a vascular connective tissue, the dental sac, in the manner above described. 
Kach papilla then consists of rounded cells, and is very vascular, and soon begins to 
aasuuio tho shape of the future tooth. The next step is the appearance of tho odonto- 
blasts^ which have a relation to the development of the teeth similar to that of the osteo- 
blasts to tho formation of bone. They ftre. formed from the colls of the periphery of the 


Fui. 9fil. — A vertical section of tho mandible of an early human feetus. x2iK 



papilla --that is t(j .say, from the cells in immediate contact with the ameloblasts of 
the special dental germ. These cells become elongated, one end of the elongated cell 
resting against tho epithelium of the special dental germs, the other being tapered and 
often branched. By the direct transformation of the peripheral ends of these ceUs, or by a 
secretion from them, a layer of uncalcified matrix (prodentine) is formed which caps the 
cusp, or cusps if there be more than one, of the papillee. This matrix becomes fibrillated, 
and in it islets of c^cification make their appearance, and, cqalcscing, give rise to a con- 
tinuous layer of calcified material which covers each cusp and constitutes the first layer of 
dentine. The odontoblasts retire towards tho centre of tho papilla, and, as they do so, 
produce successive layers of dentine from their peripheral extremities — that is to say, they 
form tho dentinal matrix in which calcification subsequently takes place. As they thus 
recede from the periphery of the papilla, they leave behind them filamentous processes of 
cell protoplasm, provided w'itli finer side processes; these are surrounded by calcified 
material, and thus form the dental canaliculi, and, by their side branches, the anasto- 
mosing canaliculi; the processes of protoplasm contained within these constitute the 
dentinal fibres (Tomes’ fibres). In this way the entire thickness of the denime is 
developed, the w^all of each canaliculus being completed throughout its whole length by a 
single odontoblast. The central part of the papilla does not undergo calcification, but 
persists as the pulp of the tooth. In certoin places uncaloifiod portions of the matrix 
remain between the successive layers of dentine, and give rise to tne interglobular spaces 
alluded to above. • ' 

Formation of the cement, — Tho root of the tooth begins to bo formed shortly beforp the 
cToivn. emerges through the gum, but is not completed until some time afterwards. Its 
form is determiued by a dowugrowth of the epithelium of the dental germ, which extends' 
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Fig. 982. — A longitudinal section of the 
lower part of a growing tooth, showing 
the extension of the la^^or of arnelo- 
blasts beyond the crown to mark off the 
limit of formation of the dentine of the 
root. (Rose.) (From Quain’s Elements 
of Anatomy, Vol. IT. Part I.) 


zd, eiu 


below the region where the enamel is to be fornicd, almost as far as the situation of the 
apex of the future root (fig. 982). This fold of epithelium is known os the epithelial 
sheath^ and on its papillax^ surface odontoblaBts appear, which in turn form dentine, so 
that the dentine formation is identical in the crown and root of the tootli. The vascular 
tissues of the dental sac then break through the epithelial sheath, and spread over the 
surface of the root as a layer of bone-forming material. In tbis^ laver osteoblasts make 
tbeir appearance, and the process of ossification goes on in identically the same manner 
as in the ordinary intrameinbranous ossification of bone. The remains of the epithelial 
sheath may sometimes bo seen in the adult as isolated groups of cells in the alveolodental 
periosteum. 

Formation of the alveoli, — About the fourteenth week of embryonic life the dental 
lamina becomes Enclosed in a trough or groove of mesodermal tissue, which at first is 
common to all the dental germs, but subse- 
quently becomes divided by bony septa into 
loculi, each loculus containing the special 
dental germ of a deciduous tooth and its 
corresponding permanent tooth. After birth 
each cavity becomes subdivided, so as to 
form separpite loculi (the future alveoli) for 
the deciduous tooth and its corresponding 
permanent tooth. Although at one time the 
whole of the growing tooth is contained in the 
cavity of the alveolus, the latter never com- 
pletely encloses it, since there is always an 
aperture over the top of the crown filled by 
soft tissue, by which the .dental sac is con- 
nected with the surface of the gum, and 
which in the permanent teeth is called the 
(jiihernaculum deni is. 

Development of the permanent teeth. — 

The permanent teeth as regards their de- 
velopment may be divided into two sets : (1) 
those which replace the deciduous teeth, ami 
which, like them, are ton in number in each 
jaw; those are the successional permanent 
teeth] and (2) those which have no decidu- 
ous predecessors, but are superadded distal 
to the temporary dental series. These are 
throe in number on either side in each jaw, 
and are termed superadded permanent teeth. 

They are the three molars of the permanent- 
set, the molars of tlio deciduous set being 
replaced by the premolars of the permanent 
set. The development of the siiccessional 
permanent teeth — ^the ten anterior ones in 
either jaw — has already been indicated. 

During their development the permanent 
teeth, enclosed in their sacs, come to bo 
placed on the lingual side of the deciduous 
teeth and more distant from the margin of 
the future gum, and, as already stated, are 
separated from them by bony partitions. As 
the crown of tho permanent tooth grows yM)Sorpt ion of those bony partitions and of the 
root of the deciduous tooth takes place, through the agency of o^ihioclasts which appear 
at this time, and finally nothing but the crown of the deciduous tootli remains. This is 
shed or removed, and the permanent tooth takes its place. 

The superadded permanent teeth are developed in the manner already described, by 
extensions backward of the posterior part of the dental lamina in each jaw. 



eD.sch.- 


ad. Ameloblai»t^ runtlnuous below witli ep. sch.. 
the epithelial eheath. d. Dentine. tn. ICnamel. 
od. Odontoblasts, p. Pulp. 


Eritpiion , — When the calcification of tho different tiaaues of the tooth “is 
Bttffiiciently advanced to enable it to bear the pressure to whioh it will be 
afterwards subjected, eruption takes place, tho tooth making its way through 
the gum. The gum is absorbed by the pressure of the crown of the tooth 
agaiiist it, whicb is itself pressed up by the increasing size of tho root. At 
the same time the septa between the dental sacs ossify, and separate the 
sdveoli ; these firmly embrace the necks of the teeth, and afford them a solid 
basis of support. 

The eruption of the deedduou^ teeth cominenoes about the seventh m<mtb 
after birth, and is oom|deted about the end of the second year, the teeth of 
the lower jaw preceding those of the upper. 
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The following, according to C. S. Tomes, are the most usual times of eruption 
of the deciduous teeth : 


Lower central incisors 
U^per incisors .... 

Lower lateral incisors and first molars 
Oanmes • 

Second molars . « . . 


6 to 9 months 
8 to 10 months 
16 to 21 months 
16 to 20 months 
20 to 24 months 


There are, however, considerable variations in these times. According to 
Holt : a child at the age of one year should have six teeth ; at the age of a 
year and a half, twelve teeth ; at the age of two years, sixteen teeth ; and 
at the age of two and a half years, twenty teeth. 

Calcification of the permanent teeth proceeds in the following order in 
the lower jaw (in the upper jaw it takes place a little later) : the first molarj 
soon after birth ; the central and lateraf incisors, and the canine,* about six 
months after birth ; the premolars-, at the second year, or a Uttle later ; the 
second molar, about the end of the second year ; the third molar, about the 
twelfth year. 

The oniption of the permanent teeth takes , place at the following periods, 
the teeth of the lower jaw preceding those of the upper by short intervals : 


First molars 
Two central incisors 
Two lateral incisors 
First premolars . 
Second premolars 
Canines 
Second molars 
Third molars 


6th year 
7th year 
8th year 
9th year 
10th year 

nth to 12th year ^ 
12th to 13th year 
I7th to 25th year 


Towards the sixth year, before any of the deciduous teeth are shed, there 
are twenty-four teeth in each jaw, viz. the ten deciduous teeth and the crowns ' 
of all the permanent teeth except the third molars. 


Applied Anatomy , — As a consequence of locol irritation or of f*iiromo digestive dis- 
turbances occurring during their eruption, both the deciduous and the permanent teeth 
may show defective development or irregular tiahs verse furrowing and erosions; this is 
particularly the case with the incisors. Quite distinct from, and much less common than 
this, is a characteristic nialformati(^n vif the two upper central permanent incisors seen 
in patients with inherited syphilis, and fiist described by Hutchinson. Here there is a 
crosecutio* notch in the anterior surface and at tho cutting edge of the tooth, which is 
peg-shaped , stunted, and set obliquely in the gum, pointing either medialwards or lateral- 
wards. Numerous forms of innocent tumour arising from the teeth, or from their con- 
stituent lavors, have been described imdcr the general name of odontoma. Infection of 
the pulp of a tooth by bacteria gaining access thereto in consequence of dental caries gives 
rise to the common and very painful alveolar abscess ; starting in the apical space between 
the root of the tooth and its alveolar socket, the pus from such an abscess may make its 
way into the maxillary antrum, or burst through the bard palate or cheek. A more super- 
ficial abscess forming between the root of a tcK^ and the gum is known as a gum-boil. 
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^Thb Tongue (Lingua) 


The tongue is the principal organ of the sense of tsiste, and an important 
organ of speech ; it also assists in the mastication and dbglntitian of the food. 
It is situated in the floor of the month, 'crithin the cturve of the body of the 
mandible. 

Its root (fig. 942) is comiected with the hyoid hone by the nyof^OBBi , 
Genioglossi m^les and the hyogl<»8al membrane; with the hy ' 

three glosso-epiglottie folds of muoous membruxe ; with the soft palate by the 
glossopalatine mxihes ; and with .the pharynx by the ConstriOtiores {i&ac^ngis 
superiraes and. the mucous membrane. Its onexj thin and ^anbw; is dfroo^ 
forwards against the lingual surfaces of the sower iooisor. t^th. ..tts' ’i^ar{Qr.' 
mrfaee (fig.. 983) is connected wi& tiie nMxodiUa by the 
it the .mucous, membrane pannes aoross thb floor df mtoittb. ’ 

surface of;the gum ; andt ih the middle line, ie derated 

OoeUdia side of the ft^iiilum isad^tt J^ 
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ti$embrane, tlto j^Kco the free edge of which oeoasiomdly exhibits 

ysdries of frin|^%Ee1i»63@SI%. 

I The apex, sides ahd dorsum, and part of the inferior surface of the tongue 
free. * ' »- 

The. doraum, of th^ tongue (6g. 984) is convex and divided by a median ^ 
which.ends behinid,alwat 3 cpi. from the root of the tongue, in a depj^ioh", 
the fem wtew ccecu m ; from this foramen a'shaUow groove, the sufrus terminalis, 
runs uiiemWatds and forwards on either side to the margiiT^ tdllgae. 
The part in front of this groove, forming about two-thirds of the dorsum, loolts 
upwards, and is rou^ and covered with papillie ; the posterior third is directed 



backwards and is smoother ; it contains numerous muciparous glands and 
lymph fdlicles flinmial tonsill. The foramen csecum is the remains of the 
upper jMust of ihemjiri^toaaai duct ot diverticulum from which the thyreoid 
grand B developed ; the pyramidal lobe of the thyreoid gland indicates the 
position of the lower part of the duct (p. 131). 

The of the tongw <fig. 984) are projections of the corium. They 

are tyekiy dptribpted over the anterior two-thirds of the dorsum, giving 
.^/to ;tfahi jBrt .ib .charaeteristac roughness. 'Fhe pa^llra are grouped under 
' ^e 'tei^^papalB v^atsB, papflbs lungiformes, papillm conicae, and papiUse 
' efimoiBoes; ' . ' ' * , 

Tho p^Ua vaUg^ (6gi 986) are of large size, and vary from eight to fwelvp 
in iuiitaber. They a^ Bituidn<ron,the dorsum of the tongue, amlform a V-shaped 
'\ rbWv:^mei£hijM^ in ^ the stdens tem^nalis. lUabh papilla is from 1 mo. 

: pd in* draiheter,. and' is attached to the bottom of a circular de^aession ! 

each de^Bssiem is surrounded by a wall 
hhd: beta^ thie aid: the ie a eironlar sulcus or fossa. The papf |s 
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shaped like a truncated cone, l»he smaller end being attached to the toii^e ; 
the broader end projects a little '^above the surface of the tongue, and is studded 
with numerous small secondary papillm. The entire papilla and the surrounding 
fossa and vallum are covered by stratified squamous epithelium. 

The pqpilte fungiformes (fig. 987), more numerous the preceding, are 
found chiefly at the sides and apex of the tonme, are scatter^Ml irxegul^y 
and sparingly ovcTr^e dorsum. They are easily distinguished from the papilla 


Fig. 084.— 'i’ho m(»ut.h cavifcv. The cliceks have been slit transversely and the 
tongue pulled forwards. 


PhuTyngopalaiine arch 



conicse by their large size, rounded shape, and deep ‘red colour. They ar* 
narrow at their attachment to the tongue, but bros^ and rounded at the 
free extremities, and covered with secondary papiUas. On the •sides of the 
tongue, where they are somewhat flattened, they are termed 
Ienti(iviare8, 

The papillas conicce (fig. 986) cover the anterior two-thirds of the dorsum* 
They are very minute, conical or cylindidcal in shape, and arranged in lines 
parallel with "the two rows ^of the papillse vallato, excepting at the apex oi 
the tongue, where their direction is transverse. lake the vallate and fun^orm 
papiUee, the papillse conicae present numerous secondaiy papillae whibh are, 
however^ more pointed and contain a larger proportion of elastic fibres. The 
epitbeUiim covering the papillae conicae may be split up into filamentous pro* 
cesses, each of which forms the apex of one of the secondary papiUae ; these, 
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l^cesses are of a whitiiah tint* owing to the thickness and donsit}’- of the epi- 
of which they are composed* and which has here undergone a peculiar 
modification* the cells having become comified and elongated. 

The papiUiB simplices are similar to those of the skin, and cover the whole 
of the mucous membra^ie of the tongue* as well as the larger papillae. They 
eonsM of closely set microscope elevations of the corium, each containing 
a capillary loop, covered by a layer of epithelium. 


Fig. 985. — A vertical section of a papilla 
vallata of a calf. (Engelmnnn.) 



A. 'llie papilla. Jl. Tiie Burcounding wall. d. Duct 
of a litigual gland, n. Nerves. 


Fig. 986. — A papilla conica. 
Magnified. 



Muscles of the tongue. — ^Tho tongue is divided into right and left halves 
by a median fibrous septum which extends throughout its entire length and 
is fixed below to the hyoid bone. In either half there are two sets of muscles, 
extrinsic and intrinsic ; the former have their origins outside the tongue, 
the latter are contained entirely within it. 

' The extrinsic muscles (fig. 988) are ; 


Genioglossus. Chondroglo.ssus. 

Hyoglossus. Styloglossus. 

Glossopalatinus." 


l’’ia. 987 . — A section of a papilla 
fuugiformis. Magnified. 


papilla 


The Genioglossus is a triangular muscle placed close to and parallel with 
the median plane. Tt arises by a short tendon from the superior mental spine 
on the inner surface of the symphysis menti, 
immediately above the Geniohyoideus, and 
spreads out in a fan-like form. The inferior 
' fibres are attached by a thin aponeurosis to the 
uppw j^Tt of the body of the hyoid bone, a few 
piassing between the Hyoglossus and Chondro- 
^ossud to blend with the Constrictores pharyn- 
“ gis ; the middle fibres pass backwards* and the 
superior ones upwards and forwards, to enter 
whole length of the under surface of the 
^tongue, from the root to the apex. The muscles 
' of opposite sides are separated posteriori}^ by 
th^B median fibrous septum of the tongue ; in 
Irpnt* they are more or, less blended owing to the decussation of fasciculi in 
median plme. 

. The Hyogtossus* thin and quadrilateral, arises from the front of the lateral 
part the body ^x^d from the whole lenrth of the greater cornu of the hyoid 
;Boiie ;; it passes almost vertically upwards and enters the side of the tongue^ 
between the Styloglossus and Lonritudinalis inferior. The fibras arising 
from t|he body of the hyoid bone ovenap those from the greater cornu. 



Artery 
V ein' 


Xhe, (Pakt(:ttlo0aa9), ait^ough one of the muscles of the tonguer, is mote- 

cl0$<ly ft^ciatea with the soft palate both in situation and function ; it is consequently describ^ 
with],’l^ muscles of that stinioturo (p. 1075), 





L» Vlic; - r, 4-1, A Utlffual vessels, © * ” ■ 

mtrictot pharyngi^ mcdi.w, the Uhgua , Tl„„„ifto8US 
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the Hyoglossus and Geiuoglossus. 


Fio. 98 vS.— The oxtrinsio museles ot the. longue, l.'ett side. 



the Hyoglossus. ^vnrtest and smaUest of the three styloid mus^, 

The Styloglossus, ^ surfaces of the styloid process, ne« its ap«, 

arises from the anterior Unament ’ Passing downwards and fojrwa^ 

, :;d from the f «toriS. it divides W *lm “de 

I* 



BUT 


Lonmtudinalis JSngu® mierior. YcKrticalift 



of the toj^e. It aria^ &om the suhmuooua ^brons layde ^^lofie to 
the and' from the tnediah fibrous septum, and runs forward to the 

edget of the tongue. 

. l^e l^ngitudinalis ling^use inferior is a narrow band situated on the 
under surface of the tongue between the Gfenio^ossus and Hyoglossus. It 
exte^s from the root to the apex of the tongue, some of its posterior fibres 
being connected with the body of the hydid bone ; in front it bfends with* the 
fibres of the Styloglossus, 

The Transversus linguae consists of fibres which arise from the median 
fibrous septum: and pass lateralwards to be inserted into the submucous fibrous 
tissue at theiides of the tongue. 

the Verticalis Ung^S is found only at the borders of tho fore part of the 
tongue. Its fibres extend from the upper to the under surface of the organ. . 

Applied Amiomy, — The median fibrous septum of tho tongue is very complete, so 
that the ^astomosis between the two lingual arteries is not very free. This is a point of 
conalderablo importance in connexion with removal of one-half of the tongue for cancer, 
an operation frequently resorted to 
whep the disease is strictly confined 
to on<^ side of the organ. If tho 
mucous membrane bo divided exactly 
in the middle line, the tongue can be 
split into halves, without any appreci- 
able haemorrhage, and the diseased 
half can then bo removed. 

Nerves. — The muscles of the 
tongue described above are supplied 
by tlic hypoglossal nerve. 

Actions. — ^The Gcnioglossi draw 
the tongue forwards, and protrude 
the apex from the mouth. The 
two muscles acting in their entirety 
draw the tongue downwards, so as 
to make its superior surface concave 
from side to side forming a channel 
along which fluids may pass towards 
the pharynx, as in sucking. The 
Hyoglossi depress the tongue ; the 
Styloglossi draw it upwards and 
backwards. The Glossopalatini 
raise the root of the ton^e. The 
intrinsic muscles are mainly con- 
cerned in altering the shape of the 
tongue ; thus, the Ijongitudinales 
linguto superior and inferior tend 
to shorten itj but the former, in 
addition,, turns the tip and sides upwards so as to render the dorsum concave, while 
the latter pulls the tip downwards and renders the dorsum convex. The Transversm^ 
liugusB narrows and dongates the tongue, and the Verticalis lingusn flattens and 
broadens it. The complex arrangement of the lingual muscles enables the tongue 
to assume the forms necessary for the production of the different consonantal 
sounds i^hd l|la.calister ♦ states ‘ there is reason to believe that the musculature of 
the tonme varies in different races owing to the hereditary practice and habitual use 
of certam motions required for enunciating the several vernacular languages.’ 

, Strtic^ce of the tongiie.— The tongue is parfly invcf^ted by mucous niembrano and 
a submucous fibrous layer. 

mucous msnibrane covering the under surface of the tongue* is thin, smooth, and 
ip structurewith that lining the rest of ibo .oral cavity. The mucous membrane 
of th^ of the tongue behihetme sulcus terminalis is tluck and fieely movable over 

tbp sublacbnt part®. It contains a large number of lymphoid follicles, which together 
"constitute whira sOmetUnes terined the lineal ioimL Each follicle forms a rounded 
of wWub is perforated py .a minute orifice leading into a fvmnoi- 
am^ped cari^ty ^r recess; around this rjsce^s are grouped numerous oval or rounded 


Fig. 989. — A coronal section of the tongue, 
showing the intrinsic muscles. (Altered 
from Krause.) 



a. Lingual artery. 6. Longltndlnalis Inferior, e. ]{yo- 
glossua. d. Styloglossus, e. Insertion of Transvemus. 
/. Jx>ngitu(iinalis superior, ti. PapUloe of tongue, h. 
Vertical fibres of Genioglossus Intersecting Transversus. 
t. Septum. 
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nodules of lymphoid tissue, f^ach enveloped by a capsule derived from the submucous 
iibrous layer, while opening into the bottom of the recesses are also seen the ducts of 
mucous glands. The mucous luembranc on the anterior part of the dorsum of the tongue 
is thin, intimately adherent to the muscular tissue, and presents numerous minute 
surface eminences^ the ])apillai of the tongue. It consists of a layer of connective tissue, 
the corium or muGosaf covered with epithelium. 

The epitheluim is of th<^ stratified squamous variety, similar to, but much thinner and 
less f?omplex than tliat of the skin ; and each papilla has a separate investment from root 
to summit. , 

The coriiini oemsists of a densii felt- work of fibrous connective tissue, with numerous 
clastic fibres, firmly connected with the fibrous tissue forming the septa between the 
muscular bundles of the tongue. It contains the ramifications of the numerous vessels 
and nerves from wdiich the papillae are supplied, large plexuses of lymphatic vessels, and 
the glands of the tongue. 

Structure of the papillae — The papillse apparently resemble in structure those of the 
cutis, consisting of cone-shaped projections of connective tissue, covered with a thick 
layer of stratified squanious epithelium, and containing one or more capillary loops, 
among which nerves are distributed in great abundance, especially in the vallate and 
fungiform papilbe. Tljoy exhibit secondary papillee, as already described. 


Tjo. 00^. — A vi'i'tical section of a papilla foliata of a rabbit, passing across 
the folia. (Ranvier.) 



u. Scr<ju.s’«Iaud. r/. <iH8tatofy calyculus. n. Xerve-biindles. p. Central lamina of 
florium. v .' Lateral lamina. i\ Sectl/ n across a sinus-like vein, which traverses the 
whole leiiKlli of tlie foliuin. 


(ilandH of flic longue . — The longue is provided with mucous and serous glands. 

The mucous glands are similar in structure to the labial and buccal glands. They are 
found especially at the back part behind the vallate papillai, but arc also present at the 
apex and marginal parts. Jri this connexion the anterior Iqigual glands of.JBlandin or 
Nuhn require special notice. They arc situated on"'the under surface of the apex of the 
tongue (lig. 983), one on either side of the frenulum, where they are covered by a fasci- 
culus of muscular fibres derived from the Styloglossus and Longitudinalis inferior. 
They uro from 12 mm. to 25 mm. long, and about 8 mm. broad, and each opens by three 
or four ducts on the under surface of the apex. 

The serous glands occur only at the back of the tongue in the neighbourhood of the" 
taste-buds, their ducts opening for the most part into the fossae of the' vallate papilles. 
Those glands are racemose, the duct of each branching into several minute ducts, which 
end in alveoli lined by a single layer of more or less columnar epitheliuio. Their secre- 
tion is of a watery nature, and probably assists in the distribution of the i^ubstance to be 
tasted over the taste area (Ebner). 

The septum consists of a veHical layer of fibrous tissue, extending throughout the 
entire len^h of the median plane of the tongue, though not quite reaching the dorsum. 
It is thicker behind than in front, and occasionally contains a small fibrocartilage, about 
6 mm. in length. It is well displayed by making a vertical section across the organ. 

The hyoglossal membrane is a strong fibrous lamina, which connects the under surface 
of the root of the tongue to the body of ttie hyoid bone and gives attachment to the inferior* 
fibres of the Oenioglossi. 

Taste -buds, the end-organs of the ^statoky sense, are scattered over the mucous 
membrane of the mouth and tongue at irregular intervals. They occur especially in the 
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sides of the vidlate In the rabbit there is a localised area at the side of the base 

-of the tongue, the papilla foliaia, in which they are specially abundant {fig, d90). They 
are described under the organs of the senses (p. 942). 

Vessels and Nerves. — The main artery of the tongue is the lingual branch of Uie 
external carotid, but the external maxillary and ascending pharyngeal arteries also giv(? 
branches to it> The veins open into the internal jugular vein. 

The lymphatics of the tongue arc described on p. 718. ^ 

The sensory nerves of the tongue are : (1) the lingual branch of tin? mandibular, which j 
is the nerve of ordinary sensibility for the anterior two-thirds of the tongue; (2) the \ 
chorda tympani branch of the facial, which runs in the sheath of the lingual, and is ‘ 
generally regarded as the nerve of taste for the anterior two-thirds; this nevvo is a 
continuation of the sensory root of the facial (nervus intertnedius) ; (3) the lingual brancli 
of the glossopharyngeal, which is distributed to the mucous membrane at the base and 
sides of the tongue, and to the papillae vallatoe, and is the nerve of taste and of general 
sensation to this region; (4) the superior laryngeal, which sends some fine branches to 
the root near the epiglottis. 

Applied Anatomy, — The tongue is liable to numerous diseases, and any or nil of its 
tissues — ^muscles, connective tissue, mucous membrane, glands, vessels, nerves, and 
lymphatics — ^may undergo morbid changes. It is not often the scat of congenital defects, 
though a few cases of vertical cleft have been recorded, and it is occasionally, though 
much more rarely than is commonly supposed, the seat of ‘ tongue tic,’ from shortness of 
the frenulum. 

There is one condition which may be regarded as congenital, the so-called macro- 
glossia, though sometimes it does not evidence itself until a year or two after birth. 
This is an enlargement of the tongue which is due primarily to a dilatation of the lymph- 
channels and a greatly increased development of the lymphatic tissue throughout the 
organ. It is often aggravated by inflammatory changes induced by injury or exposure, 
and the tongue may assume enormous dimensions and hang out of the mouth, giving the 
child an imbecile expression. The treatment consists in excising a V-shaped portion and 
bringing the cut surfaces together with deeply placed sutures. 

Acute inflammation of the tongue is attended by great swelling from infiltration of its 
connective tissue. This may render the patient incapable of swallowing or speaking, 
may seriously impede respiration, or may end in suppuration, and the formation of an 
acute abscess. 

In all ages the mucous membrane of the tongue lias received mui*h sedulous con- 
sideration in disease, and it is certain that the amount and the distribution of tbe ‘ fur ’ 
with which it may be covered often give valuable help in diagnosis. The fur consists of 
proliferating or desquamated epithelium, bound up with inspissated mucus, tho debris 
of food, and bacteria of all sorts. The mucous membrane of the tongue may become 
chronically inflamed, and presents - different apjpeai'ances in the various stages of the 
disease, to which the terms leucoplakia and psoriasis lingua3 have been given. Thv?y an? 
usually the result of syphilis. 

The tongue is frequently the scat of ulceration, which may arise from many causes, 
as from the irritation of jagged teeth, dyspepsia, tuberculosis, syphilis, anil cancer. Of 
these tho cancerous ulcer is the most important and also the most common. ■ Tbe variety 
is tho squamous epithelioma, w'hich soon develops into an ulcer with an indurated edge. 
It causes great pain, which speedily extends to all parts supplied wdth sensation by the 
mandibular nerve, especially to tho region of the ear (auriculotemporal nerve). 

Cancer of the tongue may necessitate removal of a part or the whole of tho organ, and 
many different methods have been adopted for its excision. It may be removed from 
the mouth by the scissors; this is usually known as Whitehead’s method; and it will 
generally be sufficient if half the organ is removed. The mouth is widely opened w'ith a 
gag, and the tongue transfixed with a silk ligature, by which to hold and make traction 
on it; it is then split down tbe median septum, and the reflection of mucous membrane 
from the tongue to the jaw, and the insertion of the Genioglossus on the affected side are 
divided wdth a pair of curved, blunt-pointed scissors. The tongue can now be puUed well 
out of the mouw and its base is cut through by a series of short snips until the main artery 
is reached, this being securely ligatured. In the event of the artery being accidentally 
injured, bsemorrhage can be at once controlled by passing the forefinger over the tongue 
till it touches the epiglottis, and then turning it towards the side on which the artery is to 
be compressed, and pushing it forcibly against the jaw (Heath). If the disease has spread 
to the ^ossopalatdne arch, the Glossopalatinus must be divided higher up than usual, and 
in some cases, before division, it can be stripped from tho buccopharyngeal aponeurosis 
togettier with the tonsil, and removed along with half the tongue. 

In cases where the submaxillary lymph-glands are involved, an operation in the neck 
should bo resorted to. Having performed a preliminary tracheotomy, Kocher removes 
the tongue from the neck by an incision from near the lobule of the auricula, dowm the 
anterior border of the Stemooleidomastoideus to the level of the greater cornu of the 
hyoid bone, then forwards to the body of Ihe hyoid bone, and upwards to near the sym- 
pn;^8 menii. The lingual artery is secured, and by a careful dissection the submaxillary 
lymph-glands and the tongue are removed. If the lymph-glands in the submaxillary 
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region are in any way a&eeted, an extensive ditsseetio^.pf these will be re^jr^ If there 
is any chance of eradioatixig the disease, and for this purpo^e,it will be found necessary ta 
remove the suWaxillary salivary gland. i" - . a ’ i- . 

The more receutc operations aim at, first, clearing the neck thorougmy 
glands, both in the suDmaxIllary region and along tiie carotid sheath; and, Socotidiyi. 
removal of the tongn© from within the mouth, leaving if possible the floor of the mouth 
intact, so as to avoid soiling the larg«^ wound in the neck by the discharge from the 
month. 




The Paxtoes (fig. 984) 


The aperture by which the mouth communicates with the pharynx is called 
the isthmus fauchm. It is bounded, above, by the soft palate ; below, by the 
doi*sum of the ton^e ; and on either side, by the glossopalatine arch; 

Ttie glossopalatine arch (anterior pillar of the fauces) on either side runsi 
downwards, lateralwards, and forwards from the inferior surface of' the soft 
palate to the side of the tongue, and is formed by the projection of the Glosso- 
palatinus with its covering mucous membrane. 

The p/um/ngopalatine arch (posterior piDar of the fauces) /is larj^er and 
projects farther towards the middle line than the glossopalatine ; it runs, 
downwards, lateralwrards, and backw'ards from the margin of the uvula to 
the side of the pharynx, and is formed by the projection of the Pharyngo- 
palatinus, covered by mucous membrane. The arches are separated bplow 
by a triangular interval, the sintJLS tonsiUaris, in which the palatine tonsil ia 
lodged. 

The palatine tonsils are two masses of lymphoid tissue, situated in the 
lateral walls of the oral part of the pharynx. Each tonsil occupies the. lower 
part of the triangular interval (sinus tonsillaris) between the glossopalatine arid 
pharyngopalatine arches ; the upper part of the sinus is known as the supra- 
tonsillar fossa, A crescentic or triangular fold of mucous membrane, within 
which is a layer of fibrous tissue continuous with the capsule of the tonsil, 
passes backwards from the glossopalatine arch. The upper part of this fold, 
termed the plica semilunaris ov plica supratonsillaris, stretches^ between the 
two arches and forms the medial wall of the supratonsillar fossa ; the lower 
part of the fold, named the pUsukJrianQu]^^ forms the medial wall of the 
anterior and lower parts of the sinus tonsillaris ; it overlaps, and is frequently 
adherent to, the tonsil. The tonsil extends forwards for a variable distance 
under cover of the plica triangularis and the glossopalatine arch, and upwards 
around the supratonsillar fossa and into the soft palate. A oonsidorable 
part of the tonsil is therefore belcMv the level of the surrounding mucous mem- 
brane (i.t. imbedded), while the remainder projects as the visible tonsil. In 
tbo child the tonsils arc jelatively (and frequently absolutely) larger than 
in the adult, and about one-third of the tonsil is imbedded (Hett and Butter- 
field ***). After puberty the imbedded portion diminishes considerably in size, 
and the tonsil assumes a disc-like form, flattened from side to side ; the shape 
and size of the tonsil, however, vary considerably in different individuals. 

The free surface of the tonsil presents from twelve to fifteen orifices loading 
into small, or3rpts or recesses from which numerous foUicles branch out into 
the tonsillar substance. 

The lateral or deep surface is adherent to a fibrous capsule which is continued 
into the plica triangularis. This surface is separated from the Gonstoiotor 
phaiyngis superior by some loose connective tissue ; this muscle intervenes 
between the tonsil and the external maxillary artery with its tonsillar and 
ascending palatine branches. Some muscular fibres are inserted into the ^O^er 
and posterior parts of the capsule. The internal carotid artery lies behind 
and lateral to the tonsil at a distance of about 25 mtm from it. 

In the operation of 'enucleation * of the tonsil, advantage is taken of the jfsct that its 
deep surface is encapsuled, the entire tonsil and the capsule being removed. ^ ‘ ' 

The palatine tonsils form part of a circular band of adenoid ttisane; Wbiolt 
guards the opening into the digestive and respiratory tubes. /Tiie apt^or p^ 
of the ring is formed by the submucous adenoid eoUeetibns 

*./ottnkrf a/ \ .. 
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the posterior wrt of the tongue ; the lateral portions consist of the palatine 
tonsm and the adenoid collections in the vicinity of the auditory tubes, while 
completed behind by the pharyngeal tonsil on the posterior wall 
of the pharynx. In the intervals between these main masses are smaller 
ooUections of adenoid tissue. 


Fw. 991. — ^Vertical section of the tonsil of a dog. xir>. 



Structure (fig. 991). — ^The crypts of the tonsil are lined by stratified squamous epi- 
thelium, continuous with that of the mucous membrane of the pharynx. In the recesses 
the epithelium is closely applied to the lymphoid tissue which forms the substance of the 
tousil, and is invaded by numerous lymph-corpuscles. Probably some of the latter pass 
into the mouth and form the so-callod salivary corpuscles. "The lymphoid tissue is 
arranged in nodules or follicles aggregated together. The lymphocytes are less closely 
packed in the centre of each nodule which is described as a germ centre ^ because multipli- 
cation of the corpuscles goes on in this situation. Mucous glands are found subjacent to 
the tonsil ; their ducts open into the tonsillar crypts. Surrounding each follicle is a close 
plexus of lymphatics, from which the lymphatic vessels pass to the deep cervical lympli- 
slands in the neighbourhood of the greater cornu of the hyoid bone, behind and below 
me angle of the mandible (p. 717). 

Vessels and Nerves. — ^The artcriee supplying the tonsil arc the dorsalis linguae from 
the lingual, the ascending palatine and tonsillar from the extornal maxillary, the ascend- 
ing pharyngeal from the external carotid, the descending palatine branch of the internal 
maxillary, and a twig from the small meningeal. 

The veins end in the tonsillar plexus, on the lateral side of the tonsil. 

The nerves are derived from thejphenopalatine ganglion, and from the glossopharyn- 
geal nerve. 

Applied Anatomy . — The palatine tonsils can be easily inspected by iiisirueting the 

E atient to throw the head back and open his mouth widely ; the tongue" at the same time 
eing depressed by a spatula or tongue-depressor. The normal tonsil should not project 
beyond the plane of the glossopalatine arch. They -are prone to become enlarged, especi- 
ally in tuberculous children; and when much increased in size they cause great trouble, 
owing to obstruction to respiration and deglutition.' The tonsils may be the seat of acute 
inflammation, which may run on to suppuration, requiring evacuation of the pus. The 
incision into the tonsil should always be made from in front backwards and medialwards. 
Another form of acute inflammation of the tonsil is follicular tonsillitis, due to the l^g- 
ment of micro-organisms in the crypts of the tonsil. The removal of an enlarged tonsil 
is, as a rule, a very simple operation, and is not usually attended with much hiemorrhage, 
unless the patient is Suffering from bsemophilia. , The tonsil may bo the scat of ineJignanl 
growth, either an epithelioma or a lymphosarcoma. 

Palatine aponeurosis. — ^Attached to the posterior border of the hard 
palate 4s a thM, firm fibrous lamella which supports the muscles and gives 
strength to the soft palate. It is thicker above than below, where it becomes 
very thin and diffiemt to define. Laterally it is continuous with the tendon 
of Tensor, veil palatini. 

Blakeway * maintaina ihat the palatine aponeurosis is not a separate structure, but is 
actually the expanded tpndon of the TenjBor veil palatini. 

' ' , aad vol. xlviii 
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Muscles of. 't^e and fauces (fig; 992):: 

Levaliiir veU'Wlatini. , , 

Tensdt veil t»latini. PhsatyngOpailstinus, 

Muscidns uvula. 

The Levator veil palatini (Levator palatl) is a thick, roun^ ii^Mle 
situated laterally to the choana. It arises from the (mder surf a«e of the peuK^ 
part of th€u;^'rapora] bone, immediately in front of the lower opening of the 


Fig. 092. — Dissection of the muftclefi of the, palate from behind. 



^tyloid^ process 

Levator veli 
palatini 

Pterygoid hamulus 
Stylopharyngeus 

^Salpingopharyngeus 


Museutus uvulfx 


Entrance to larynx 


carotid canal, and from the medial lamina of the cartilage of the auditory 
tube. i!dter passing above the upper concave margin of the^ Oon^trictoi^ ^ 
{diaryngis superior, and . in front of the Salp^gopharyngeus, it out 

in the palatine velum, its hbi'es extending obliqudy aovmwc^^ and n^edial wards 
to the middle line, where, they blend with those of the opposite .^e* - ' 

The Tensor veli palatini (Tensor*palati) le a broad, tbm, jmwle . 

laterallyjto the Levator veli palatini. It arises by a flat lam^ta from ‘few sba^^ici 
fossa , at the, base of the medial pterygoid lamina, from tfo l^eJifrai W 
of the spine angularis of the sphenoM, and fr^ the lat^l lai^a of ^ W 
cartilc^e of the aJiiditory tube, I)escending vertoauy between 
pterygoid lamina and the Pterygoideus intenmSi it .ews Sn ;a. wWoi^ 

w^ds round the pt^goid hamidus, being retete^ in 
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the fibres of origin of the Pteiygoidetis intone. Between the traidon 
aaid the hamulus is a small bursa. The tendcm then passes medialwards, and 
,is inserted into the p^tine aponeurosis and into the surface behind the trans: 
verse ridge on the horizontal part of the' palatine bone. 

The Musculus uvulae (Azygos uvulas) arises from the posterior nasal spin^ 
of the palatine bones and from the palatine aponeurosis ; it descends to be 
inserted into the uvula. 

The Glossopalatinus (Palatoglossus) is a small fleshy fasciculus, narrower 
in the middle than at either end, forming, with the mucous membrane covering 
its surface, the glossopalatine arch. It arises from the anterior surface of the 
soft palate, where it is continuous with the muscle of the opposite side, and 
passing downwards, forwards, and lateralwards in front of the palatine tonsil, 
is inserted into the side of the tongue, smm of its fibres spreadii^ over the 
dprajgim, and o thers passing deeply into the substance of the organ to intermingle 
with.tbg Transversus^ 

The i^fiaiyhgbpalatinus (Palatopharyngeus) is a long, fleshy fasciculus 
narrower in the mid^e than at either side, forming, with the mucous membrane 
covering its surface, the pharyngopalatine arch. It is separated from the 
Olossopalatinus by an angular interval, in which the palatine tonsil is lodged. 
It arises from the soft palate, where it is divided into two^^asciculi by the 
Levator veli palatini and Musculus uvulm. The 'posterior fasciculus lies in 
contact with the mucous membrane, and joins with that of the opposite muscle 
in the middle lino ; the anterior fasciculus, the thicker, lies in the soft palate 
between the Levator and Tensor, and joins in the middle line the corresponding 
part of the opposite muscle. Passing lateralwards and downwards behind 
the palatine tonsil, the Pharyngopalatinus joins the Stylopharyngeus, and 
is inserted with that muscle into the posterior border of the thyreoid cartilage, 
some of its fibres ending on the side of the pharynx, and others passing 
across the middle line posteriorly, to decussate with the muscle of the opposite 
side. 


In a dissection of the soft palate from its posterior or pharyngeal surface 
to its anterior or oral surface, the muscles would bo exposed in the following 
order, viz. the posterior fasciculus of the Pharyngopalatinus, covered by 
a continuation of the mucous membrane of the floor of the nasal cavities ; 
the Musculus uvulso ; the Levator veli palatini ; the anterior fasciculus of 
the Pharyngopalatinus ; the aponeurosis of the Tensor veli palatini ; and ths 
Olossopalatinus, covered by a continuation of the oral mucous membrane. 

Nerves. —The Tensor veli palatini is supplied by a branch from the otic gauglion ; 
the remaining muscles of this group are in all probability supplied by the accessory 


neiwe through the pharyngeal plexus.* 

Actions. During the first sta^e of deglutition, the bolus of food is driven back 
into the fauces by the pressure of the tongue against the hard palate, the base of 
the tongue being, at the same time, retracted, and the larynx raised^ with the 
pharynx. During the second stage the entrance to the larynx is closed by the 
drawing forward of the arytasnoid cartilages towards the cushion of the epiglottis 
— a movement produced by the contraction of the Thyreoarytaenoidei, the Arytae- 
noidei, and the Arytajnoepiglottidei. 

After leaving the tongue the bolus passes on to the posterior or laryngeal surface 
of the epiglottis, and glides along this for a certain distance ; then the Glosso- 
palatini, the constrictors of the fauces, contract behind it ; the palatine velum is 
slightly raised by the Levator veli palatini, and made tense by the Tensor veli 
palatini ; and the Fharyngopalatini, by their contraction, pull the pharynx upwards 
over the bolus, and corner nearly together, the uvnJa filling up the slight interval 
between them. By these means the food is prevented from posing into the nasal 
. part of the pharynx ; at the same time, the Fharyngopalatini form an inclined 
plane, directed obliquely downwards and backwards, along the under surface of 
which the bolus descends into the lotrer part of the pharynx. The Salpingo- 
phary^ei raise the up^ and lateral parts of the pharynx, i.e. those parts which 
ere above the points where the Stylopharyngei are attached to the pharynx. 


♦ Tbs innarvation of the soft pahtte, by Aldren Turner, Journal 0/ Anatomy and PhyMayy, 
rolxnUl ^ 
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The Pharynx 

The pharynx is the part of the digestive tube which is placed behind the 
nasal cavities, mouth, and larynx- It is a musciilomembranous tube, about 
14 cm. long, which extends from the under surface of the skull to the sixth 
cervical vertebra and the lower border of the cricoid cartilage. Its width 
varies at differ-'^mt levels ; just below the base of the skull, at the level of j|the 
pharyngeal roces^aes or fosssB of Roseniniiller (p. 1077) it is 3‘6 cm., while at 
the lower part of the laryngeal opening, opposite the pyriform sinuses (p. 1077), 
it is 4*5 cm. ; at the junction of the pharynx with the oesophagus it is only 
about 1*5 cm Tt is limited, above, by the body of the sphenoid and basilar part 
of the occii)ital bone ; below, it is continuous with the oesophagus ; posteriorly^ 
it is connected by loose areolar tissue with the cervical portion of the vertebral 
column and the prcvertebral fascia covering the Longus colli and Longus 
capitis muscles ; anteriorly, it is incomplete, and is attached, from above 
downwards, to the medial pterygoid lamina, pterygomandibular raphe, mandible 


Fig. 993. — Front of nasal part of pharynx, as seen with the laryngoscope. 

fNcual septum 

Neual eonehcB 

Ptuiryngeat recess 


Torus of auditory 
tube 



Phuriniffeal ostium 
of auditory tube 


tongue, hyoid bone, and tuyreoid and cricoid cartilages ; laterally, it is con- 
nected to the styloid processes and their muscles, and is in contact with the 
common and internal carotid arteries, the internal jugular veins, the glosso- 
pharyngeal, vagus, and hypoglossal nc^rves, and the sympathetic trunks, 
and above with small parts of the Pterygoidei intbrni. It communicates 
with the nasal cavities, the tympanic cavities, the mouth, the larynx, and the 
oesophagus. The cavity of the jAarynx may be subdivided from above down- 
wards into three parts : nasal, oral, and laryngeal (fig. 963). 

The nasal part of the pharynx (nasopharynx) lies behind the nose and 
above the level of the soft palate. With’ the exception of the soft palate its 
walls are immovable, and consequently its cavity is never obliterated ; in this 
respect it differs from the oral and laryngeal parts. In front (fig. 993) it 
communicates through the choanas with the nasal cavities. Behind the lower 
edge of the soft palate it opens into the oral part of the pharynx. In the act 
of swallowing this opening is closed by the elevation of the soft palate. On 
its lateral wall is the pharyngeal ostium of the nudity tube, somewhat trianralar 
in shape, and bounded behind' by a firm prominence, the torus or cumion,, 
caused by the medial end of the projecting cartilage of the auditory tube which 
elevates the mucous membrane. A vertical fold of mucous membrane, the 
salpingopharyngeal fold, stretches from the lower part of t^ torus to the wall 
of the pharynx ; it contains the Salpingopharyngeus mui^le. A second and 
smaller fold, the salpingopalatine fold, stretches from the upper part of the torus 
to the palate. Behind the torus is a deep recess, the pharyngeal recess or 
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fo3aa of Rosenmuller, On the posterior wall is a prominence, best marked 
in childhood, produced by a mass of lymphoid tissue, which is known as the 
pharyngeal tonsil 


The pharyngeal tonsil is visible to the naked eye during the later months of foetal life 
and usually increases in size up to the age of six or seven years, after which it not infre- 
quently begins to atrophy. In a child of eighteen months it forms a triangular promi- 
nence the apex of which is near the nasal septum, and the base at the junction of the roof 
and posterior wall of the nasal part of the pharynx. The prominence consists of a number 
of folds which radiate forwards and lateral- 


wards from a median recess, tho pharyngeal 
buTBa, The folds consist mainly of diffuse 
adenoid tissue, but there are also some 
deeply placed mucous glands. The pharyn- 
geal bursa lies close to the base of tho tonsil 
and presents the appearance of a blind 
recess.* 

The oral part of the pharynx 
reaches from the soft palate to the level 
of tho hyoid bone. It opens anteriorly, 
through the isthmus faucium, into the 
mouth, while in its lateral wall, between 
the two palatine arches, is a triangular 
recess, in which the palatine tonsil is 
lodged (p. 1072). 

The laryngeal part of the 
pharynx reaches from the hyoid bone 
to the low'er border of the (‘.ricoid 
cartilage, where it is continuous with 
the oesophagus. In the upper part of 
its anterior wall is the triangular 
entrance of the larynx, the base of 
which is directed forwards and is 
formed by the epiglottis, while its 
lateral boundaries arc constituted by 
the arycpiglottic folds. On either side 
of the laryngeal orifice is a recess, 
the sinus piriformis, bounded medially 
by the aryepiglottic fold, and laterally 
by tho thyreoid cartilage and hyo- 
thyreoid membrane. 


Fig. 904. — The uui»clea of the pharynx 
and cheek. 



Structure. — The pharynx is composed, from within outwards, of throe coats : mucous, 
fibrous and muscular, the last being covered by tho thin biiccopliaryiigdal fascia (p. 486). 

Tlie mucous coat is continuous with that lining tho auditory tubes, the nasal cavities, 
the mouth, and the larynx. In the nasal part of tho pharynx its opithelium is columnar 
and ciliated; in the oral and laryngeal portions the epithelium is stratified squamous. 
Between the region covered by ciliated cohirniiar opithcliurn and that covered by 
squamous epithelium, there is a narrow intermediate zone whore the epithelium is 
cubical, and the cilia are imperfect or absontl Superiorly, this zone lies near the nasal 
septum; laterally it passes over the orifice of the andih^ry tube and inclines backwards 
at the union of the soft palate with the lateral 'wall. J^encath tho mucous membrane are 
found racemose mucous glands; they arc especially numerous at tho upper part of the 
pharynx around the orifices of the auditory tubes. 

The fibrous coat is situated between the mucous and muscular layers. It is thick 
above (pharyngobasilar fascia) where the muscular fibres are wanting, and is firmly con- 
nected to the basilar portion of the occipital and the petrous portions of the temporal 
bonee. As it descends it diminishes in thickness, and is gradually lost. It is 
strengthened posteriorly by a strong fibrous band, which is attached above to tho pharyn- 
geal spine on the under surface of the basilar portion of the occipital bone, and passes 
downwards, forming 4 median raphe, which gives attachment to the Constricton^^ 
pharyngis. 

The muscular coat consists of the muscles of the pharynx. 

* Consult article by J. flyiuington, Briiieh Medical Journal, Oct. 15, 1910. 
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Muscles of the phkrynx — The muscles of the pharynx (fig. 9fl4) axe : 

Constrictor pharyngis inferior. Stylopharyngeus. 

Constiictor pharyngis medius. Salpingopharyngeus. 

Constrictor pharyngis superior. Pharyngopalatinus.* 

The Constrictor pharyngis inferior is the thickest of the constrictors. 
It arises fromJ^he cricoid cartiTage in the interval between the Cricothyreoideua 
in front, and the-^aiticular facet for the inferior cornu of the thjrreoid cartilage 
behind. It arises from the oblique line on the lamina of the thyreoid cartilage, 
from the surface bc'hind this line nearly as far as the posterior border, and from 
the inferior cornu. From these origins the fibres spread backwards and medial- 
wards to bo inscrtetl with tiie muscle of the opposite side into a fibrous raphe 
in the posterior median line of the pharynx. The inferior fibres are horizontal 
and continuous with the circular fibres of the (Bsophagus ; the rest ascend, 
increasing in obliquityj and overlap the Constrictor medius. 

Relations. — The Constrictor pharnygis inferior is covered by the buccopharyngeal 
fascia (p. 436) which surrounds the entire pharynx. Behind ^ the muscle is in relation 
with the vertebral column and the prevcrtobral fascia and muscles; laterally ^ with the 
thyreoid gland, the common carotid artery, and the Stornothyreoideus ; by its internal 
surface t witJi the Constrictor pharyngis medius, the Stylopharyngeus, the Pharyngopala- 
tiuus and the pharyngeal aponeuroaia. The internal branch of the superior laryngeal 
nerve and tli« laryngeal branch of the superior thyreoid artery run near the upper border, 
and the r<3t;urrorit nerve and the laryngeal branch or the inferior thyreoid artery pass 
beneath the low er border of this muscle, before they enter the larynx. 

The Constrictor pharyngis medius is a fan-shaped muscle which arises 
from tho lessor cornu, and from the whole length of the upper border of the 
greater cornu of tl e hyoid bone, and from tho lower part of the stylohyoid 
ligament. The fibres diverge from their origin : the lower ones descend 
beneath the Constrictor inferior, as far as the lower end of the pharymx, the 
middle fibres pass transversely, and the upper fibres ascend and overlap the 
Constrictor HU|)erior. It is inserted, with the muscle of the opposite side, into 
tho posterior median fibrous rapho. 


Relations. — 'I'lit' Constrictor jJiaryugis medius is separated from the Constrictor 
pharyngis superior by the glossopharyngeal uerve, the Stylopharyngeus and the stylo- 
hyoid ligament; and trom the (^onstrictor pharyngis inferior by the internal branch of 
the superior laryngeal nerve and laryngeal branch of the superior thyreoid artery. 
Behind, lies on the pr^ vertebra I fascia, the Longus colli, and the Longus capitis. 
Laterally it is in relation with the carotid 'ti sscIs, tjie pharyngeal plexus, and some lymph- 
glands. Near its origin it is covered by the Ilyoglossus, from which it is separated by the 
lingual vessels. Its inlernal surface lies upon tho Constrictor pharyngis superior, the 
Stylopharyngeus, the PharyngopaUtinus and tho pharyngeal aponeurosis. 


Tlie Constrictor pharyngis superior is a quadrilateral mu.sclo, ^Uiinner 
and paler than the other two. It arises from the lower third of the posterior 
margin of the medial pterygoid lamina and its hamulus, from the pterygo- 
mandibular raphe, from the alveolar process of the mandible above the posterior 
end of the mylohyoid line, and by a few fibres from the side of the tongue. 
The fibres curv’^e backwards to be iiwerted into the median raphe, being also 
prolonged by means of an aponeurosis to the pharyngeal spine on the basilar 
part of the occipital bone. The superior fibres arch beneath the Levator 
veil palatini and the auditory tube. / The inteiwal between the upper border 
of the muscle and the base of the skull is closed by the pharyngobasUar fascia 
(pharyngeal aponeurosis), and is known as thesim«£o/J2om^^ | 

Relations.— The Constrictor pharyngis superior is in relation by its miet eurfaof with 
the prevertebral fascia and muscles, the vertebral column, tl^ internal carotid and 
ascending pharyngeal arteries, the internal jugular vein and pharyngeal venous plezUSr' 
the glossopharyngeal, vagus, hypoglossal and lingual nerves, the sympathetic trunks, 
the Constrictor pharyngis medius and Pterygoideus intemus, styloid process, ^ 
stylohyoid ligament, and the Stylopharyngeus. By its, inienm surface it is In raison 
with the Pharyngopalotinus, the capsule of. the psle^ne tonsil and the . phatytigeal 

♦ The Pbaryngopalatinus is described with the miaioles of the jpalato (p. 1(3^0). . 
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' TheSt^lopb arytiffeus (fig. 98fi) a long, slender mnecle whicii is cylindrical 
^ooye and fiattenra below. It arises from the medial side of the base of the 
$tyloid process of the temporal bone, passes downwards along the side of 
the . pharynx between the Constrictor pharyng|s superior and the Constrictor 
phairynm medins^ and spreads out breath the mucous membrane. Some 
of its fibres' are lost in the constrictor muscles, while others^ joining with the 
/Phmyngopalatinus, are inserted into the posterior border of the thyreoid 
cartilage. The ^ossopharyngeal nerve winds round the lateral side of this 
mufliCle to T^aoh the tongue. 

'3^6 Salpingopharyngeus (fig. 902) arises from the inferior part of the 
cartilage of the auditory tube near its pharyngeal orifice ; it passes downwards 
and blends with the posterior fasciculus of the Pharyngopalatinus. 

Serves.-— The Constrictores and the Salpingopharyngeus supplied by the 
pharyngeal plexus, and the Stylopharyngeus by the glossopharyngeal nerve. The 
Constrictor pharyngia inferior receives additional branches from the external 
laryngeal and recurrent nerves. 

Actions. — ^When deglutition is about to he performed, the pharynx is drawn 
upwards and dilated in different directions, to receive the food propelled into it 
from the mouth. The Stylopharyngei, which are much farther removed from 
one another at their origins than at their insertions; draw the sides of the pharynx 
upwards and lateralwards, and so increase its transverse diameter ; its anteroposterior 
diameter is increased by the larynx and tongue being carried forwards in their 
ascent. As soon as the bolus of food is received in the pharynx, the elevator muscles 
relax, the pharynx descends, and the Constrictores contract upon the bolus, and 
convey it downwards into the oesophagus. 


Applied Anatomy , — Hypertrophy of the Jyiuplioid tissue in the imsal }[)art of the 
phar^x, commonly known as ‘adenoids, Ms a frequent cause of mouth-breathing and all 
its attendant disadvantages and dangers in children. It entails a proneness to inflam- 
mation of all parts of the air-passages and of tbc auditory tubes, and kads to deformed 
development of the palate and dental arch'. In many cases adenoids tend to atrophy 
about the age of puberty, by which time their presence is likely to have caused permanent 
injury to the health and development of the patient. 

The internal carotid artery is in close relation with the pharynx, so that its pulsations 
can be felt through the mouth. Xt has been occasionally wounded by sharp-pointed 
instruments, introduced into the mouth and thrust through the wall of the pharynx. In 
aneurysm of this vessel in the neck, the tumour necessarily bulges into the pharynx, as 
this is the direction in which it meets with the least resistance, nothing lying between 
the vessel and the mucous membrane except the thin Constrictor musclcB, vvliereas on the 
lateral side there are the dense cervical fascia, the muscles descending from the styloid 
process and the margin of the Stemooleidoma-stoideus. 

The mucous membrane of the pharynx is very vascular, and is often the seat of 
inflammation, frequently of a septic; character, since tlie numerous recesses are prone to 
lodga micro-orgamsms. And, in addition, owing to its exposed situation, the mucous 
membrane is liable to be irritated by agents introduced during inspiration. The inflam- 
mation may be attended, with serious consequencjes : it may extend up the auditory tube 
aud involve the middle ear; it may spread to the entrance of the larynx, causing ^ema 
and seriously interfering with respiration; or, invading the lymphatics, it may spread to 
the loose areolar tissue surrounding the pharyngeal wall, and may extend far and wide, 
wmeUmes into the posterior mediastinal cavity dong the oesophagus. Abscess may form 
in th0 edhneetive tissue behind the pharynx, betweert it and the vertebral column, consti- 
tuting what ia'knoiim 9 ,%' retropharyngeal akeoees. This may bo due to caries of. the 
oerviod ir^artebres, or may be caused by suppuration of the lymph-glands, which are 
situbt*^ m tins position oppqsite the. epistropheus, and which receive lymphatics from 
■ Hje .n^sal <^vities* Xn’thm oases the pus may bs easily evacuab^d by incision with a 
gb^ed the mouth, nut it is preferable that the abscess should' bA 

, the itoh. In some iaatanees this is perfectly easy : the abscess can hb felt 

the sidrpf thb ueck; eiM merely requires an incision for its relief; but this 
l^d.than an inpiripn should h^ riong tlie posterior bordeif of the 
^id. the ;4eep; fascia. diyi^ A director is now to be inserted 

into thp;,^«^d., fhe |X me ’ being introduced into the moiith 

.prm^amMe iocts as a guide, and the divecior is te bo pushed 

phwama dJmpus appe^ Jn A pair of rinus forceps is now inserted along. 
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Abscess also occurs lA jEjhildreti. underneath the i]i[^ueou8 znembran'6, between it and the 
pharyngeal afioneurosis. The condition usually arises from ’a peritonsillar inflammation, 
which spreads backwards. In some cases an enormous swelling may forni, which pushes 
forwards the soft palate and gives rise to respiratory obstruction. Int such cases the 
abscess should bo opened through the mouth with the child in the inverted position, so as 

to prevent the first gush of pus from 
• , entering the larynx. 

Fio. I he (esophagus. Foreign bodies not infrequently 

become lodged in the pharynn:, and 
most usually at its termination at 
about the level of the cricoid carti- 
lage, just beyond the reach of the 
finger, as the distance from the arch 
of the teeth to the commencement 
of the oesophagus is about 16 cm. 


The OSsophagus (fig. 995). 

The cesophagus, or gullet, 
is a muscular canal, from 23 cn^ 
t o 25 cm. long. oxten35ngiEp6m 
tEie pharynxtothe stomach. Tt 
begins in the neck at the lower 
border of the cricoid cartilage, 
opposite the sixth cervical verte- 
bra, where it is continuous with 
the lower end of the pharynx. 
It descends along the front of 
the vertebral column, through 
the superior and posterior media- 
stinal cavities, passes through 
the Diaphragm into the abdo- 
men, and ends at the cardiac 
orifice of the stomach, opposite 
the tenth thoracic vertebra. The 
general direction of the oeso- 
phagus is vertical ; but it pre- 
sents two slight curves in its 
course. At its commencement 
it is placed in the middle line ; 
but it inoHnes to the loft side 
as far as the root of the neck, 
gradually passes again to the 
middle line, which it reaches at 
the level of the fifth thoracic 
vertebra, and again deviates to 
the left as it passes forwards to 
the cesophagoal hiatus in the 
Diaphragm. The oesophagus 
also pre^nts anteroposterior 
flexures corresponding to the 
curvatures of the cervical and 
thoracic portions of the verte- 
bral column. It is the PAi^o^est 
part of the digestive tube, and is constricted, (a) at its commencement,. 
(6) where it is crossed by the left bronchus, and (c) where it pierces the 
Diaphragm. 

Relations.— The tervical portion of the oesophagus is in relation, infironi, 
with the trachea, and at the lp%er part of the neck, where it projects to the 
left side, with the thyreoid gland ; behind, it rests U]^n the vertebral column 
and Longus colli muscles ; on either eide it is in relation with ^e common earotid 
artery (especially the left), and parts of the lobes of the thyreoid gl^d ; the 
recurrent nerves ascend betyt'pen it and t^ trache^ ; to its left .ime.is the 
tbpraok duct. 
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Fig. 996. — A section of the human 
CBBOphagus, (From a drawing by 
V. Horsley.) Moderately magni- 
fied. (From Quain*s lillemeuts of 
Anatomy, Vpl. II. Pt. II.) 


l%e thoracic portion of the cesophagns is at first situated in the superior 
mediaatinal cavity between the trachea and the vertebral colunin, a little to 
the left of the n|edian line. It then passes behind and to the ri^t of the 
aortic arch and aescends in the posterior mediastinal cavity, along the right 
side of the descending aorta, then runs in 
front and a little to the left of the aorta, 
and enters the abdomen through the 
Diaphragm at the level of the tenth 
thoracic vertebra. It is in relation, in 
front, with the trachea, the left bronchus, 
the^ pericardium-, and the Diaphragm ; 
behird, it rests upon the vertebral column, 
the Longus colli muscles, the right aortic 
intercostal arteries, the thoracic duct, and 
the hemiazygos and accessory hemiazygos 
veins ; and below, near the Diaphragm, 
upon the front of the aorta. On its left 
side, in the superior mediastinal cavity 
are the terminal part of the aortic arch, 
the left subclavian artery, the thoracic 
duct, and left pleura, while running 
upwards in the angle between it and the 
trachea is the left recurrent nerve ; below, 
it is in relation with the descending 
thoracic aorta. On its right side are the 
right pleura, and the azygos vein which 
it overlaps. Below the roots of the 
lungs the vagi descend in close contact 
with it, the right nerve behind, and the 
left nerve in front of it ; the two nerves 
unite to form a plexus around the 
tube. 

In the lower part of the posterior 
mediastinal cavity the thoracic duct lies 
to the right side of the oesophagus ; 
higher up, it is placed behind it, and 
crossing about the level of the fourth 
thoracic vertebra, is continued upwards 
on its l?ft side. 

The abdominal portion of the oeso- 
phagus is named the antrum cardiamm ; 

it lies in the oesophageal groove on ‘the posterior surface of the left lobe of 
the liver. Jt measures about 1-25 cm. in length, and only its front and left 
aspects -are covered by peritoneum. It is conical in shape,’ and curved sharply 
to the left, the base of the cone being continuous with the cardiac orifice of 
the stomach. 



The section is transverse and rroin near the 
mid'Ile ot the gullet, a. Fibrous (ioverliig. 

b. Divided fibres of longitudinal muscular (»)at. 

c. Transver.'^e muscular fibres, d. Submucous or 
areolar layer, e. Muscularismucoste. /.Mucous 
membrane, with vessels ami part of a lymphoid 
nodule. 17. Stratified epithelial lining. A. 
Muo/ous gland, i. (Jland duct. m'. Striated 
muscular fibres cut across. 


■ Structure (fig. 996), — The oesophagus has four coats ; au external or fibrous, a 
muscular, a submucous or areolar, and an internal or mucous coat. 

The fibrous coat consists of a layer of areolar tissue, containing many elastic fibres. 

' The musoulaT coat is composed of two layers of considerable thickness : an external of 
lonntudin^ ,and an internal of circular fibres. 

The longitudinal fibres form a complete investment for nearly the whole of the oeso- 
phagus, but at the upper part of the back of the tube, at a point between 8 cm. and 4 cm. 
below iiie oxicoid cartilage, they diverge from the middle line and form two longitudinal 
'i^ciculi which incline upwards and forwards to the front of the tube. Here they pass 
beneath the loweiT'^border of the Constrictor pharyngis inferior and end in a stout tendon, 
whi^h ie attached to^ the upper part of the ridge on the posterior surface of the laniifia of 
the <5artijLage. The V-dhaped intervid between the diverging longitudinal fasciculi 

is fined in by the circular fibres, of .the o&sophagus, thinly covered below by some decus- 
efttiiig IbngitUdUnal fibres, and' above by the overlapping lower edge of the Constrictor 
phfiwgis inferior.,: 

' iusttBSSory . slips of tnuieidar fibr^ pass between the oesophagus and the left pleura ^ 
where the latter covers thoracic aorta, or the root of the left bronchus, or thb back, 
of <he pericardium. ^ * 
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The circuhf fibres are oozitiaiious superiorly, on the postmor aspect, wi^ the 
stiictor pharya^s laferior ;Jfi(hteriorly, the uppermost are iiisert^ into the weriw margin^ 
of the tendon w the two longitudinal fasciculi.* i - ^ i. 

The muscular fibres in thb upper part of the oesophagus are of a red colour, ^nd consist 
chiefly of the striped variety ; but in the lower part they consist for the most part of 
involuntary fibres^. j. ' t^. 

The ateolar or sub'mucous coat connects loosely the mucous and muscular coats. 'It 
contains the larger blood-vessels and nerves, as well as mucous glands. 

The .mucous ^^t is thick, of a reddish colour above, and pale below. It is disposed 
in longitudinal folds#rVirhieh disappear on distension of the tube. It consists of (1) a layer 
of stratified squamous epitlielium, lining the tube, (2) a layer of connective tissue, 
papillfe from which project into the epithelium, and (8) the tnuscularis niucosae, a layer 
of longitudinally arranged^ iion-striped muscular fibres. At the commencement of the' 
oesophagus the nmscularis miicos» is absent, or only represented by a few scattered 
bundles; lower down it forms a considerable stratum. 

The oeaoj)haf)cal glanda ere small compound racemose glands of the mucous ^pe; 
they are lodged in the submucous tissue, and each opens upon the surface by a long duct. 

vessels and Nerves. — The arteries supplying the oesophagus are derived from the 
inferior thyreoid branch of the thyreocervieal trunk, from the descending thoracic aorta, 
from the left gastric branch of the cosliac artery, and from the left inferior phrenic brdnch 
of the abdominal aorta. They have for the most part a longitudinal direction. 

The nerves arc* derived from the vagus nerves and from the sympathetic trunks; they 
form a plexus, iii which arc groups of ganglion -cells, between the two layers of the 
muscular coat, aiul a second plexus in the submucous tissue. 

Applied Anatomy . — The oftsophagu.s may be obstructed l>v foreign bodies, and also by 
changes in its coats producing stricture, or by pressure on it from without by new growths 
or aneurysm, &c. The commoner forms of stricture arc : (1) the fibrous, due to cicatrisa- 
tion following destruction of tissue, tb'*. result of swallowing boiling or corrosive fluids — 
hero dilatation of the stricture may be carried out; and (2) malignant, usually epithelio- 
inatous in its nature. This may be situated either at the upper end of the tube, opposite 
the cricoid cartilage, or at its lower end at the cardiac orifice, but is tnost commonly 
found in that part of thi tube which is crossed by the left bronchus. If, in these cases, 
the patient is losing weight from insuifioicnt nourishment, the operation of gastrostomy 
may be performed in order to avoid death from starvation; death, however, most com- 
monly occurs from ulceration of the growth into the modiastinal cavity oi air-passages. 
In cases of non-malignant Rtri.Jtfure of the oesophagus it may be necessary to dilate the 
canal by a bougie, wlien it is of importance that the direction of the oesophagus and its 
relations to surrounding parts si juld bo remembered. In malignant disease of the 
oesophagus, where its tissues have become softened from infiltration of the growth, the 
passage of a l)ougie is a very dangeroas procedure, as a false passage may easily be made, 
and the instnirncnt may pass into tho mediastinal cavity or into one or other pleural 
cavity, or even into the pcricardi\im. 

Til cases of destruction of the ccsc*nhagus, and consequent symptoms of stricture, 
produced by an aneurysm of some part of the aorta Pressing upon this tube, the passage 
of a bougiTwill only hasten the f ital issue, r fid therefore it is essential that the presence 
of an aneurysm should be excluded before such an attempt be made in any form of 
oesophageal obstruction. 

In passing a bougie the left forefinger should be introduced into the mouth, and the 
epiglottis felt for, care being taken not to throw the head too far backwards. The bougie 
is then to be passed beyond the finger until it tbuches the posterior wall of the pharynx. 
The patient is now asked to swallow, and at the moment of swallowing the bougie is 
passed gently onw'ards, any force being carefully avoided. 

It occasionally happens that a foreign body becomes impacted in the oesophagus, and 
can neither be brought upwards nor moved downwards. Wlien all ordinary means for 
its removal have failed , open operation by an incision in the neck is the only resource left. . 
This, of course, can only be performed when the foreign body is not very low down. If 
it is allowed to remain, extensive inflammation and ulceration of the oesophagus may 
ensue, with the development of suppuration and cellulitis in the surrounding tissues. 


THE ABDOMEN 

The abddmen is the largest cavity in the body. The upper extremity 
is formed by the Diaphre^, which extends as a dome over, the abddmimjt so/ 
that the cavity extends high into the bOny thorax,^ reachin^g^ the 
in the mammary line, to the upper border of the fifth rib the lefjt;:^de: it > 

falls below this level by about 2-6 cm. The lower extf'e^^ is forn^ byV 

♦ Abeb Journal of Anatomy and Pkymohyy, Wl. rivlu 
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the structures which clothe the inner surface of the bony Mlvis, princij^aJly 
the Levator ant and Coccygeus on either side. These muscles are sometimes 
termed the 0 / tile pelvis.* 

In order to facilitate description the abdomen is artificially divided into 
two parts : an upper, larger part, the abdomen proper ; and a lower, smaller 
part, the pdvis. These two parts are continuous with one another through 
the superior aperture of the lesser pelvis. 

The abdoj'^'en proper differs from the other cavities of the body in being 
bounded for the most part by muscles and fascise, so that it can vary in capacity 
and shape according to the condition of the viscera which it contains. 

It is bounded in front and at the sides by the abdominal and Iliacus muscles ; 
behind by the vertebral column and the Psoas and Quadratua lumborum 
muscles ; above by the Diaphragm ; heUm by the plane of the superior aperture 
of the lesser pelvis. The muscles forming the boundaries of the cavity are 
lined upon their inner surfaces by a layer of fascia. 

The abdomen contains the greater part of the digestive tube ; it also contains 
the liver, pancreas, spleen, kidneys, and suprarenal glands. Most of these 
structures, as well as the wall of the cavity in which they are contained, are 
more or less covered by ah extensive and complicated serous membrane, the 
periUmeiim, 

Regions. — For convenience of description of the viscera, as well as of 
reference to the morbid conditions of the contained parts, the abdomen is 
divided into nine regions by imaginary planes, two horizontal and two sagittal, 
passing through the cavity, the edges of the planes being indicated by lines 
drawn on the surface of the body. Of the horizontal planes the upper or 
iranspylorio plane of Addison is indicated by a line encircling the body at the 
leveL of a point midway between the jugular notch and the symphysis pubis, 
the lower by a lino carried round the trunk at the level of a point midway 
between the transp^Ioric plane and the sym}>hysis pubis. The latter is 
practically the intertuhercular plane of Cunningham, who pointed out f that 
its level coiTCspoiids the prominent and easily defined tuborcle on the 
iliac crest about 5 cm. behind th. anterior superior iliac spine. By means of 
these planes the abdomen is divided into three zones ; each of those is further 
subdivided into three regions by the two sagittal planes, which are indicated 
on the surface by lines drawn vertically through points halfway between the 
anterior superior iliac spines ana the syinx^hy^^is pubis, j 

The middle region of the upper zone is the epiga,stric ; and the lateral 
regions, the right and left hyp^hemdrme. The central region of the middle 
zone is the ur^Uical ; ard the lateral rcgiojis are tho right and left ly^mbat- 
The middle region of the lower zone is hyipQg,aatric ; and the lateral regions 
are the right and left iliac or inguinal (fig. 998). 

The pelvis is that portion of the abdominal cavity which lies below and 
behind a plane passing through the promontory of the sacrum, the linse terminales 
of the hip-bones, and the pubic crests. It is bounded behind by the saorum, 
coccyx, Piriformes, and the sacrospinous and sacrotuberous ligaments; in 
front and laterally by the ossa pubis and ischia and Obturatores interni ; 
above it communicates with the abdomen proper ; below it is closed by the 
Levatores ani and Coccygei and the urogenital diaphragm. The pelvis contains 
the urinary bladder, the sigmoid colon, the rectum, a few coils of the small 
intestine, and some of the generative organs. 

Wh^n the anterior abdominal wall is removed, the viscera <stro jjartly exposed 
as follows : above and to the right side is the liver, situated chiefly under 

{Journal of Anatomy and Phyaiafogy, vol. xlvii.) found that in a spare male 
subject the height of the abdominopeivic cavity, in a medial sagittal section, was 42 om. ; and 
that the anteroposterior diameter was 7 cm. opposite the twelfth thoracic vertebra, 3 om. opposite 
the umbilicus and 12 cmi opposite the lower put of the Boonim. In a vertical section 3*6 cm. 
to the left of the median plane, ** the abdominopeivio cavity is somewhat hourglass-shaped, 
the constriction of tJie cavity being due to the psoas muscle which attains its maximum forward 
projection at about the level of the umbilicus.” In a vertical section through the left lateral 
plane of tho abdomen the cavity is triangular in outline, with its concave baie above ; in this 
plane the part of tho cavity has a maximum anteroposterior ^iameter of nearly 13 

t Jcurnal of Anatomy and Phymology, voT. xxvit.. 

t IbiiLt vols. xzxiii , xxxiv., xxxv. * 
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the shelter of the right ribs and their cartilages, but extending across the 
md^e line and reachhig for some distance below the level of the xiphoid process. 
To the left of the liver is the stomach, from the lower border of which an apron- 
like fold of peritoneum, the greater omenturay descends for a varying distance, 
and obscures, to a greater or lesser extent, the other viscera. Below it, however. 


Fig. 908. — Surface lines on the front of the thorax and abdomen. 



some of the coils of the small intestine can generally be seen, while in the 
right iliac region the c^cum, and, in the left iliac region, the iliac portion 
of the desoenmng colon, are partly exposed. The bladder occupies the anterior 
part of the pelvis, and, if distended, will project above the symphysis pubis ; 
the rectum lies in the c<mcavity of the sacrum, but is usually obscurM by 
coils of the small intestine. The sigmoid colf)n may lie between the rectum 
and the bladder. 

When the stomach is followed from left to right it is seen to be continuous 
with the fast pajrt of the small intestine, or duodenum, the point of continuity 
being marked by a thickened ring which indicates the position of the pylotio 
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valve. The duodeaium iutsaes Ibowards the under surface of the liver, and thw, 
curving downWarda, is t^t to sight. If, however, the greater omentum and 
transverse colon be thrown upwards over the chest, the inferior part df the 
duodenum will be observed passing across the vertebral column towards the 
Idft side, where it becomes continuous with the coils of the jejunum and iteum.^ 
These measure about six metres in length, and if followed downwards the 
ileum is seen to end in the right iliac fossa by opening into the csscum, 
commencement of the largo intestine. From the esecum the large intestine, 
takes an arche^-^ursc, passing at first upwards on the right side, then across 
the middle line and downwards on the left side, and forming respectively 
the ascending, transverse, and descending parts of the colon. In the pelvis 
it assumes the form of a loop, termed the sigmoid colon, and ends in the return. 

The spleen lies behind the stomach in the left hypochondriac region,, and may 
be in part exposed by pulling the stomach over towards the right aide. 

The glistening ai)pearanco of the deep surface, of the abdominal wall and 
of the surfaces of the exposed viscera is due to the fact that the former is lined, 
and the latter are morf^ or less completely cover^, by a serous membrane, 
the 

t ^ 

The PerttonIsum 

The peritoneum is the largest serous membrane in the body, and consists, 
in the male, of a closed sac, a part of which is applied against the abdominal 

i iarietes, while the remainder is reflected over the contained* viscera. In the 
emale the free ends of the uterine tubes open into the peritoneal cavity. The 
part which lines the parietes is named the parietal portion of the peritoneum ; 
that which is reflected over the contained viscera constitutes the vi^eral portion 
of the peritoneum. The free, surface of the membrane is smoQtJi, covered by 
a layer of flattened endothelium, and lubricated by a small quantity of sprqns 
fluid. Hence the viscera can glide freely on the wall of the cavity or oli one, 
another with the least iK)saible amount of friction. The attachm surface is 
rough, being connected to the viscera and inner surface of tho parietes by 
means of areolar tissue, termed the subserous areolar The parietal 

portion is loosely connected with the fascial lining of the abdomen and pelvis, 
but is more closely adherent to the under surface of the Diaphragm, and also 
in the middle line of the anterior abdominal wall. 

The parietal and visceral layers of the peritoneum are in actual contact, 
but the potential space between them is named the perifmiecd cavity. The 
peritoneal cavity gives off a large diverticulum, the qmf^TUal bjirm^ which 
is situated behind the stomach and adjoining structures ; the neck or com- 
munication between the cav»ty and the bursa is termed the epiploic foramen 
(foramen of Winslow). Formerly tho main portion of the cavity was described 
as the greater sac, and tho omental bursa as the lesser sac of tho pei^itoneum. 

Tho peritoneum differs from the other serous membranes of the body’ in 
presenting a much more complex aixangement, and one that can only be 
clearly understood by following the development of the digestive tube. The 
student therefore is advised to preface his study of the peritoneum by reading 
the chapter dealing with this subject (p. 128). 

To trace the membrane from one viscus to another, and from the viscera 
to tho parietes, it is necessary to fpllow its continuity in the vertical and 
horizontal directions, and it will bo found simpler to describe the main portion 
of the cavity and the omental bursa separately. 

Vertical disposition of the main peritoi^l cavity (greater sac) 
(fig. 999). — It is convenient to trace this from the back of the anterior abdominal 
wall at the level of the umbilicus. On following the peritoneum upwards from 
this level it is seen to be reflected around a fibrous cord, the ligarn^wtum te^es, 
or chliteraied umbilical vein, which reaches from the umbilicus to the irndpr. 
surface of the liver. This reflection forms a somewhat triangular f(d4» the. 
falciform ligament of the liver, attaching the upper, .and antenor smfaoes of 
the liver to the Diaphragm and abdominal wan. With thei .excepwix of the 
line of attachment of thisligament the peritoneum ooters th^ whole of the und^ 
surface of the anterior i^rt of the Diap^agm, and is r^iected from it :on ^ 
the upper surface of the r i^t lobe of the lim as the mffmor of ikk 



, - tmi 

i and bn ip the upper ^nr^iioir^ the left lobe aa the mp&rior taj/er if 

- l^i^ngi^ the liver. Covering the upper and anterior Bprx^e^ 

‘ ox the livbr, it ccmtiaued rbuitd its sharp margin on to the under surface, 
whcve it presents the follovring illations : (a) Xt covers the^under suribceof 
theright lobe and is reflected from the back part of this on to the right suprarenal 
gland and upper extremity of the right kidney, forming in this situation the 
inferior layer of the coronary Ugamerd ; a special fold, the hejpak^enal ligani^, 
is fre^utetly present between the inferior surface of the liver and the front of 
the kidney. , From the kidnev it is carried downwards to the duodenum and 
right colic fliexure and medialwards in front of the inferior vena caya, where 
it is continuous with the posterior wall of the omental bursa. Between the 
two layers of the coronary ligament there is a large triangular surface of the 
liver 4evoid of peritoneal covering : this is named the tore area of the liver, 
and is attached to the Diaphragm by areolar tissue. Towards the right margin 
bf the liver the two layers^of the coronary ligament gradually approach each 
other, and ultimately fuse to forni a small triangular fold connecting the right 
lobe of the liver to the Diaphragm, and named the right triarigular ligametU 
of the liver. The apex of thie bare area corresponds with the point of meeting 
Of the two layers of the coronary bgament, its base with the fossa tor the inferior 
vena cava, (b) K covers, the lower surface of the quadrate lobe, the under 
and lateral surfaces of the gall-bladder, and the under surface and posterior 
border of the loft lobe ; it is then ^fleeted from the upper surface of the left 
lobe to the Diaphragm as the inferior layer of the left triangular ligament, and 
from the porta, of the Uyer and the fossa for the ductus yengsus to the lesser 
curvature of the stomach and the first 2*S cm. of the duodenum as the anterior 
layer of and hepatoduodenal ligaments, which together constitute 

the layer of the lesser omentum be followed to the 

rTght it wiflbe found to turn round the hepatic artery, bile-duct, and portal vein, 
and become continuous with the anterior wall of the omental bursa, forming 
a free folded edge of peritoneum. Traced downwards, the lesser omentum 
covers the anterosuperior surface \of the stomach and the commencement 
of the duodenum, arid is carried down into a large free fold, known as the 
gastrocolic ligament or greater oimntum. Reaching the free margin of this 
1613", it is reflected "upwards to coVer the under and posterior surfaces of the 
transverse colon, and thence to the posterior abdominal wall as the inferior 
layer pf Jthe.<m7Wi;erac mesocolon. It reaches the abdominal wall at the head . 
and anterior border of the pancreas, is then carried down over the lower ptirt 
of the head and over the inferior surface of the pancreas on the superior 
mesenteric vessels, and thence to the small intestine as the anterior layer 
of the mesentery. It encircles the intestine, and subsequently may be traced, 
as the posterior layer of the mesentery, upwards and backwards to the abdominal 
wall. From this it sweeps down over the aorta into the pelvis, where it invests 
the sigmoid (pelvic) colon, its reduplication forming the sigmoid mesocolon 
(p^lyic mesoedipn). Leaving first the sides and then the front of the rectum, 
it ia/reflected on to the seminal vesicles and the fundus of the urinary bladder, 
and after covering the upper surface of that viscus. is carried along the medial 
and lateral umbiUcal ligaments (fig. 1000) on to the back of the abdominal 
wall to the level from wmeh a start was made. 

Between the rectum and the bladder it forms, in the mate, a pouch, the 
thejbottom of which is slightly below the leVcJ of the 
pOhfi3e<3ioiil«B seminales, and about 7-6 cm. from the orifice of 
the bladder ht distended, the peritoneum is carried up vrith 
iisb that a coneiderable part of the anterior surface of the bladder lies directly 
fgainst ^" abdominal wall without the intervention of peritoneal membrane. 
Xa JUie frmaie the peritoneum is reflected from the rectum over the pqstj^or 
. the cervix and body of the uterus, forming the 

Poiyglds. It is continued^ over the intestinal surface 
oTtiKe uterus to fe> its v^gaL surface, which it covers Wfsw 
^ and neck ofi the uterus, and then to the bla^r, . 

a aeoc^, tot pouch, the ves^rVi^r^ excavation. 

K to the lateral walls of the pelvis 

IddSi the free margin 
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Vertical disposition of the omental bursa (lesser sao) (fig. 999).— A 
start may be made in this case on the posterior abdominal wall at the anterior 
border of the pancreas. From this region, the peritoneum may be followed 
upwards over the anterior surface of the pancreas on to the inferior surface 
of the Diaphragm, and thence on to the caudate lobe and caudate proeesa 
of the liver to the fossa for the ductus venosus and the TOrta 
Traced to the right, it is continuous over the inferior vena cava m£n the i^tmor 
wall of the main cavity. From the liver it is carried downwards to ine lesser 
curvature of the stomach and the commencement of the duodenum as the 


Fig. 999. — Thtj vertical diiiiposition of tlie peritonouin. (Main cavity, red; 
omental bursa, blue.) 
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posterior layer of the lesser omentum, and is continuous bn the right, round 
the hepatic artery, bile-duct, and portal vein, with the anterior layer of this 
omentum. The posterior layer of the lesser omentum is carried down as 
a covering for the postero-inferior surface of the stomach and commencement 
of the duodenum, and is continued downwards as the deep layer of the gastro- 
colic ligament or greater omentum. From the free margin of this fold it is 
reflected upwards to the anterior and superior, suriaees of the transverae colon, 
and thence as the superior layer of the transverse m^ocblon to tho anteifbr 
border of the pancreas, the level from which a start was made. It will be 
seen that the loop formed by the wall of the omental bursa below the transverse 
colon fohows, and is closely applied to, the deep surface of that formed by the 
peritoneum of the main cavity, and that the greater omentum or large fold 
of mritoneum which hangs in front of the small intestine therefore consists 
of tour layers, tv^o anterior and two posterior, separated by the potehtbd 
ciavity of the omental bursa. The transverse colon lies between the two* 
posterior layers. 

Horizontal disposition of the peritoneum.— Below the tCjansverse 
colon the arrangement is simple, as it includes only the main cavity.; above 
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l^vel of tho transverse colon it is more complicated on ai^nount of the 
existence of the omental bursa, , Below the transverse colon it may be 
Considered in the two regions, viz. in the pelvis and in the* abdomen 
' proper, 

(1) In the pdvis , — The peritoneum here follows closely the surfaces of the 
^Ivio viscera and the inequalities of the pelvic walls, and presents important 
differences in the two sexes, (a) In the male (fig. 1001) it encircles tho*sigmoid 
colon, from which it is reflected to tho posterior wall of the pelvis as a fold, 
the aigmoid mesocolon. It leaves tho sides and, finally, the front of tho rectum. 


Fig. 1000, — A posterior view of the lower part of. the anterior abdominal wall. 
The peritoneum is in place, and tho various cords are sliininK throudi. 
(After Joessel.) 



Supravesical fovea 


and is continued over the upper parts of tho seminal vesicles on to the upper 
surface of tho bladder ; on either side of the rectum it forms a fossa, tho para- 
which varies in size with the distension of tho rectum. In front 
of the rectum tho peritoneum forms the rectovesical excavation, which is 
limitedslaterally by peritoneal folds extending from the sides of the bladder 
to the rectum and sacrum. These folds are known, from their position, as 
the ref^taiml or aacrpgenital folds. The peritoneum of the anterior pelvic 
wall covers the superior surface of the bladder, and on either side of this viscua 
forms a depression, termed the which is limited laterally 

by thh fold of peritoneum coverif^ the ductus deferens. Tho size of this 
fossa is dependent on the state of distension of tho bladder ; when the, bladder 
is empty, a variable fold of peritoneum, tho plica vesicalisiransversa, divides 
the fossa into two porti(^. On the peritoneum between the paravesical 
aM parare^bid fosses the only elevations are those produced by the ureters 
and the hypogastric vessels. (6) In (he fermle, pararectal and paravesical 
dl, * 
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fosBSd similar to thdto in the male are present : the lateral limit of the para-^ 
vesical fossa is th0 peritoneum inve^fcmg the round ligament of the uteiiiw^ 
The rectovesical ei^avation is, however, divided by the uterus and vagina 
into a small anterior vesico-uterine and a large, deep, posterior recto-uterine 
excavation. .The sacrogenital folds form the margins of the latter, and are 
continued on to the back of the uterus and the posterior fornix of the vagina 
as a transverse fold, the tqrv^, uteriv/us. The broad ligaments extend from 
the sides of the uterus to the lateral walls of the pelvis ; they contain in their 
free margin^the uterine tubes, and in their posterior layers the ovaries. > Below, 
the broad ligaShenis are continuous with the peritoneum on the latcrat walls 
of the pelvis. On the lateral pelvic wall behind the attachment of the brood 


Fig. 1001. — The peritoneum of the male pelvis. (Dixon and Birmingham.) 



ligament, in the angle between th^ elevation^ .product, by the obliterated 
hypogastric aiteiy and the ureter” Js'a slight fossa, tlie cmrian/ossd, in which 
the ovary normally lies. ' 

(2) In the lower abdomen (fig. 1002). — Starting from the linea alba, below 

the level of the transverse colon, and tracing the continuity of the peritoneum 
in a horizontal direction to the right, the membrane covers the inner surface 
of the abdominal wall almost os far as the lateral border of the Quadratus 
lumborum ; it encloses the csecum and vermiform process, and is reflected 
over the sides and front of the ascending colcm ; it may then be traced over 
the duodenum, Psoas major, and inferior vena cava« towards the middledine> 
whence it passes along the mesenteric vessels to invest the small intestine, 
and back again to the large vessels in front of the vertebral column/ forming 
the mesentery^ between the layers of which are contained the mesenterio blbod-^ 
vessels, nerv^, lacteals, and lymph-glands. It is then continued pVer the 
left PscMbs major ; it covers the sides and front of tke'^descen^g colon; mdt 
reaching the abdominal wall, is carried on it to the middle Ihie. ^ 

(3) In the upper (fig. 1003).r-^Above the fransverim <^lpn'^ 

omental bursa *is superadded to the general san; and the 

the two cavities with one another foitpsen^eM he 

denmnstrated. > /v- 
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^ (a) Main (^^^.HCipmmenomg oA the posterior abdominal irall at the 
inferior vena cava, the peritoneum may be followed to the right over the front 
of the right suprarenal gland and upper part oi tho right Tddney on to the 
anterolatOTal abdominal wall; Prom the middle line of the anterior wall a 
backwardly directed fold encircles the obliterated umbilical vein and forms 
the falciform ligament of the liver« Continuing to the loft, the peritoneum* 
lines the antero^teral abdominal wall and covers tjie lateral part .of tho front 
of the left kidney, and is reflected to tho posterior border of the hilum of the 
spleen as the posterior layer of the pAremcoItenal ligament (lienoronal ligament). 
It can be traced round tne surface of the spleen to the front of tho hilum, and 
thence to the cardiac end of the greater curvature of the stomach as the anterior 


Fig. 1002. — Tho horizontal disposition of the jifiriioiioimi in tlie lower part of 

tlio abdomen. 

Jfecfuit 



layer of the gastrolienal ligaimrU (gastrosplenic omontum). It covers the 
anterosuporior surface of the stomach and commencement of the duodenum, 
and extends up from the lesser curvature of the stomach to the liver as the 
anterior layer of the lesser omentum. 

(6) Omental bursa . — On tho posterior abdominal wall the peritoneum of 
the general cavity is continuous with that of the omental bursa in front of the 
inferior vena cava. Starting from here, the bursa may bo traced across the 
aort-a and over the medial part of the front of tho left kiduoj and Diaphragm 
to the hilum of the spleen as the anterior layer of tho phremcolienal ligament. 
From the spleen it is reflected to the stomach as the posterior layer of the 
gastrolienal ligament. It covers tho postcro-inferior surface of the stomach 
and commencement of the duodenum,, and extends upwards to the liver as 
the 'posteripi' layer of the lesser omentum ; the right margin of this layer 
is cofltinifous round the hepatic artery, bile-duct, and portal vein with the 
wall of the main cavity. The Uenal vessels run between the two layers of the 
phrenicolienal ligament, and the short gastric and left gastro-epiploic vessels 
between the two layers of tfie gaetrolienal ligament. 

The epiploic foramen (foramen of Winslow) (fig. 1076) is the communication 
.between the main cavity, and the omental bursa. It is boimded in Jront by 
the free border of the lo^r om€aitum,,with the common bile-duct, hepatie 
artery, and portal vein between its two layers ; hehiind by the mri^nenm 
covering the inferior vena cava ; a6<M?e by the peritoneum on, the caudate 
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I>rocos 8 of the liver; and bdow by the peritoneum covering the commencement 
of the duodenum and the hepatic artery, the latter passing forwards below the 
foramen before ascending between the two layers of the lesser omentum. 

The boundaries and the extent of the omental bursa will now bo evident. 
It is bounded in front, from above downwards, by the caudate lobe of the 
liver, the lesser omentum, the stomach, and the two anterior layers of the 
greater omentum. Behind it is limited, from below upwards, by the two 
posterior laye:::r'of the great or omentum, the transverse colon, and the ascending 
layer of the transverse mesocolon, the anterior surface of the pancreas, the left 
suprarenal gland, and the upper end of the left kidney. To the right of the 
c esophageal opening of the stomach it is bounded by that part of the Diaphragm 
which supports the caudate lobe of the liver and by the aorta and the inferior 
vena cava. Laterally, the bursa extends from the epiploic foramen to the 
spleen, where it is limited by the phrenicolienal and gastrolienal ligaments. 


Fi(i. lOOo. — Tlji* lirjrizoiital clispusitioii of the peritoueum iu the iippt*r part of 

the abdomcTi. 


Lesser omentum 
/ Falciform liyument of liver 



A ortfi 


The omental bursa consists of 4 , vestibule .and .thj*ep_recesses, a superior, 
a ntiddle and an inferior. 

Tho'^estil^k is a narrow channel situated immediately to the left . 
epiploic foramen, below the caudate process of the liver, above the head of 
the pancreaS and superior part of the duodenum, and behind, the hepatoduodenal 
lig^ent (p. 1094). The hepatic artery, portal vein, and common bile-duct 
pass forwards below the vestibule and then ascend between the two layers 
of the hepatoduodenal ligament. "^The mpmqr reodSB extends upwards from 
the vestibule behind the porta hopatis and t!he caudate lobe of the liver, and 
in front of the Diaphragm and aorta. Tbe'^iddk recess, a small but variable 
pouch, descends between the lesser Qigientuip and the^pancreas. The vestibule 
and the superior and middle recesses together cemtitute the 
minori^, Thef4nferior recess, or bursa omenti majom^^lies behiadJSuE^^^it^ 
and extends as a large Uenal recess betw^een^e itol^h. a 9 d.j!^§ spleen. In 
the foetus the inferior recess roaches as low aiTChe Iree margin of the greater 
omentum, but in the adult the veriical extent of the recess is much more 
limited owing to adhesions between the layers of the greater omentum. 

The vestibule and the inferior recess may be shut off from one another 
by a complete septum bursaf^nif but in most cases they commun^te through 
a rounded opeijffigTthyyomw^a burs^ o^ntirm^^ This opening is limited 
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ligament a sickle-shaped fold of peritoneum 
which encl oses tfeleR gastm artery, and extends from the tuber omcntalo 
J'.b? pancreas.to the. baci of the fundus of the stomach. 

Crymble* states that two gastvopancreatio ligaments can frequently be distinguishcfl, 
viz. a I'ertkcal fold attaching the posterior border of the lesser curvat ure of the stomach 
to the Diaphragm and pancreas, and a horizontal fold between the pyloric part the 


Fig. 1004.— a diagram devised by Delepine to show tlie lines along which tlu' 
peritoneum leaves the wall of the abdomen to invest tluj viscera. 
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st(»mac.h and the pancreas. Tie gives as the boundaries of the foramen bnism oiiienti 
majoris, the lesser curvature of the stomach, the pancreas and the gastropancreatic 
ligaments. He found these ligaments absent in seven rmt of thirty live subjects. 

During a> considerable part of fcetal life the transverse colon is suspended 
from the posterior abdominal wall by a mesentery of its own, the two ]^osterior 
layers of the greater omentum passing at this stage in front of t be colon (fig. 208). 
This condition occasionally jiersists throughout life, but as a rule adhesion 
occurs between the mesentery of the transverse colon and the posterior layer 

• Joumil 0/ AntUomy and Phymlogy, vol. xlvii. 
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of the greater omentum, with the result that the colon appears to receive its 
peritoneal covering by the splitting of the two posterior layers of the latter 
fold. In the adult the omental bursa intervenes between the stomach and 
tho structiuos on which that viscus lies, ^nd performs therefore the functions 
of a serous bursa for the stomach. 

Numerous peritoneal folds extend between the various organs or connect 
them to the' pwrietes ; they serve to hold the viscera in position, and, at the 
same time, enclose the. vessels and nerves proceeding to them. They are 
grouped as UgamQiits, omenta,, and pie^nteries. 

The ligal^Lents ^vill he described with their respective organs. 

Thcjre are two omenta, the lesser and the greater. 

Tho lesser omentum is the fold which extends to the liver from the lesser 
curvature of the stomach and the commencement of the duodenum. It is 
continuous with the two layers of peritoneum which cover respectively the 
antorosuperior and •postero-inferior surfaces of the stomach and first part 
of the duodenum. When these two layers reach the lessor curvature of the 
stomach and the upper border of the duodenum, they unite and asceud ?ts 


Fio. 1005. — The .superior and inferior duodenal fossir. (Poirier and Oharpy.) 

^ Inferior mcsentcrir vein 

Duodenojejunal fold 

Supdiior duodenal fossa 



Inferior duodenal fossa 

~^DuodenomesocoVc fold 
Left colic artery 


a double fold to tho porta hepatis ; to the left of the porta hepatis the fold 
is attached to the bottom of the fossa for the ductus venosus, along which 
it is carried to tho Diaphragm, where tho twb'layers separate to embrace 
the end of the oesophagus. At the right border of the omentum the two layers 
are contmuous, ana form a free margin which constitutes tho anterior boundary 
of the epiploic foramen. The portion of the lesser omentum extending between 
the liver and stomach is termed the hepatogastric ligament, wkUo that between 
the liver and duodenum is the hepatodu^enal ligament. Between the two 
layers of the lesser omentum, close to the right free margin, are the hepatic 
artery, tho common bile-duct, the portal vein, l^phatics, and the hepatic 
plexus of nerves— all those structures being enclosea in ajibrous capsyhlQpBSon\ 
capsule). The right and left gastric arteries tun between fhe layers of the 
lesser' omentum, where these are attached to the stomach. 

Tho greater omentum is the largest peritoneal fold. It consists of a double 
sheet of peritoneum, folded on itself so that it is made up of four layers. The 
two layers which descend from the stomach and commencement of the 
duodenum pass in front of the small intestines, sometimes as low do'vm as 
the pelvis ; they then turn upon themselves, and ascend again as, far as the 
transverse colon, where they separate and enclose that part^ of the intestine. 
These individual layers may be easily demonstrated in the young subject, , 
but in the adult they are more or less inseparably blended. The left bosEder 
of the ^eator omentum is continuous with the gastrolienal ' ligsment ; its 
right bojrder extends as far as the commencement of the duoaenum. The 
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greats omenttim is usually thin, presents a cribriform appearance, and always 
contains some adlpofiie tissue, which in fat people accum^ates in considerable 
: quantity. Between its two anterior layers, a short distance from the greater 
curvature of the stomach, is the an^tomoais between the right and left 
, gastro-epiploic vessels. 

The mesenteries are : the^mesentery (mesentery proper), the mesenteriole 
of the vermiform process, the transverse mesocolon, and the sigmoid mesocoloii. 
In addition to these there are sometimes an ascending and a descending meso- 
colon. 

The nmeniery is a broad, fan'Shax)6d fold of peritoneum connecting the 
convolutions of the jejunum and ileum with the posterior wall of the abdomen. 
,itgL.JCfififr^the border connected with the structures in front of the vertebral 
column — ^is narrow, ^pjit . Jj 5 cm. long, and is directed obliquely from the 


Fio. 1006 . — The duodenojejunal fossa. (Poirier and Charpy.) 



Inferior mesenteric arUry 


duodenoxejjuual flexure at the left ,side of the second lumbar vertebra to the 
sJrtiQUlfttiOU. (fig. 1004). Its intestinal border is nearly 7 metres 
long ; and here the two layers separate to enclose the intestine and form 
its peritoneal coat. Ijus^short^ubove, but len^hens rapidly to about 20 cm., 
and is thrown into numerous plaits or folds. It suspends the small intestine, 
and contains between its layers the jejunal and ileal branches of the superior 
mesenteric artery, with their accompanying veins and plexuses of nerves, 
the lacteal vessels, the mesenteric lymph-glands, and a varying amount of 
fatty tissue, . 

. . The mesmteriole 6f the vermiform process is attached to the back of the 
lower end of the mesenter^^ close to the iloocsscal junction, and passes behind 
the termihal part of the ileum to clothe the appendix. Between its layers 
ftre the blood-vess^,, nerves and lymphatic vessels of the a]3pendix together 

The t^nScohn iS »a broad fold connecting the transverse colon 

to the i)o«terior ws^ of the ^desnen. It is continuous with the two posterior 
layers of the g^ter onienti^, whieh, alter separating to surround the trails'^ 
v^se Gole^, joip behind it, ^d sm continued to the vertebral column, wbelre 
they diye^^.in front of the anterior border of the pancreas. This fold contains. 
%rtw^ ito JayeiB ves^ls which supply the transverse colon. 
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The sigmoid mea(mlon is a fold of peritoneum which retains the sigmoid 
colon in connexion with the pelvic wall. Its line of at^chmeiit forms a 
V'Shaped curve, the apex of the curve being placed near the point of division 
of the left coirimpn iliac artery. The curve begins ©n the^med of the 

left Psoas major, and runs upwards and bacTtwafds^to tlie apex, from which 

1007. — Superior ifcocaecal (Poirier and Charpy.) 
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II turn 


it bends shar])ly downwards, and ends in the median plane at the level of 
the third sacral vertebra. The sigmoid and superior haDmoiThoidal vessels 
run between the two layers of this fold. 

In most eases the pei itonouiii covers only the front and sides of tlie ascending 
and descending parts of the colon. Sometimes, however, these aro surrounded 
by peritoneum and attached to the posterior abdominal wall by an ascending 
and a descending mesocolon icsjjecth ely. A fold of peritoneum, the phrenico- 
colic ligament, is continued from the left colic flexure to the Diaphragm opposite 

Kio. 1008. — lijfciior tossa. The cff3cum and ascending colon have been 

drawn latcralwards and dowuwiids, thr ileum upwards and backwards, and 
the verrniforiii process downwards. (T*oirier and Charpy.) 



'SJWi eleventh ribs ; it passes below and serves to support the spleen, 
and therefore has received the name of susfmtu^um lien^js,* 

The (tj^evdices tipiphnccB are small pouches of the peritoneum filled vrith 
fat and situated along the colon and upper part of the rectum> They are 
chiefly appended to the transv^erso and sigmoid parts of tii© cojoh^ 
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Peritoneal recesses or foss^. — ^In certain parts of the abdominal cavity 
there are recesses of peritoneum forming culs-de-sao or pouches, which arc of 
surgical interest in connexion with the possibility of the occurrence of * iifitro- 
peritoneal ’ hernias. The largest of these is the omental bursa (already 
described), but several others, of smaller size, require mention, and may be 
divided into three groups, viz.' : duodenal, cascal, and intersigmoid. 

1. Duodenal 'fossce (figs. 1005, 1006). — ^Three are fairly constant, viz. : 
(o) Thaizirffijrio? diipdeivaljossa, present in from 70 to 75 per cent, of cases, is 
situated opposite jihe fctod lumbar vertebra, on . the left side of the ascending 
portion, of the 'duodenum. Its opening is directed upwards, and is bounded 
by a thin sharp fold of, peritoneum with a edneayo margin, called tlie d ^ uoden o- 
The tip of the index finger introduced into the fossji under 


Fig, 1009. — The ciecal fossa. Tho ileurn uiid ca‘L*iiiii arc draw ii bnt'kwEirds and 

upwards. (Souligoux.) 


Inferior ileocacal 



the fold passes some little distance behind the ascending portion of the duo- 
denum. (6) The superior duodenal fossa, present in from 40 to 50 per cent, 
of cases, often co-exists with tho inferior, and its orifice looks downwards. 
It lies on the left of the ascending portion of tho duodenum, in front of the 
second . lumbar vertebra, and behind a sickle-shaped fold of peritoneum, the 
du^er^^unal fold, and has a depth of about 2 cm. (r) Tho duodenojejunal 
fissa exists in from 15 to 20 per cent, of cases, but has never yet been found 
in conjunction with tbe other forms of duodenal fossao ; it can be seen by 
pulling the jejunum downwards and to the right, after tho transverse colon 
has been pull^ upwards. It is bounded above by the pancreas, to the right 
,^rta, and to the left by the kidney ; beneath is the left renar vein. 
It has a depth of from 2 cm. to 3 cm., and its orifice, directed downwards 
an<ljtQ„the..xi^t, is ^I'd will admit tho tip of the little 

finger. 

2. C cecal fossce. — There are three principal pouches or recesses in the neigh- 
bourhood of the oaeoum : (a) The superior* ilepcceeal fgssa (fig. 1007) is formed 
by a fold of peritoneum^ arching..pyer tfie, branch of the ileocolic artery which 
supplies the ileocolic junction. The fossa is a harrow chink situated between 
the mesentery of the small intestine, the ileum, and the small portion of the 
e^ecam behind, (ft) The wfeitdor^ileoccecal fossa (fig. 1008) is situated behind 
the angle* of junction of the Uenm and csecum. It is formed by the inferior 
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ileoccecalfold of peritoneum (Ijiogdl^s foW <rf Tgfejw), the upper-bOTflerof uijiioh 
ie fixed to the ileum^. opposHe^s aUi^hment) whQe 

border, passing over the ileocasoal junction, joins the mesehteriolerc^ i/he 
vermiform process, and sometimes the process itself* Between this fold 
and the mesenterioJe of the vermiform process is the inferior ileocssoal fos^. . 
It is bounded abeve by the j^osterior sunace of the ileum and the mesentery ; 
in front and below by the ileocsecal fold, and behind by the upper imrt of the 
mesenteriole"^t3f the vermiform process, (c) The (fig. 1009) is 

situated immecOtH^ely behind the caecum, which has be raised to bring it 
into view. It varies much in size and extent. In some cases it is sufficiently, 
large to admit the index finger, and extends upwards behind the ascending 
colon in the direction of the kidney ; in others it is merely a shallow depression. 
It is bounded on the right by the cascal fold, which is attached by one edge 
to the abdominal wall from the low'er border of the kidney to the iliac, fos^a, 
and by the other to the posterolateral aspect of the colon. In some instances 
additional fosra, the retrocceml fqssce, are present. 

3. The intersigmoid fossa is constant in the feetus and during infancy, but 
disappears in a certain percentage of cases as age advances. Upon drawing 
the sigmoid colon upwards, the left surface of the sigmoid mesocolon is exposed, 
and on it will be seen funnel-shaped recess of' the peritoucum, lymg.on-th© 
external iliac vessels, in the. interspace between the Psoas and lliacus muscles. 
This is the orifice leading to' the intersigmoid fossa, which lies behind the 
sigmoid mesocolon, and in front of the pkrietal peritoneum. The fossa varies 
in size ; in some instances it is*a mere dimple, in others it will admit the whole 
of the index finger. 

Applied Anatomy . — Any of these fossae may be the site of a ‘retroperitoneal * hernia. 
The coBcal fossae are of especial interest, bccauoe hernia of the vermiform process fre- 
quontly takes place i 'to one of them, and it may there become strangulated. The 
presence of these poucJies also explains the course vvliich pus has been known to take in 
cases of perforation of the vormifonja process, where it travels upwards behind the 
ascending colon as far as the Diaphragm.* 


Thi'; Stomach (Vbntriculus) 

'^The stomach is the most dilated part of the digestive tube, and is situated 
between the end of the oesophagus and the beginning of the small intestine. 
It lies in the epigastric, umbilical, and left hypochondriac regions of the 
abdomen, and occupies a recess bounded by the upper abdominal viscera, 
and couipieted in front and on the left side by the anterior abdominal wall 
and the Diaphragm. . . , 

The aAape and position of th3 stomach are so greatly modified by changes 
within itself and in the surrounding viscera that no one form can be described 
as typical. The chief modifications are determined by (1) the amount of 
the stomach contents, (2) the stage which the digestive process has reached, 
(3) the dejp^ee of development of the gastric musculaturey. and (4) the condition 
of tlie adjacent intestines. It is^ however, possible l>y comparing a series 
of stomachs, which have been hardened in situ, to determine certain markings 
more or less common to all (fig. 1010). j y 

The stomach presents two openings, two borders Ob curvatures; and two 
surfaces. . . " 

Opening's. — ^The opening by which the j^i^^agus communicates with 
the stomach is known as the catdiac orifice^ .situated on the left’ of the 
middle line at the level of tho tenth thoracic v^bra* The sh<»t abdoxfitad 
poriion of the oesophagus {antni/m cardiofcvm) ja' ^ical in shape and eubved 
sharply to the left, the base of the (Mone being witlb .ld^^ 

orifice of the stomach. The right margin of the fit Wi rytInu fflViy 

with the Jesser curvature of the stomachy while the left ioins the \ 

curvature at an acute angle, termed the ^ > 

The jpytofte orijjice communicates tooitSc^: 

> usually indicated on the surface of th#i^<^ach by* a 

' / * On’the'^mtomy of thcisS see the Af^ 
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■ dw^em^lorie amatrietion . This orifioe lies to the right of the middle line 

Cunratures. — ^The leaser curvature^ extending between the cardiac and 
pyloric oriiices, forms the right or posterior border of the stomach. It descends 
its a continuation of the right margin of the oosophagus in front of the fibres ‘ 
of the right crus of the Diaphragm, and then, turiiing to the right, it crosses 
the first lumbar vertebra and ends at the pylorus. Nearer its pyloric than 
its .cardiac end is a well-marked notch, the which varies 

somewhat in position with the state of distension of the viscus ; it serves to 
separata thO stomach into a right and a left portion. The lesser curvature 
gives attachment to the two-iayers of tlm h epatogastric Ij^l^amLen t, and between 
these two layers right and lef^ 

The g y^eflcwniature, is directed mainly forwards, and is four or fiye times 
a a long ^ th e Jesj^er Starting from the oardiac orifice at the iheisura 

eardi^a, it forms an arch backwards, upwards, and to the left ; the hi gh est 
poiufc.pf_the c^pnyexity is on a^ level ydth the sixth left costal cartila;ge. ixbm 
this leveiTt iSay be follow^ "downwards and forwards, with" a '^iglit convexity 
to the left as lbw„as the cartilage of the ninth rib ; it then turns to the right, 


Fig. 1010. — An outline of tlic stomuch, showing its anatomical landmarks. 
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to end at the pylorus. Directly opposite tho incisura angularis of the lesser 
curvature the greater curvature presents a dilatation, which is tho left extremity 
of tho pyloric pari ; this dilatation is limited on the right by a slight groove, 
the which is about 2*5 cm. from the duodenopyloric con- 

striction. ®he portion between the sulcus intermedins and tho duodenopyloric 
Constriction is termed the ' Pyloric arUrtim, At its commencement the greater 
curvature is covered by peritoneum continuous with that on the front of 
the stomach. The part of the curvature gives attachment to the gastrolienal 
liga^meifi^ while to its, interior portion are attached the two layers of the greater 
omentum, separated ^rom, each other, by the gastro-epiploic vessels. 

"Slirfaces. — ^When. the stomach is in the contracted condition, its surfaces 
are directed upwards and downwards respectively, but when the vispus is 
distended they look forwards and backwards. They may tlierefore be described 
as anterosuperior and postero^erior. 

Anteroauperior surfaee.^'^e left half, of .^tfeis.jji^ is in contact with 
thfe Diaptoa gnx, which separates 

and the eig hth r rifcs and intercost al spa ces of ^tho. left.ridc. 

The ri^tj^fe in relation withjhe^^andj^^ tbp liier and 

the ant erior aMom iniil^^^ When the stomach is empty, the transverse 
^on* may He' bn lh^ront part of this surface. The whole surface is covered 


ntoneum. . : 

le, aurjjSgice is? relation with the Diaphragm, the spleenJ 


■bHo AeA ghmd, 

anterijfxr of the pancr^; 


$ part of the front of the left kidney, th^ 
b wt colic flexure, and the upper layer ofi 


ther trapsrersh mefsocoloh, S^hese^Mruotures for^i a shs^ow bed,, jhe 
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bfsit. on wKioh tho bbcus rests. The transTerse mesocolon separates the 
stomach from the du^enojejuual flexure amd small intestine, postero- 

inferior surface is covered by peritoneum, exce^' 
Fio. 1011.— A diagram show- over a smalUroa close to the cardiac orifice ; this- 

ing the shape and position area is limited, by;. the lines ot atteotolSlfl' q£ the 

of the empty stomach. ^frqpArenj(;l^l{^$»f,andliesiaappositipn.with 

Ercet posture. (After the Li^hragm, and frequenfily with the upper 

portion of the left suprarenal ^and. 

Component parts of the stomach . — A plane passing 
through the incisura angularis on the lesser curvature 
and the left limit of the opposed dilatation on the 
greater curvature divides the stomach injo a left por- 
tion or body and a right or pylpria portion. The upper 
portion of the body is known as the funduBt and is 
marked off from the remainder of the body by a plane 
passing horizontally through the cardiac orifice. The 
pyloric portion is divided by a plane through the sulcus, 
intermedius at right angles to the long axis of this 
portion;" the part to the right of this plane is the 
pylorio (rntruLm (fig.' 1010). 

By means of x-rays the form and position of the 
jStomach can be studied in the living subject after the 
Fig. 1012. -A diagram show- adnoinistration of a meal containing bismuth. During 

ing the shape and position 4ihe process of digestion, it will be found divided by a 

of the distended stomach. muscular constriction into a large dilated left portion, 

Erect posture. (After and a narrow contracteu tubular right portion. The 

Hertz.) constriction is in the bc ly of the stomach, and does 

not follow any oE the anatomical landmarks; indeed,, 
it shifts gradually iow'ards the left as digestion pro- 
gresses, i.e. uiore of the body is gradually absorbctl 
into the tubular part. The position of the stomach 
varies with the posture, with the amoimi of the 
stomach contents, and with the condition of the in- 
testines on which it rests (figs. 1011 to 1013), 
the erect posture the empty stomach is somewhat 
J -shaped ; the part, above tho cardiac orifice is usually 
distended with, gas ; the pylorus descends to , the level 
oE tho second lumbar vertebra, and tho most depen- 
dent part of the stomach is at tho lev(?l of the um- 
bilicus. Variation in the amount of its contents 
affects mainly tho cardiac portion, the pyloric portion 
remaining in a more or less contracted condition 
during the process of digestion. As the stomach filK 
Fig. 1013.- -A diagram sbou- it tends to expand forwards and downwards in tlit‘ 

ing the shape and position direction of least resistance, but when this is inter- 

of tlie moderately filled fored with by a distended condition of the colon or 

stomach. Erect posture. iiibestincs the fundus presses upwards on the liver and 

(After Hertz.) Diaphragm and gives rise to the feelings of oppression 

and palpitation complained of in such cases. His'^ 
and Cunningham f have shown by hardening the 
viscera in situ that the contracted stomach has a sickle 
shape*., the fundus looking directly backwards. The 
surfaces arc directed upwards and downwards, tlie 
upper surface Jjaving, however, a gradual downwar<l 
slope to the right. The greater curvature is in front 
and at a slightly liighor level than the lesser. 

Tho position of tho full stomach depends, as 
already indicated, on the state of the intestines : when 
tliese are empty the fundus expands vertically and 
also forwards, the pylorus is displaced towards the 
right, and the whole organ assumed an oblique posi- 
tion , so that its surfaces are directed more forwards 
and backwards. The lowest part of the stomach is at 
the pyloric vestibule, which reaches to the region of 
tl)e umbilicus. Where the intestines interfere witli the downward expansion ‘of tho 
fundus the stomach retains the horizontal position which is characteristic of the con* 
tracted visous. 

Interior of the stomach.-— Whou examined after deaths the stomach is usually fixed 

♦ ArcMvfUr Anahmie und PhyHologkr anat. Abth., 1903. 
flTransacfions of the Boyal Society of Edinburgh, vol. xlv. part i. ^ 
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■ftfc some temporary stage of tho digestive process, A comnioii form is that shown in 
ng. 1014. If the viscus be laid open by a section through the piano of its two curvatures, 
it IS seen to consist of two segments : (a) a large globular portion on the loft and (b) a 
narrow tubular part on the right. These are separated by a constriction which indents 
the body and greater curvature, but does not involve the lesser curvature. To the left 


Fin. 1034. — The interior of the stomach. 



ol the cardiac orilice. is the incisura cardiaca : the projection of this notch iuh) the cavity 
of file stomach as tho organ distends, and has been siipposeil to act a's a \alve 

preventing regurgitation into tho icsophagus. In tho pyloric porticai are seen : (a) the 
eJovatioD Corresponding to the incisura angularis, and (b) tlie (urcular proj(‘ction from 
the duodcnop.yloric constriction which forms the pyloric valve; tli«' separation (»f the 
pyloric antrum from tho rest of the pyloric part is scarcely h.diealed. 

F. T. Lewis * has modelled tho gas- 
tric epithelium in the Inmiau embryo, 
and has shown that a canal (named by 
him tlu'j (jasiric canal) extends along 
the lesser curvature from tho antrum 
<‘avdiacuin to the incisura angularis 
(fig. 1015), the. distinctness of the 
canal being strikingly shown when the 
model is viewed from the inside. Jef- 
ferson t has brought forward radio- 
graphic evidence to show that such a 
canal exists in the adult. He found 
that in tnghteen out of twenty-two 
oases examined whilst in the act of 
swallowing a mixture of oxychloride of 
bismuth and milk the fluid was con- 
fined to the lesser curvature. lie is of 
tho opinion that the oblique muscular 
coat of the stomach is so arranged that 
by its contraction it will cause a tt'.m- 
porary cutting ofl of a canal along the 
lesser curvature. 

The pyloric valve is a mnacular ring composed of a thickened portion of the 
cii*onlar layer of the muscular coat ; this ring is covered by a reduplication 
of the mucous membrane. Some of the deeper longitudinal fibres tum in and 
interlace with the circular fibres of the valve. 

Structure. — The wall of the stomach consists of four coats : serous, muscular, areolar, 
and mucous, together with vessels and nerves. 

' The soTOUB coat is derived from the peritoneum, and covers the i^ntiro surface of the 
organ, excepting along the griater and lesser curvatures at the lim-i of attachment of 

* American Journal of Anatomy^ vol. xiii. 
t Journal of Anatomy and Physiology, voL xlix. 


Fro. 101f5. 'Diagram showing tlic subdivisions 
of th(' human stomach. (F. 'P. Lewis.) 
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the greater and lesser oixienta; here the two layers of peritoneum leave a. small space,, 
triangular in section, alor^ which the nutrient vessels and nerves pass. On the posterior 
surface of the stomach, close to the cardiac orifice, there is also a small area uncovered by 
peritoneum, where the organ is in contact with the under surface of the Diaphragm, 


Fig. 1016 , — The longitudinal and circular muscular fibres of the stomach, 
viewed from above and in front. (Spaltcholz.) 



Fig, 1017.— The obliqii''’n'«nscular fibres of the stompcli, vieA\od from above 
and ill front. (Spalteholz.) 



The muicular doat (figs. 1016, 1017) is situated immediately beneath the serous cover- 
ing, with which it is closdy connected. It consists of three layers q{ un^triped mnscnlar 
fibres : longitudinal, circulair, and oblique. ' / ' , > 
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* The are the most s^tpeificial, and are arranged in two sets. The 

^st set coiosSate of dbres oontinuous with the longitudinal hbrcs of the ces^hagus ; they 
radiate from the eardiae orifice and end proximally to the pyloric portion. The second set 
commences on the body of the stomach and passes to the right, its fibres becoming more 
thickly arranged as they approach the pylorus. Some of the more superficial fibres of this 
set pass on:to the duodenum, but the deeper fibres dip inwards and interlace with the 
circular fibres of the pyloric valve. 

The ciTGuloT fihfeii form a uniform layer over the whole extent of the stomach beneath 
tlic longitudinal fibres. At the pylorus they are most abundant, and are aggregated into 
a circular ring, which forma the p yjpri c They are continuous with the circular 

fibres of the oesophagus, but are sharply 'marke^fi,irom.tlie gicfiu^ of 

de niim-by-a , <^Qn neqtiv Q tiaaue septum. Q wijag-iaiha. abrupt change in the thicknesfi of 
the musQj^iftr coat ajj .fee. pyipfoductdenal junction, the pyloric walljprm§..a prpicj 2 <iion into* 

. tho1ume nj>ttES^^^ 


Fig. 1018. — A section through the mucous membrane of a human stomach, near 
the cardiac orifice. x45. (v. Ebncr, after *1 . Schaffer.) 



c. Caidiap glands, d. Their ducts, cr. Gland slinillir to tiic InU^stlnal rIriuIh, with goblct- 
cells. wm. Hncous membrane, m. Muscularis mucosa\ m'. Muscular tissue within the 
mucous membrane. 


The ohUg^UeAkT^B, internal to the circular layer, are limited chiefly to the body of 
the stomacli. ' Tney sweep downwards from the incisura cardiaca and run more or loss 
parallel with the lesser curvature. On the right they present a free and vvell-<lefine(l 
margin (fig. 1017) ; on the left they blend with the circular fibres. 

The areolar or suhmucoue coat consists of loose, areolar tissue, connecting the mucous 
and muscular layers. 

The mucom membrane is thick and its surface is smooth, soft, and velvety. In the 
fre&h.sta^ it ij^ofiijpinkisXiiwgC tbe pyloric end, and of n red or reddish-brown colour 
dv ctg^ e^regji In infancy it is of ajbrighter hue, the vascular redness being 

monTmaiSed, It is-thi n aft the cardiac ej^trernity, but thicker towards the pylorus. 
During the contracted stateofthe organ it is thrown into numerous folds or rugee, w^hich 
for the most part have a longitudinal direction, and arc best marked towards'lmo pyloric 
end pf the stomach, and alon^fEe greater curvature (fig. 1014>, These folds are oblitor- . 
Bted when the organ is distend^. . 

. . Btructute of vie mucom membrane. — ^Wheu examined with a lens, the inner surface of 
mucous membrane presents a peculiar honeycomb appearance from beiug covered with 
small shallow depressions or alveo li, of a polygonal or hexagonal form, which vary from 
0*1^ mm. to 0*25 mm. in diamelST These are the ducts of the gastric glanda, and. at the 
bOt^m of each may be seen one or more minute orifices, the openings of the gland-tubes. 
The surface of the muooui inejanbrane ia covered Ey a single layer of columajDirj|pithellwG 
with occasional gqj^pefis. This ^ithelium commences very abruptly at the cardiao 
orifioe, where therel^^suddon twthemon from the stratified epithelium of the oesophagus.. 
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Tho upitliclial lining of the gland ducts is o{ the sain© character and is continuous witti 
the goncral epithelial lining of the stomach (lig. 1020). 

^.^The gastric glands arc of three kinds : (a) card[aCi (b) fttndns or oviintWi and (c) 
^loric. The cardiac glandB (fig. 3018), few in nuhiher, occur close to the cardiac orifice.' 
Tlie.y arc of two kinds : (1) siinple tubular glands resembling those of the pyloric end of 
iho .stomach, but with short ducts; (2) compound racemose glands resembling the duo- 
denal glands. The funduH glandft (fig. 1010) are found in the body and fundus of the 
stomach ; they are sKriple tubes, two or more of which open into a single duct. The duct 
is short, sometimes not amounting to more thaff'ftne- sixth of the who'll 'length of the 
glaiul. Their cflcli^um cc.nsists of (1) short columnar, granular cells, known as the 


Fio. 1010. — A fundus glsiiid. 



A. '^r;Ul.sv^I^o section ol Kl.nnl. 


Fio. 1020. -A pyloric gland, from 
.1 ■ cction of the do"’s stomach. 
(Ebstein.) (From Quain’s Ele- 
ments (•!’ Aiiatumy. Vol. IT. Pt. T.) 



tn. Mouth, n, Nunk. tr. K deep portion of 
a tubule cut trauaversely. 


ahief or central ctdls, ami (2) larger, oval cells, termed parietal or ox;gnth cells. These 
lie betw een the chief cells and the basement membrane, and stain deeply with eosiii; 
they do not form a conthiuows la\et but occur at intervals and so give the tube a beaded 
appearance. Tlicy oouuccted with tho lumen of the gland by fine channels which 
run in the substance of the cells. The pyloric ylands (fig. 1020) are found In the pyloric 
portion of the stonrjach. Kach consists of two Qr three short tubes opening into a itone].- 
shapod duct. The tubes arc convoluted and arc about one-half the length of the'auot; 
they are lined by cubical cells which are finely granular. Between the glanda the mucous 
membrane insists of a connective tissue frainew^ork, with lymphoid tissue. In places^ 
this latter tissue, especially in early life, is collected into little masses, which resemble 
tho solitary lymphatic nodules of the intestino, and are termed the 
th;^ .atpmach. They are not, however, so distinctly circumscribed as the solitary 
nodules. The mucous membrane is bounded on its deep surface by a thin stratum 
of involuntary muscular fibre (muscularis n^uuosce), whicn in some parts * con^sts 
ot a. single longitudinal layer; in others of two layers, ah inner circular and an outer 
longitudinal. * * ; 
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; Vessels and The arteriea supplying the stomach are : the left gastric, the 

tight gastric and gastro^epiploic branches of the hepatic, and the left gastro-epiploio 
ami short gastric fesabbes of the lienaL They supply the muscular coat, ramify in the 
Submucous coat, distributed to the mucous membrane. The arrangement 

of the vessels in i^fwtkdous membrane is somewhat peculiar. The arteries break up at 
the base of the gasstio tubules into a plexus of fine capillaries which run upwards between 
the tubules, anastomosing with each other, and ending in a plexus of larger capillaries, 
which surround mouths of the tubes, and also form hexagonal meshes around the 
ducts. From theoa the gafps arise, aud pursue a straight course dowiiuards, between 
the tubules, to th^^ubmucoua tissue; they ou4. either in the UenoJ and superior mesen- 
tor ip jffiin s. oy^ in/tho portal vein. The lyvipkatic. vessels are nunierous : they 
consist of a supof^emf and a deep set, aud pass to the lymph-glands found along the two 
curvatures of the^fOtgan (p. 730). The nej fv^ are the tenniual brandies of the. right and 
left vagi, the foifeejP being distributed lipon the ba<*lv, and the latter upon the front part 
of the organ. A great number of branches from tlio c^adiae plexus of the sympathetic 
are also distributed to it. Nerve-plexuses are found in the submucous coat and between 
the layers of the muscular coat, as in the intestine. From those plexusrjs fibrils arc 
distributed to the muscular tissue and the mucous mombrane. 

Applied AnUtomy , — Operations on tlio stomach are frequently performed. By 'gas- 
trotorny ’ is mj^nt an incision into the stomach for the. removal of a foreign body, the 
opening being immediately afterwards closetl-— in ccaitradistinctiou to ‘gastrostomy,* the 
making of a more or loss permamoii fistulous opening for purposes of feeding, when 
the. patient cAhnot obtain sufilcieut nourishmcjit owing to some form of (esophageal 
obstruction. “ 

In eases of gastric ulcer perforation of the stomadi not infrequently takes place. By 
opening the alwomon and closing the perfoi-ation, the vast majority of cases are cured, 
provided the operation is done not longer than twelve or fifteen hours aftcT the perforation 
has taken plc^o. The opening, which is generally situated on the antt'rior surface of the 
sjoinach ncarihe pylorus, is best closed by bringing the peritoneal surfaces on either side, 
into apposittol^^ by means of LembcH’.s siitur(3s. Fr(5e drainage of the peritoneal cavity 
shouhl be established at tlio same time. 

Kxoisiou of the pylorus has occasionally been porfonued, but tho results of (Ids opera- 
tion are by no means favourable, and, in civses of cancer of the pylorus, before operative 
pruc(‘odings aro undertaken, the tumour has bt'coirio so fixed and has so far implicated 
surronudiug f)arts that nmioval of th(5 pylorus is impossible and yastro-culcroafoiny has to 
be substituted^. The object of this operation is to make a fistulous communication 
hetvvoon tho stomach, on the cardiac side of the »iiseas(\ and the small iiile^tim*, as high 
up as is possilbliS. It gives great relief in any form of oh.struction to tlie. py lorus, espevi- 
ally when assot^iated with (Ii]atat>»»n of the stomardi. In this oporatkin idtluu’ tlie 
anterior or tluit^^rior surface of tlie stomach may he ana.■^t 'inosed to the je.juruim, the 
latter for pref^wSpafe* in wdiich case an opening lias first to b(i made through the trans- 
verse u j-socolatf'i^^order to roach tlu' lesser sac. This ojiening must pfo ticnlarly avoid 
the miildle In oases of cancer of the stomach involving .dher pails than 

th(^ pyluni.s, of removing the whole or greater part of the s! »mnch has to be 

considered. ■, . A-r, 

llypertroplw lapif spasm of the circumferential mn^oiilar coat of tlie. pykirus cuming 
ini during thff firM.H(i^ weeks or months of life, and somewhat ei'n-iujously des»;ribed as 
ronffemtal hypeTtf<>pHt6 stevosis of the pylorus ^ is a serious disorder of infauev. It is 
cliaracterisca by ^d^minal pains aud obstinate vomiting coming on after fo«)d 1ms b^cn 
given. 6afi^ be obsalfvied by inspection of tli-^ cdiild’s epigastrium after 

it has been Progressive wasting from want of 

nourishu^en^N d0a^h^^rbtp to ensue. G astro -enterostomy ^ives 

favourable a '%inaU i>^portio^ 

The ston^ott'l^ ^rupWed from ex^<?rnal violence, on aceuinit (;f its protected 

f>ositioTi. If H it U when thq, organ isr di.stp.nded with fooil. O’lu' siomahh is 

sometimes inj^^ih wounds. T&re is intenso shock and sev< re jiain, Icsoalised 

at first at thelsfl^ai'icd but acioii radiating ovct Uk- whole abdomen. The. treat- 

ment consists open^nlMfe peritoneal cavity, clearing away all the extruded contents 
of the, stomabh^ %nd tent, 

ilt’TESTIKB‘(lNT®STINUM TbNUE) 

Tho BtiiaU la. ^^Vola^ tube, extending from the pylorus to 

the colie ralve,.TOere1jb^i(»i]]B^l|hQi la^ intestine. It is about 7 inetres long,* 
and gradually diiiimishW ij!i^;iR^et^ nom its commenceraent to its termination. 

*7:rev«8 ststw* in honJTed.eiiS^ 'the areraj^ length of the aiiiMl intestkie. in the 
adult ibale was 22 Ibet 6 inches, and in the^ i^It female 23 feet 4 inches s' hat*that^it varies 
vei^ moobs the extremes In the male being 31, feet 10 inqbcs, and hi feet ^ inches. He states 
that the adult th^ length of the bowells indtpondetit of age, height, and weight. 

‘ A' -'G.A. 
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It is contained in the contra! and lower parts of the abdominal cavity and 
is surrounded above and at the sides hy the large intestine ; it is in relation, 
in front, with the greater omentum and abdominal parietes ; a portion of it 
extends below the superior aperture of the pelvis and lies in front of the rectum. 
The small intestine consists of (1) a short, curved portion which is devoid of 
a mesentery and is named the diiodeniini, and (2) a long, greatly coiled part 
which is attached to the posterior abdominal wall by the mesentery (p. 1095), 
and is named the iptestinum tenuo mosenteriale ; the proximal two-tifths of 
the latter constitute the jejunum (intostinum jejuniiin), the distal three-fifths 
tlio ileum (j-’ tsestimim ileum). 

The duodenum (fig. 1021) is so named because its length is about o<pial 
to the breadth of twelve fingers (25 cm.). Tt is the shortest, widest, and most 
fixed part of the small intestine ; it has no mesentery, and is only partially 


Ka;. 1021. and pnncr('jis. 



eovcaod by peritoneum. Its cjoiu-se presents a remarkable curve, somewhat ot 
th<*. shape of an imperfect circle, so that its termination is not far removed from 
its starting-point. 

It cooimences at the. jjylorus, passes backwards, upwards and to the right, 
beneath the quadrate lobe of the liver to the neck of the gall-bladder, varying 
slightly in direction necording to the degree of distension of the stomach ; it 
then inakcs a sharp curve (siqxjrior duodenal flexure) and descends along 
the right margin of the head of the pancreas, for a variable distance, generally 
to the level of the upper border of the body of tho-^jo p y th lumbar yertehra. 
It now makes a second bend (inferior duodenal flexure), and passes almost 
horizontally from right to left across the veitcbral column, having a slight 
inclination upwards ; and on the left side of the vertebral column it ascends 
for about 2’o cm., and then ends opposite the second lumbar vertebra infthe 
jejunum. At its union with the jejunum it tiuns abruptly forwards, forming 
the duodencjejuiuil flexure, For descriptive purposes it is divided into superior, 
descending, horizontal, and ascending portions. 

Relations. — ^Tho superior portio^h is about 6 cm. long, and is the most 
movable of the four portions ; it begins at the pylorus, and ends at the neck of 
the gall-bladder. It Coyer§d Jbx 

p^t qt ita posterior surface near, the neck t he 
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5 hepatoduodenal ligament is attached to the upper boixier, 
(ind the gi’eater omentum to the lower border of the j)roxinml half. It 
is in relation above and in front with the quadrate lobe of the liver and 
the gall-bladder ; behind with the gastroduodenal artery, the common bile- 
duct, and the portal vein ; and below and behind with the head and neck 
of the pancreas. It is in such close relation with the gall-bladder that it 
is usually found to be stained by bile after death, especially ou its anterior 
surface. 

The descending 'portion^ from 7 cm. to 10 cm. long, extends from the neck 
of the gall-bladder, on a level with the first lumbar vertebra, along the right 
side of the vertebral column as low as the upper border of the body of the 
fourth lumbar vertebra. It is crossed in its middle third by the transverse 
colon, the posterior surface of which is hci’e uncovered by peritoneum and 


Fig. 1(V2‘2. — Tlio iritorior of tho desceiuliii" portion of Iho iliiodenum, 

tlio bilo-papilln. 



Vrahe. in rominon hfh. ihtct 


is connected to the duodenum by a small quantity of connoctivo tissue. The 
parts above and below the transverse colon arc covered in front by i)oritoneum, 
the part below by the right leaf of the mesentery. Posteriorly, it is not covered 
by peritoneum. It is in relation, in front, from above downwards, with the 
duodenal impression on the right lobe of the liver, tlie transverse colon, and 
the small intestine ; behind, it has a variable relation to the front of the right 
kidney in the neighbourhood of its hJlum, and is connected to it by loose areolar 
tissue ; the renal vessels, the inferior vena cava, and the Psoas below, are also 
behind it. At its medial side is the head of the pancreas, and the common 
bile-duct ; to its lateral side is the right colic flexure. The common >)ile-duct 
and the pancreatic duct together perforate the medial side of this portion 
of the intestine obliquely (figs, 1022, 1044), from 7 cm. to 10 cm. below the 
pylorus ; the accessory pancreatic duct, when present, pierces it about 2 cm. 
above and slightly in front of these. 

The horizonidl portion, from 5 cm. to 7 o cm. long, begins at the right side 
of the upper border of the fourth lumbar vertebra and passes from right to 
loft, with a slight inclination upwards, in front of the great vessels and tho cnira 
of the Diaj)hragkn, and ends in the ascending portion in front of the abdominal 
aorta. It is crossed from above downwards by tho superior mesenteric vessels 
and the mesentery. Its anterior surface is covered by peritoneum, except ne|ir 
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the middle line, where it is crossed by the superior mesenteric vessels. Its 
posterior surface is uncovered l)y j^eritoneum, except towards its left extreimty^ 
where the posterior layer of the mesentery sometimes covers it to a variable 
extent. This surface rests upon the right crus of the Diaptoagm, the inferior 
vena cava, and the aorta. The upper surface is in relation with the head 
of tiio pancreas. 

The ascending 'portion^ ab(^iit 2*0 cm. long, ascends on the left side of the 
aorta, as far as the level of the upper border of the second lumbap vertebra, 
where it tuji^s abruptly forwards (duodenojejunal flexure) and is continuous 
with the jejunum. It lies in front of the left Psoas major and left renal vessels,, 
and is covered in front, and partly at the sides, by peritoneum continiious 
with the left portion of the jiiesontery. 

The su})crior part of the duodenum, as stated above, is somewhat movable, 
but the rest is practically fixed, and is bound down to neighbouring viscera and 
the posterior abdominal wall by the peritoneum. In addition to this, the 
ascjonding part of the duodenum and the duodenojejunal flexure are fixed 
by a structure to wiiich tJie natiio of Musculus su^svenaorius duodeui has been 
given. This muscle arises from the right crus of the Diaphragm, close to 
the ngJ)t margin of the uisophagus. Tt passes downw’^irds and slightly forwards 
in close relation with the cadiac artery (sometimes dividing to enclose this 
vessel) ami is attacliod to the xiostorior aspect of the upi)er part of the duodeno- 
jejunal flexure, many fibres Ixiing continued into the mesentery.* It possesses, 
according to Treitz, plain muscular fibres mixed with the fibrous tissue of 
which it is principalh’ made up. 

(Vymblct eonlirms the observations of Treitz that this muscle consists 
of three parts, vdz. an upper of striped mus<nilar tibies, an intermediate clastic 
tendon, and a lower of unstriped muscular fibres. 

Vessels and Nerves.-*Tho G//6'nt».v Kiippivirij^ tlu' (iuodoiunii aiv tlu:? »’ight gastric and 
superior puQor(‘aticoduod(‘nul branches (d the luipatie, and the inferior pancroatico- 
(liiodenal branch of tin* superior Oic’scntcric. The ocins cud in the Jiennl ainl superior 
niesei\terie veins. The iKirccs are dcriveil from the cieliac plexus. 


The mesenteric part ot tluj small intestine (intestiniun tenuc mescntcriale), 
about motrea long, is attached ti/ the posterior abdominal wall by the 
mesentery, and extends from tlie duodenojejunal fl(=»xure to the (lolic Valve 
where it ends in the crociiin of ihe Jargo intestine. It is divided into jejunum 
and ileiim. the former torju being given the upper two-fifths and the latter 
to the lower three-fifths. Tlicrc3 is no mor^3hological line of distinction between 
the two, and the division is arfi t’^ary ; but at the .same time tho character 
of th« into.stine gradually undergoes change from the commencement of 
the jejiumm to the end of tne ileum, so that portions of the bowel taken from 
these t wo situations present characteristic ami marked differences. 

Tho jejunum (inU'.stirmm jojunuin) is wider, its diameter being about 
4 cm., ami is thicker, more vascular, and of a deeper colour than the ileum. 
Tho circular folds or valvute connivontes (p, 1110) of its mucous membrane 
are large and thickly set, and its villi are larger than in the ileum. The 
H-ggfegatcd lymph-noduies are almost absent in the upper part of the jejunum, 
and in the lower i)art are less frequently found than in the ileum, and are 
smaller and tend to assume a circular form. By grasping the jejunum 
l>etwoen the finger aud thumb the circular folds can be felt through the 
walls of the gut ; the}=e being absent from tiio lower part of the ileum, it is 
possible m thi.s way to distinguish the upj^e^ from the lewder part of the small 
intestine. 

The ileum (intestimun ileum) is narrower, its diameter being 3*76 cm., 
and its coats are thinner than those of the jejunum. It possesses few circular 
folds, and they are small and disappear entirely towards its lower end, but 
aggregated lymph-nodules (Peycr’s patches) are larger and more numerous. 
The jejunum for tho most x>art occupies the umbilical and left iliac regions, 
wdiUe the ileum lies chiefly in tho umbilical, hypogastric, right iliac, and pelvi© 

♦ A, Low (Journal of Analomy and Physiology^ voL xlii,). 
t BrilUh MeJiirol Journal, 1910, vol ii p. 1156. 
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? rogions. The terminal part of the ilenxa usually lies in the pelvis, from which 
} over the right Psoas major and right iliac vessels ; it ends in the right 

opening into the me^al aide of the cssoum. 

The jejnimm and ileum are attached to the posterior abdominal wall by an 
extensive fold of peritoneum, the mesentery, which allows of very free motion, 


Fig. 1028. — A seetio»i of tlje duodenum of a cat, x60, (From ^ 

Kssontials of Histology.) 
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yo that OAC'h coil can accommodate itself to changes in form and position. 
The mesentery is fan-shaped ; its vertebral border or ro(d., about In cm. long, 
is attached to the posterior abdominal wall along a linn running from the left 
side of the body of the second lumbar vertebra to the right sacro-iliac articula- 
tion, and crossing successively the horizontal pari , of the duodenum, the, aorta, 
the inferior vena cava, the right ureter, and right Psoas major (fig, 1004). Its 
breadth from the vertebral to the intestinal border averages about 20 cm., and i« 
^cator in the middle. than at its upper and lower ends ; according to Lex^kwood 
it tends to increase as age advances. Between the two layers of wdiioh the 
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luesontery is composed are contained the jejunum, ileum, the jejunal and 
iloiil branches of the superior mesenteric blood-vessels, nerves, lacteals, and 
lymph-glands, together with a variable amount of fat. 


Meckel's diverticulum ', — This is a pouch wliich projects from the lower part of the 
ilcLun in about 2 per cent, of subjects. Its average position is about 1 gi^rp..gtbove thp 
c'-oJic valve, and it^ average length about 5.,qm. Its calibre is generally similar to that 
of the iloum, and its blind extremity may be free or may bo connected with the abdominal 
wall or with some other portion of the intestine by a fibrous band. It represents the 
ri'i/iains of the-*‘*r5oximal part of the vitelline duct, the duct of communication between 
the yolk-sac and the prirnitivii digestive tube in early fontal life. 

Structure. — The nail of the small irit-estine (^lig. 1023) is composed of four coats: 
serous, muscular, areolar, and mucous. 

■The serous coat is derived froiri the peritoneum. The superior portion, of the duo- 
dtujuiu is almost coinpletely surroumled by this membrane near its pyloric end, but is 

only covered in front at the? other ex- 
tremity; the descending portion is 
covered by it in front, except where it is 
carried off by the transverse colon ; and 
the inferior portion lies bohiud the peri- 
toneum, which is separated from it in and 
near the middle line by the superior 
meseiitoric vessels. The rest of the small 
intestine is surrouiniod by the peri- 
toneum, excepting along its attached or 
mesenteric border; here a space is left 
for th(? vessels and nerves to enter the 
wall of thi‘ gut. 

The niusrular coat consists of two 
layers of nnstriped muscular fibres : an 
external longitudinal, and an internal 
eircular. The longitudinal layer is thin : 
the circular layer is thick and composed 
of unstriped innscnlar fibr«.‘s of consider- 
able length. The muscular coat is thicker 
at the upp jr than at the Iov\ or part of the 
small intestine. 

The areolar or submucous coat unites 
tlie mucous and muscular layers. It con- 
sists of loose, areolar tissuo containing 
tlio larger blood-vessels, lymphatics, and 
nerves. 

The mucous meinbranc is thick atul 
highly vascular at tlie. upper part of 
the small intestme, but somewhat paler 
and thinner below. It consists of tlie 
following structures : ut xt the ai’colar or siibuiucons coat is the musoulans mucosor^ a 
double layer of unstriped muscular fibres, o\iter longitudinal and inner circular; iutenal 
to this is a quantity of rctiforin tissu ', em losing in its meshes lyrnph-corpuscdcs, and in 
this Uic blood- vc’sse Is arul nerves raniifx ; lastly, a bascraciit membrane, supporting a 
single layer of tall columimr cells. Tho cells are granular in appearance, and cjtch 
possesses a clear oval nucleus. \t their sujicrficial or unattached ends they present a 
distinct layer of highly refracting material, luaiked by v(?rtieal stria? (the striated border), 
CToblet cells occur at intorxals in tho • pitliolial layer. 

Contained within or belonging to tho mucous inembrane are the following stnietiires : 

^Circular folds. ' l>uoiienal glands. 

^ yilb. ^ tSolitary lymphatic nodules. 

V’^ntestinal glands. *v>«Aggregated lymphatic nodules. 

Tlic circular folds or valvulae conniventes are largo valvular fiups projecting into 
the lumen of the bowel. They aro composed of reduplications of the mucous me^rane, 
tho two layers of tho fold being bouud together by submucous tissuo ; unlike tho folds in 
the stomach, they aro permanent, and aro not obliterated when tho intestine is distended. 
The ifiajority extend transversely round the intestine for about onc-half or two-thirds of 
its circumfcrcncG, but some form complete cireUxs, some bifurcate and join adjacent folds, 
and others have a spiral direction ; the latter usually extend a little more tlian once round 
the bowel, but occasionally two or thr<3e times. Tho larger folds are about 8 mm. in 
depth at their broadest part ; but tbo greater number are of smaller size. The larger and 
smaller folds alternate with each other. Circular folds are uot found at tho commence- 
ment of the duodenum, but begin to appeal- about or fl cm. bevpnd the pylorus. In 


Fiu. 1021. — A vertical siTtion through a 
villin of the, small iiitestiiio of a dog. 
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the lower part of the descending portion, below the point wliere the bilo- and pancreatic 
ducts enter the intestine, they arc very large and cla^^oly approxiinatod. In the horizontal 
and ascending portions of tho 

duodenum and upper half of Fio. 1025. — A transverse section through a villus of 

the jejunum they arc large and the human intestine . x350. (v. Khnev.> 

num erous , but from this point , 

down to the middle of the 

ileum, they diminish considor- 

ably in size. In the lower 

part of the ileum they almost 

entirely disappear; hence the •' ^ 

comparative thinness of this - iV: 

portion of the intestine, as ‘ 

compared with the duodenum ^ 

and jejunum. The circular ^ 

folds retard tho passage of the • 

food along the intestine, niid / '' 

afford an increased surface for .'ni j9L( 

absorption. 

The intestinal villi are ^ 

highly vascular processes, just W'^ ^ 
visible with tho naked rye : W v 

they project from tho mucous VS y / 

lucmhranc of the small in- r '\^ 

teslino througboiHj its whole ^ '-i : jjmi 

extent, and give to -its surface 
H velvety appearance. They /' 

are largest and most numerous W 

iu the duodenum and jejunum, • I ' ll’^' 

aufl become fou'er and smaller 
in tho ileum. 

Structure of the villi (figs. a. Biwieiuent membrauo, hero soiiiewltat shruuken away from 1 lu* 

10‘>t 109 Tli<. /^acAtifi'nl epithelium. 6. i-nctcal. c. Colunmar epithelium; rf. Us striated 

lu^ f, I IK essentia (joblet-cells. /. Loucocytes in epithelium. Loucorytv 

parts ot a villus are : the lacteal beluw vyithHiuiu. i/. BIckxI-vcsbcIs. 7/. Muscle-cells rut iktoss. 
vessel, the blood-vessels, tho 

epithelium, the basiuneiit membrane and tln' muscular tissue of tlu* inueosa, all being 
supported and held together by ivti form lymphoid iissin*. 

The lacleaJ» arc in some cases double, and in soiue }u\)Tnals multiple, jut usually there 
is a single vessel. Rituated in the axis of the villii each coi. .nencea by a dilntfjd blind 




■« 


a. Bikieiuent meiuhranc, hero Bomcwliat shruuken away from 1 1n* 
epithelium, b. Mctcal. c. Coluniuar epithelium; d. Us striated 
border, e. tloblet-cells. /. fjOucocytCH in epithelium. Louax-yte 
below epithelium, g. Blood-vessels, h. Muscle-cells rut iktoss. 


Fio. 102d. “The villi nf tho small intestine, showing tin hh»od- senseis and Ihe 
lymphatic ves.sels. (Cadiat.) 



Small artery Ly my ha tic plexus 


extremity near to» but not quite at, the summit of tho villus. The wall is composed oi 
a single layer of endothelial cells. 
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The muscular fibreB^Hre derived from the miisciilaris mucosae, and 
hnndlcR around the lacteal vessel, extending from the base to the summit of the villus, 

and giving oil, laterally, ijidividuiil muscle'OeUs, which are 
onelosed by the reticulum, and by it are attached to the 
Fm. 1027. — An intestinal basornent membrane and to the lacteal, 
gland from the human blood-vessels (fig. 1026) form • a plexus .under the 

intestine. (Flemming.) b,igf,niPiit nifiDbranc, and are enclosed in the reticular tissue. 
(From Quain’s Ele- Tlwm structures are suiToundcd by the basement mem- 
inents of Anatomy, brane, w hich is made up of a stratum of endothelial cells, 
Vol. TI. Pt. T.) this is placed a layer of columnar epithelium, the 

characteristics of which have been described on p. 1110. 
The retifonn tissue forms a network (fig. 1025) in themeShes 
of which a number of leucocytes are found. 

'J’he intestinal glands (crypts of Lieberkiilm) (fig. 1027) 
lire found in considerable numbers oyer every part of the 
)micons rnembranii of the small intestine. They are simple 
tubular glands, arranged perpendicularly to the surface, 
upon which they open by small circular apertures. Their 
(U’ilices rna^' be r.i'cu with the aid of a lens as minute dots 
•scattered between the villi. Their wnlls are thin, consisting 
of a basement membrane lined by columnar epithelium, and 
covered on their exterior by capillary vessels. 

Tlic duodena! glands (Bnmuf'r’s glands) are limited to 
the duodenum (fig. 1023), and are found in the submucous 
areolar lissn*'. Tliey are largest and most numerous near 
the pylorus, forming an alfuost complete layer in the 
superior portion and uppfT half of the descending portion 
of the diioclcnuiii, Tliey ileui begin to diminish in number, 
and disappear at the juuc<’on of the. duodenum and 
jejuiiutn. The\ are snudJ (‘ompouud acinotubular glands, 
e.K'li consisting of a number of alveoli lined by '^hort 
eohminar ('pitbeliiim and opening by a dnet on the inm.-r 
surface of the intestine. 

TJio solitary lymphatic . nodules are found scattered 
throughout the. tiuicous membrane of the small iiitestinD, b\it 
are most numerous in the lower part uf tlio ileum. Their 
fn^e surfaces arc eovi'ved with rudimentary villi, except at 
the summits, and each noduh' is surrounded by the openings of the intestinal glands. 
Each consists of a dense inlcWacii g retiforru tiss no closely packed with lymph-coi’puscles, 
and permeated with an abundiu't eaiiillju^ network. Tht interspaces of the rctiform 
tissue are continuous >vith larg* • 1> mph-.spaees wliicli surround the nodule^ through which 



FiCr. l()2H. — \ vei’tical section through a human aggregated lympliatic nodule, 
injected thio»Yh the lymphatic vessels. 



a. Yilli with their lacteols. b, lut^tlnaJ glands, c. M-iiscnlaifo shigobid. <f. Captda dr apex of 
RoUtary nodule, e. Meeia) Rone of nodule. /. Base of nodule, p. of eHi ol the ledteala from 
the vini, and entrance Into the true munooe membrane, h, Betmffm airmiieiiieiit of the l^pbatfoH 
iu the mesial sone. i. Course of the latter at the base of the nowe, lb. Cohfluenoe of tbeivn^hetitis 
opening into tlie vessels ot the eubmiicoixs tissue. 1. FoUlculnr tissue of the latter 
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lacteal eystcm. They are situated partly in the submucous 
mucous coat, where they form slight projections of itd epithelial layer 

, lymphatic nodtUes (Peyer'a glands) (fig. 1028) form circular or oval 

patches, from tjg cz it y , in length from ;2 tmi. to 


Fig. 1029.— a transverse section tlirough Fio. 1030.— The ravontorio plosus of 
the equatorial plane of throe lymphatic the rabhit." x 50. 

iKxiules of the rabbit. 




Fig. 1031. — The jiloxus of 
thf. siibmucosa of the 
rabbit. X50. 


They are largest and most iiuinorous in the ibsuin. In the low . v part u! the jejuniiiu they 
are small, circular, and few in number. They are oceasionrill^ seen in the duodenum. 
They are plafijttiigngttwiso in the intestine, and arc situated iitAhc portion of the tube 
iiio^djstgjjtJrom the. attadimcnfc of ^the-^mesentery. Each patch is formed of u group of 
solitary lymphatic nodules covered with coliirnimr epithelium; the patches do not, as a 
rule, possess villi on their free surfaces. Thej^ are best marked in the young subject, 
become indistinct in middle age, and sometimes diaapp^ijir altogether in advanced lif(». 
They are freely supplied witli blood-vessels (fig, 1029), wliicb 
form nn abundant plexus around each follicle and give oil’ 
line branches permeating tho lymphoid tissue in the interior 
of tho follicle. The lymphatic plexuses arc especially abun- 
dant around these patches. 

Vessels and Nerves.-~The jejunum and ileum are sup- 
plied by the supi^or mesenteric artery, tho jejunal and ileal 
brapclw of which, Imving reached the attached border of 
the bowel, run between the serous and muscular coats, with 
frequent inosculations, to the free border, w’hero they also 
anastomose with other branches running round the opposito 
surface of tho gut. From these vessels numerous branches 
are given off, which pierce the muscular coat, supplying it 
and forming^-an intricate ploxus in tho submucous 
From this plexus minute vessels pass to tlio glaii'ls and villi 
of the mucous membrane. The veins have a course and 
arrangement similar to the ftHeries. The lymphatics of the 
small intestine (lacteals) are arranged in twQ.^,jsots, those 
of the membrane and those Qj^the mu^^ul^r ppat. 

The lymphauGS M tna villi eoinmenoe in these structures'in the manner described ak^ve. 
Tjb^y fomi au intricate pkxus in thn mucous and submucous tissue, being joined by the 
lymj)3i4tids from tho lymph-spaces at the bases of the sdlitary nodules, and £i*om this" pass 
to larger vessels at the mesenterio border of the gut. Tho lymphatics of the ruiis(>-ular 
coat are situated to a great extejit between the two layers of muscujinr fibres, where they 
folia a ojfose plexus; throughout their course they conomuuicate fn^clv with the lym- 
phatics from the mucous- membrane, and empty themselves in the sptne manner as these 
into the origins of the lacteal vessels at the attached border of the gut. 
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Tho nerves of tbo small int«;.stmo arc derived from the plexuses of AjmipathetiB nerves 
around the superior mesenteric artery. From this source they run to the 
/ piMIMS (4iAjer6ach’a (fig. 1030) of nerves and ganglia, situated between the circular 

and longitudinal layers, from which the nervous branches are distributed to the muscular 
coats of the intestine. From tlje myenteric plexus a secondary plexus, the 
# plsxus) (fig. 10.31), is derived, and is lormed by branoEes which 

^ Jjavii perforated the circular muscular layer. This plexus lies in the submucous coat of 
the intestine; it also contains ganglia from which tho nerve-fibres pass to tho muscularis 
mucosie and to the imicous membrane. The nerve-bundles of the submucous plexus are 
finer than those of the myenteric plexus. 

Keith states ‘'TSiaJb ‘ Xucrbach’a plexus is not composed simply of ganglionic cells and 
uervG-fibres ; it contains numerous other ('oils to which Kolliker called attention, and 
whicli inoy he describe d as Jvdllikcr’s cells. These cells have small bodies which send 
out numerous branclicd ]>r<*cosyos, and differ from pure sheath cells in staining reaction 
and structure. It is through tbrso cells that Auerbach’s tissue is linked up with tho 
inuRculatunj of tlio boud. The nervo-fibres which former authors have described as 
distributed to tlie niuKcular and other coats of tho bowel arc probably sensory in nature. 
Sections of tlio «lov(dopii)g bowel show that the outer and inner muscular coats aro 
developed from a germinal layer situated between them. Auerbach’s plexus represents* 
thi' residue of the germinal or dovclopmeiital iritomediate layer. Probably the gangliouie. 
cells nfjijy be of central origin, but the c(dls of Kolliker aro apparently midifferentiatcd 
muscli -ecdls.’ Ho states that in point of dovelopmont Auerbach’s plexus is similar in 
origin to that of tlio atridYontricular bundle of His, and is of opinion that they are 
liomnl<’iL;ous.^ 


T’hk Lakgk Tntksttnk (Intesttnum Crassum) 

Tho large intestine oxtomla from the end of the ileum to tho anus. It is 
about 1’6 metres long, being oue-sixth of tho whole extent of tho intestinal 
oanal. Its calibre is largest at its commeneoment at tlie ea)eum, and gradniilly 
diminishes as far as the rectum, where there is .a dilatation of considerable size 
just above the aual canal. It diflfers from the small intestine in its greater 
calibre, its more tixe i position, its sacculated form, and in possessing certain 
rippcndagcs to its external coat, the qjypendws cpiploim. Further, its 
longitudinal mus(jular fibres do not form a continuous layer around the gut, 
but aro arranged in three longitudinal bands or imnicpl In its course the 
largo intestine dcisoribcs an arch which surrounds the convolutions of the small 
intestine. It commences in t.l o right iliac region, in a dilated part, the catcum. 
it asccjids through tlie right lumbar and hyix)chondriac regions to tho under 
surface of the liver ; here it bends (tho right coUc flexure) to the left, and passes 
transversely across the abdomen on the confines of the epigastric and umbilical 
regions, to the left hypochondriac region ; it then bends again (the left colic 
flexure), and descends through Ihc; "eft lumbar and iliec regions to tho pelvis, 
where it forms a loop called tho sign t id flexiire ; from this it is continued 
along the lower i)art of the posterior wall of the pelvis to tho anus. It is divided 
into the ca;cnm, tho colon, ihe rectum, and the anal canal. 

The cscum (fig. 1032), tho commencement of tho largo intestine, is the large 
pouch situated below the colic valve. Its closed end is directed downw^ards, 
and its open cud upwards, communicating directly with the colon, of which 
tlie caecum appears to be the beginning or head, and hence the name 
cqscuvi coU was formerly applied to it. Its size is variously estimated by 
different authors, but on an average it may be said to bo 6‘25 cm. jn length 
and 7*5 cm....in breadth. It is situated in tho right iliac fossa, above the lateral 
lialf of the inguinfd ligament : it rests on the lliacus and Psoas major, and 
is usually in contact with the anterior abdominal wall, but the greater omentum, 
and, if tho csecum be empty, some coils of small intestine, may lie in front 
of it . Asa rule, it is entirely enveloped by peritoneum, but in about 5 per cent, 
of oases (Berry) the peritoneal covering is not complete, so that the upper 
part of the posterior surface is uncovered and is connected to the iliac fascia 
by connective tissue. The caecum enjoys a considerable amount of movement, 
so that it may become herniated down the right inguinal canal, and has occasion- 
ally been found in an inguinal hernia on the left side. The cseeum varies 
in "shape, but, according to Treves, it may bo classified under one of 
In eany foetal life it is short, conical, and broad at the base, with its apex 
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upwards and medial^^ards towaj:ds tho ileocolic junction. It then 
i^sembles the csecum of some monkeys, o.g. the mangabey monkey. As 
the foetus grows, the caecum increases in len^h mox'e than in breadth, so that 
it forms a longer tiibe than in tho primitive lorm and without tho broad base, 
but with the same inclination of the apex towards the ileocolic junction. This 
form is seen in other monkeys, e.g. the spider monkey. As development goes 
on, the low'or part of tho tube ceases to grow and the upper part becomes 
greatly increased, so that at birth there is a narrow tube, the vei inifonn process, 
lianging from a conical projection, the caecum. This is tho infantile form! 
and as it persists throughout life in about 2 per cent, of cases, it is regarded 
by Ti*evos as tho fir^t of his four tyfies of human caeca. The caecum is conical 
and tho appendix rises from its apex. The three longitudinal bands start froju 
the a]'>pendix and an^ equidistant from each other. In the second type, llie 


Flo. 10J32. — Tin* cirL-mii ;ni«l vermiform process, with tlu-ir arteries. 



conical caecuiu has become quadrate by the growing out of a saccule on oilher 
side of the anterior longitudinal baud. These saccules are of c<j[ual size, and 
the appendix arises from between them, instead of frtjin the apex *)f a com?. 
This t\q;)e is found in about 3 per cent, of eases. The third t\q)c is tho normal 
tyjie of man. Hero tho two saccules, which in tho second typo wore uniform, 
have grown at uncijual rates : the right with greater rapidity than the left. 
In consequence of this an apparently new a|xjx has been formed by the growing 
dow'nwards of the right saccule, and tho original aj)cx, w^ith the app ndix 
attJached, is pushed over to tho left towards the ileocolic junction, Tho thre>c 
longitudinal bands still start from the* base of the vermiform process, hut 
they are now no longer equidistant from each other, because the right .saccule 
has grow^n between the anterior and posterolateral bands, pushing thorn over 
to tho left. This type occurs in about 90 per cent, of oases. The fourth type 
is merely an exaggerated condition of tho third ; the right saccule is still larger, 
and at the same time the left saccule has become atrophied, so that the original 
apox of the c®cum, with the verraifonn process, is close to the ileocolic junction, 
and the anterior band courses medialwards to tho sam< situation. This type 
is present in about 4 per cent, of cases. 

The colic valve (fig. 1033). — ^The loww part of the ileum ends by opening 
into the medial and posterior i>art^of the large intestine, at the point of junctiott 
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of the csBcum -with the colon. The opening is guarded by a valve, 
of two segments or lips, which project into the lumen of the large intestn^ 
If the intestine has been inilatc^ and dried, the lips are of a semilunar shape. 
The upj^r lip, nearly horizontal in direction, is attached by its cdhvex border 
to the line of junction of the ileum with the colon ; the lovrer one, which is 
longer and more concave, is attached to the line of junction of the ileum with 
the C£eeum. At the ends of the ap<^rture the two segments of the valve coalesce, 
and are continued as narrow membranous ridges around the canal for a short 
distance, foi^ic^^ing the of the valve. The left or anterior end of the 

aperture is rounded ; the right or posterior is narrow and pointed. In the 
fresh condition, or in specimens which have been hardened in situ, the lips 
project as ttiick cusliioii-like folds into the lumen of the largo gut, while the 
■ojicning between thcjn may i^resent the appearance of a slit or may bo 
somewhat oval in shape. . 

Each lip of the valve is formc^d by a reduplication of the mucous membrane 
and of the circular muscular Hbres of the intestine, the longitudinal fibres 


Fjg. 10^)3.- -Tlio interior of the caDcum and the lower end of the ascending 
colon, showing the colic valve. 


ppt r ff Hi mt- 
of colic valvL 
opening of iJturn" 


l.fjiLHr aegmint 
of colic vah'r 



and pontoneiim being ccuitmuod uninterruptedly from the small to the large 
intastine. 

The surfaces of the valve diioct<?d towards the ileum are covered with villi 
and present the characteristic structure of the mucous membrane of the small 
intestine ; while those turned towards the large intastine are destitute of villi, 
and markc'd with the oiificos of the numerous tubular glands peculiar to the 
mucous mcnnbrane of the large intestine. It i.s generally maintained that 
this valve prevents reflux from the e»cum into the ikum, but in all probabiUty 
it acts os a sphincter round the end of the ileum and prevents the contents 
of the ileum from passing too quickly into the caecum. 

The vermiform process or appendix (fig. 1032) is a long, nairow', worni- 
shapod tube, which starts from what was originally the apex of the csecum, and 
may i^ass in one of several directions : upwards behind the Cflecum ; to the 
left behind the ileum and mesentery ; or downwards into the lesser pelvis. It 
varies from^2 cm. to 20^ jn the average being about 9 cm. It is 

retained in p8SfiorrBy"a fbla'of peritoneum (mosenteriole), derived from the 
mesentery. This fold, in the majority of eases, is more or less triaiigaiar 
in shape, and as a rule extends along the entire length of the tube.. 
its two layers a»d close to its free margin lies the appendicular artery (fig. .1032). 
The canal of the vermiform process is small, extends throtighotlt the 'whole 
length of the tube, and communioates with the .orecom by an orifice whioh 
is placed below ^and behind the ileocaecal openii^. . The orj^ce'is sott^time# 
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by a e^ilunar valve formed by a f<dd of muooas membrane, but 
t|ia is by no means constant. 

#■ 

■' Strnctuf6.--^Tho coats of tlio vermiform process are the same as those of thx'v intestine ; 
serous, muscular, submucous, and mucous. The aerm/s coat forms a complete invest- 
ment for the tube, except along the narrow lino of attachment of its mesontcriole ill its 
proximal two-tKirds. The longitudinal muscular fibres do not form tbroo bands as in tho 
greater part of the large intestine, but invest the whole organ, except at one or two points 
where both the longitudinal and circular layers are deficient, so that the peritoneal and 
submijcous coats are contiguous over small areas. The circular mnsenhr fibres form a 
thicker layer than tho longitudinal fibres, and arc separated from them by a siimll umoimt 
of oonneetivo tissue. The submucoutt coat is well marked, and contains a largo number 
of masses of lymphoid tissue which cause the mucous niombrane to bulge iuto tho lumen 
and so render the latter of small size and irregular shape. Tho mucous membrane is 
lined by columnar epithelium and resembles that of the rest of the large intestine, but tho 
intestinal glands are fewer in number (fig. lOfi l). 

The colon is divided into four parts : tho ascending, transverse, descending, 
and sigmoid. 



The ascending colon, about 1,5 cin. long, is snialler in calibio than the 
csBcura. It begins at the ccocum, and ascends to the under surface of tho nght 
lobe of the liver, where it is lodged in a shallow depression, the colic impression ; 
here it bends abruptly forwards and to the left, forming tho rigftl cohe mgamp 
(fig. 1021). It is retained in contact with the postenor wall of the 
abdomen by the peritoneum, which covers its anterior surface and sid^, its 
posterior surface being connected by loose areolar tissue with the lliacu^ 
Quadratus lumbotum, aponeurotic origin of Transversus abdominis, and 
mth. the front of the lower and lateral part of the right kidney. Sometimes 
the peritoneum completely invests it, and forms a (Ustinct but narrow 
colon'.* It is in relation, in front, with tho convolutions of tho ilc*um and tne 
abdominal parietos. 


* Twvea, alter a earaful examination of one hundred eubjeots, found that m flft^two there 
waa an iMdending nor a deeoenda^^ meeocolon. In twenty-two tWo was a deeoendiiig 

dieeocotoii, but no trace of a correffpemdihg fold on the othbr-^eido. In fourtee n e u ft 
wad a meeoocjon to both the aeeending and the dowonding BCgments of the i>wol ; “J 
Temainixig twelve there waa an aBoending moBocsolon, but no corresponding fold on tte im 
aide Itfofflowa, therefore, that Ui perfonmug fombat colptomy a meeoooloiiMy be expec^ 
upon the left in per cent, of aflciSwe* and on the right in 26 per cent.— The cf 

Cana^ and PerUonem in 168d, 56. 
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The transverse colon, about passes with a downward oon- 

vexit\' from the I’ight hypochonoriac region across the abdomen, opposite 
the fjonfines of the epigastric and umbilical zones, into the left hypochondriac 
region, where it curves sharply backwards on itself beneath the lower end 
of the spk‘en, forming the left colic jStcxiire. In its course it describes 

an arch, the concavity of which is usually directed backwards and a little 
upwards ; towards its splenic end there is often an abrupt U-shaped curve 
which may descend lower than the main curve. Tt is almost completely 
invested by _i^ritonoum, and is connected to the anterior border of the pancreas 
by the transverse mesocolon. It is in relation, by its upper surface, with the 
liver and gall-bladder, the greater cuijvature of the stomach, and the lower end 


Fuj. 103;j. — TJio colon, sigmoid colon, und rectum, seen from tlic 

i’rnnt, after t)\o rcinovnl of the piihic l)ones and bladder. 



of the spleen ; by its under surface, with the small iutestiue ; by ita anterior 
surface with the anterior layers of the greater omentum and the abdominal 
parietes ; its posterior surface is in relation from right to left with the descending 
portion of the duodemuin, the head of the pancreas, and some of the con- 
volutions of the jejunum and ileum. 

The left colic or splenic flexnre (fig, 1021) is situated at the junction of the 
transverse and descending parts of the colon, and is in relation with tlie lower 
end of the spleen and the tail of the pancreas ; the flexure is so acute that 
the end of the transverae colon usually lies in contact with the front of the 
descending colon. The left colic flexure lies at a higher level than, and on a 
plane posterior to, the right, and is attached to the Diaphragm, opposite the 
tenth and eleventh ribs, by a peritoneal fold, named the phrenicocolic ligament y 
which assists in supporting the lower end of the spleen (p* 1096). 

The descending colon passes downwards throu^ the left hypochondriac 
and lumbar regions and in front of the lower part of the left kidney. At the lower 
end of the kidney it turns medialwards towards the lateral border of the I^soas 
major, and d^ends, in the angle between Psoas major and Quadratus Iiimborum^ 
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to the crest of the ilium ; it then curves downwards and medialwards in front 
of the Iliacus and l^oas major, and ends in the sigmoid colon at the superior 
aperture of the lesser pelvis.* The peritoneum covers its anterior surface 
and sides, while its posterior surface is connected by areolar tissue with the 
lower and lateral part of the left kidnej% the aponeurotic origin of 
the Transversus abdominis, the Quadratus lumboruin, the Iliacus and the 


Fig, 1036. — The posterior aspect of t.ho rectum exposed by reuioviiig the lowei 
part of the sacrum and the coceyx. 



Psoas major (figs. 1021 and 1035), It is smaller in calibre, more dcepJy 
placed, and more frequently covered with peritoneum on its posterior suriace, 
than the ascending colon (Treves). In front of it arc some coils of small 
intestine. * 

i ^Jhe sigmoid colon (sometimes called the pelvic colon) (fig. 1035) forms a 
fep which averages about 20 cm. in length, and normally lies within the pelvis. 
It tegins at the superior aj^r^iire of the lesser ^lelvis, where it is continuous 
with the descending colon, end the loop consists of three parts : the first 
descends m contact with the left pelvic wall ; the second crosses the pelvic 
cavity between the rectum and bladder in the male, and the rectum and uterus 

•That portion of the dcBcending colrm which exteuds froiu the oitrst of the iliiun iu thtj 
superior a^rturo of the lessor pelvis is sometimes named the Viac eolotu ^ 
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in the female, and may come into contact with the right pelvic wall ; tl^ 
third arches backwards and reaches the middle line at the level of the th& , 
piece of the saernm, where it bends dcnvnwards and ends in the rectum. 
sigmoid colon is completely surrounded by peritoneum, which forins a mesentery, 
the dgmokl mesocolon (p. 1096); this diminishes in. length from the oentr^. 
towards the ends of the loop, w^hero it disappears, so that’the loop is fixed 
at its junctions with the deseending colon and rectum, but enjoys a considerable 
rang(‘ of raovemenl in its central portion. BehinrJ the sigmoid colon are the 
external iliac- the left Piriformis, and left sacral plexus of nerves ; 
in front of it arc sonu* coils of the small intestine which seijarate it from the 
bladder in the mal(\ and from tlio uterus in the female. 

Tho position iind slinpo of the sigmoid colon vary very much, and depend on (a) its 
length; (b) the Jength and lvoo<lom of its inosoeolon; (c) the condiliou of distension; 
when distended it rises out the pelvis into tho abdominal cavity, and wlnm empty it 
Rinks agniri into tho pelvis: (d) tli(‘ condition of the rectum and bladder (and the uterus, 
in the female); when tho.se organs are distended tbe sigmoid colon tends to rise, and 
conversely. 


The re^lum (figs. 1035, 1036) Is continuoiKs above with the sigmoid colon, 
whilst below it ends in tlic anal canal. From its origin at tho level of the 

third sacral vertebra it passes downwards^ 
Fi.i. I0;(7.— A (•o.v.iial s.ctiou of tk- sacrococcygeal curve, and 

recti. in and anal canal. extends for about 2*5 cm. in front of, and 



a little below, the tip of the coccyx, 
as far as the c.pex of the prostate. It 
then bemds sha.ply backwards intci tho 
anal canal. It therefore presents two 
aiiterojiosterior flexures : an upper or 
mcral^Jlexvre wifJi its convexity back- 
wards, and a lower or perinasal flexure^ 
with its convexity forwards. Two lateral 
curves are also described, one convex to 
tTio right opposite the junction of the third 
Mod fourth sacral vertebrie, anj the other 
ti> the left, opposit(i the sacrococcygeal 
articulation ; they are, however, of little 
impc itance. The rectum is about 12 cm. 
lop^, and at its commencement its calibre 
is siinUar to that of tho vsigmoid colon, but 
nc'.r its termination it is dilated to form 
the recfaJij^7i^jg,nlla^ It has no saceula- 
lions comparable to those of the colon, 
but when the lower part of it is con- 
tracted its mucous membrane is thrown 
into a number of folds, which are longi- 
tudinal in direction and are effaced by 
the distension of the gut. Besides these 
there are certain permanent-.. 
folds (plica? transversales recti), of a 
semilunar shape, known as Housiaa^ 


(fig- 1637). 'riierc are usually three, but sometimes a fourth or fifth 
is found, and occasionally only tw'o are present. One is situated near the 
commencement of the rectum, on the right side ; a second extends inwards 
from tho left side of the tube, opposite the middle of the sacrum ; a third, the 
largest and most constant, projects backwards from the fore patt of the rectum, 
opjiosite the fundus of the urinary bladder. When a fourth is present, it 
is situated nearly 2*5 cm. above the "anus on the left and posterior wall of 
tho tube. These folds are about 12 mm, in width and contain some of the 
circular fibres of tho gut. In the empty state of the intestiii^ they overlap, 
eaeli other, as Houston remarks, so effectually as to Tequiire\c<>n 9 i(l|erable 
manoeuvring to conduct a bougie or the finger along 'the oahab Their use 
seems to bo ' to support the weight of fa?cal matter, and prevent its ur^g^ 
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' ■'yarfs the? anus, where its pi^esence always excites a s^saticm demanding 
;; dig phar^/ ♦ ^ ^ 

^ritoneum is related to the up|)er two-thirds of the rectum, covering 
>;at first its front and sides, but lower down its front only ; from the latter 
t is reflected on to the seminal vesicles in the male and the posterior vaginal 
wall in the female. 

The level at which the ]M)ritoneum ia reflected from the i;;ectiim on to the 
viscus in front of it is higher in the male than in the female. In the former 
the height of the rectovesical excavation is about 7*6 can. (i.e. the height to 
which an ordinary index finger . 


can reach) from the anus. In the 
female the height of the recto- 
uteHne excavation is about 5*5 cm. 
from the anal orifice. The rectum 
is aurrbiinded by a dense tube of 
faseia derived from the fascia 
endopelvina, but fused behind with 
the fascia covering the sacnim and 
' coccyx. The fa.^ial tube is loosely 
attached ,to the rectal wall by 
areolar tissue,. in order to allow of 
distension of the viscus. 

Relations of the rectum.— 
The upper part of the rectum is in 
relation, behind , with the sujierior 
haemoiThoidal vessels, the left Piri- 
formis and the left sacral plexus of 
nerves, which separate it from the 


Fid. 1038. — A coronal scetion through the 
anal canal. (Symington.) 


sena 

lielvic surfaces or the sacral verte- 
bra) ; its lower part lies on the 
sacrum, coccyx, and Jjcvatores 
ani ; it is attached to tl^e sacrum 
along the lines of the sacral fora- 
mina by connective tissue which 
surrounds the sacral nerves and 
branches of the superior ho&mor- 
rhoidal vessels passing to the bowel. 

In front of its upper part, in the 
male, is the rectovesical excavation ; 

in the female, the recto- uteririe excavation of the periUmouiu. In either sex 
the excavation contains .some cohvolutions of the small intestine, and frequently 
the sigmoid colon. Below the rectovesical excavation, its anterior surface 
is in relation in the male with the triangular portion of t Iw' fundus of the bladder, 
the vesicula) seminales, and ductus deferentes, and more anteriorly with the 
l>0Bterior surface of the prosjbate ; in the female, with the jioslerior. wall of 
the vagina. u 

The anal canal (pars analis recti) (fig. 1038) begins at the level of the apex 
of the prostate, is directed downwards and backwards, and ends at the anus. It 



A.<’. \nAl rarinl. li. (*aviiy of urinary hlaildor. IC.S. 
Sphiin*e‘r itul «xU*nnH. i.s. SphiiH-tcr jinl internus. 
1..A. LA‘\aioraini. k Srcinnl )uii t ol r'cHnu H v. Seminal 
vo«i*i** v.D. DiiriwK iU*ri*n’iis, 



by the Sphincter ani extemus. In the empty condition it presenf..s the appear- 
ance of an anteroposterior longitudinal slit. Behind it, is a mass of muscular 
and fibtoua tissiie, the anococcygeal body (Symington) ; in front of it, in the 
ttiide«. but separate from it by connective tissue, are the membranous portion 
and. bulb of the uret^a, and the fascia of the urogenital diaphragm ; and in 
the it 3 separated from the lower end of the vagina by a mass of muscular 
and flhroiui tissue, named the perinceal body, 

* of this Rectm^ Journal of AntOomy cmd PhytiioUigy, vol. xJiii.) utiliMia 

; lDr til 


the third ioUh^m the purwe of dividing the reotum iuto a/a. upper and a lower portion ; he 
eopflldeie >j^iter ^to oe aa much a duet as the narrower anal canal below/ and 
maifitaliia that, uiider normal eonditionir, it does not contain fssces except during the act of 
dcIscatiDA. ^ 


a. A. 
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The upiMjr half of the anal canal is lined by mucous membrane' ^hich 
presents from six to tep vertical folds known as the recUil comfnw \MQTqa^n\) 
(fig. 1037). They are producetl by an infolding of the mucous inembrane^d 
some of the lon intudpai muscular.tissue, and are separated from one another 
bv furrows whi^ end below in small crescentic valve-liko folds, termed atw 
valves ; these valves join together the lower ends of the rectal columns, and 
outride each valve is a small pouch or rectal $mus. , .r .. 

The lower half of the anal canal is lined by skin which exhibits a series 
of folds extc.tding ujiwards from the anus towards the rectal columns. The 
junction of the skin and mucous membrant^ is indicated by a white line which 
is somewhat wavy ’owing to the interlocking of the cutaneous and miicouB 

folds * (Symington). i j • 

The anus or anal orifice is the lower aperture of the anal canal, and is 
situated in front of apex of the coccyx in the cleft between the buttocks. 
The skin vsurrouiiding it is thrown into a series of folds whk^h converge towards 
the oriricc* and are eontinued upwards into the lower part of the anal canal. 


Structure of the colon --The large intestino has four coats: serous, muscular, 
areolar, and uujcouh. 

TIjo serous cotiL is derivt‘d from the porit/Hicuni, aud invests the different portions of 
the large intestine to a variable extent. The* avvMin is usually completely covered by the 
si-rous inemhrano, but in about 5 per cent, td easrs tlu' uppi'r part of the posterior surface 
is untjov«^red. The ascending aud descending parts nf the colon an? usu^ly covered only 
in front and at the sides : a variable amount of the posterior surfaoi? is uncovered.* The 
transverse colon is iiivesWl with the t^xception of (a, the posterior surface of that part 
which lies in front of the diiodeniiin and the hea<l of tl? ■ pancreas, and (b) along the 
linc'S of altae-liinejjfc of tlu? greater omentum arul ^^ransverse mesocolon. Tho 
sigmoid colon is <‘ntiroly s\irro»mdt‘d. Tho upper part of the. recttim is covered on its 
anterior .surfaei* aud sides; tho middle part ou its anterior snrlace only; wljilc tho lower 
5 ein. of the re< tuni and the anal eanal are d(‘V(C'J of any serous covering. In the course 
of the e.olon the perit meal eoat is thnnvn into a number of small pouches filled with fat, 
called hdiiics epiplo'uue, Tliey an* most numerous on the transverse colon. 

'rhcj nnii<cular coal (?nnsists of an extornal longitmlinal, aud an intcinal circular layer 
ol noil-striped muscular fibres. 

Till? lonijilvdinal fibres do not iorin a roiitiuuous layer over tlie whole surfae.O of the 
large, intestine. In the laeeum and coh»n they are especially collected into three fiat longi- 
tudinal bands {tiniidj coU), efK*’. of about 12 mm. in wi»iih; one,, tli**. posterior {tetnia 
incsocolii'ii)i is pTiic.^’d along the, attached border of llie intestine, llu‘ ’Ukterior, the largest 
(ifvnia ohieiiialis), rojresponds, a. »ug the arch of the c.oli>n, with tiie attachment of the 
greater (uncntum, hut is in front in the ascending, descending, aud sigmoid parts of the 
colon; the tliird (inniti libera) is foiuid ou the medial .side of the ascending and d(?sccnd- 
ing parts fd tin* cohm, and on the under n'«poct of tlie transverse colon. These bands are 
shorter than the. other coat, of the intestine, and serve to produce the sacculi which are 
charactorittic ol the cycum and colon ; ;»c idingly, when they are dissected off, the tube 
can bo lengtlamod, aud its .sacculated cliara\*t<T bef'omes lost. Tn the sigmoid colon the. 
longitudinal fibres become r .ore scattered; and round the rectum they spread out and 
form a layer, whic:;li cojiipleti-*ly ei.eireles this portion of tlie gut, but is thicker on the 
anterior and postc?rior surfaces, where it forms two hands. Tn addition, two f^isciculi of 
plain muscular tissue arise Irorn the front of the second and third coccygeal vertebrte, and 
pass dowmvards and forwards to bh*ud with the longitudinal muscular fibres on tho 
posterior wall of the anal ennal. Thc'sc are known as the f?/* e. nn n y ff f f ft Z j If g 

The circular fibres form a thi.. layer over the cu'cujn and ccuon, being especially 
aceumulatod in the intervals between the. saoculi: in the rectum they form a thick layer, 
and in the anal canal they become numerou.s, and eonstituU^. the Sphincter ani intemus. 

Tho. areolar coat conuocts the museulur and mucous layers closely together. 

The mucous membrane, in the cfoeum and colon, is pale, smooth, destitute of villi, 
and raised into iiumenjus croscontic fokls which correspond with tho intervals between 
the sacculi. In tho reeturu it is thicker, ol a darker colour, more vascular, and connected 
loosely with tho muscular coat. 

As in tho small intestine , the mucous membrane (fig. 1039) consists of a muscular 
myer, the miiscuJaris mucosie; a quantity of retiform tissue in which the vessels ramifv*, 
a basement membrane, and an epithelium which is of the columnar variety and resembles 
tho epithelium found in the small intestine. The mucous membrane of the large intestine 
presents for examination glands and solitary lymphatic nodules. 

The glands of tho great intestine are minuto tubular prolongations of the mucous 
membrane arranged pin pendicularly, side by side, over its entire surface ; «iey are longer, 
more numerous, ami placed in much closer apposition than those pf the small intestine; 

* Footnote, p. HIT. 



THE LARGE INTESTINE 


1123 


and they open by minute rounded orifices upon the surface, giving it a cribriform appt?AV- 
ance. Each gland is lined by short columnar epithelium, the majority of the cells being 
goblet cells. 

The solitary lymphatic nodules (fig. 1039) of the largo intestine are most abundant in 
the caecum and vermiform process, but are irregularly scattered also ovc=t the rest of the 
large intcstiiic. They are similar to those of the small intestine. 

Vessels and Nerves. — TheartmcsjBiipplying the colon arc derived the colic and 
sigmoid branches of the mesenieBcarteries. They give off large branches, which ramify 
between and supply the muscular coats, and after dividing into small vessels in the sub- 
niucouR tissue, pass to the mucous membrane. 5!bo r^‘tum is supplied by the superior 
hi emorrhoi dal branch of the inferior mesenteric, anTtlilirahal cahal by the middle hGomof- 
rhoidanrom”thiHjypOgu®Ie, and^tFe inferior ha^inorrhoidal frpm the intoriial pudendul 
.ytery. The superior hfleinorrhoidal, the continuation of the mesenteric, divides 

into two branches, W'hich run down either side of the rectum to within about 12*5 cm, of 
the anus; tboy here divide into a number of branches, which pierce the rnuscMilnr coat 
and descend between it and the mucous membrane in the rectal columns as far as tbts 


Fio. 1039. — A section through the nnicou'< membrane of the human rectum. 

X60. (Sobotta.) 

Lcucoeptes in epithelium Gland 



Sphincter aiii intcruus, where they anastoui<JSC with the other ha^morrhoidal arteries and 
form a scries of loops around the anus. The veins of the rectum crmirnemu' in a plexus 
of vessels which surrounds the anal canal. In the vessels forming this plexus are small 
saccular dilatations just within the margin of the anus ; from tlic plexus about six vessels 
<1f considerable size are given off. These ascend between the muscular and mucous coats 
for about 12*5 cm,, ruuning parallel to each other; they then pien*c the muKcnlar coat, 
and, by their union, form a single trunk, th»‘ superior hiemorrhoidal vein. This arrange- 
ment is termed the hcemorrhoidal plexus; it corritnunicatoa with the tributaries of the 
middle and inferior hffiinorrhoidal veins, at its commencement, and thus aconjmunication 
is established between the systemic and portal cinnilatious. Tht', nerves are derived 
from the sympat hetic plexuses ajound the branches of the superior aixTifiTcrior mesenteric 
arteries. TRe^Tiire SistrlFuC^^ in a similar way to those found in tho snutll intestine. 

The lymphatics of the large intestino are doscriVjc’d on p. 731. 

Applied Anatomy, — The small intestine is mufdi ^xpobcd to injury, biit. in conse- 
<juence of its elasticity and the case with which one coil glides over another, it is not so 
frequently ruptured as would otherwise be the case. Any part of it may be ruptured, but 
probably the most common Situation is the horizontal portion of the duodenum, on 
account of iU being more fixed than other portions of the bowel, and because it is situated 
in front of the bodies of the vertebra, so that if this portir»n of the intestine is struck by a 
sharp blow, as from the kick of a horse, it is unable to glide out of the way, but is com- 
pressed affliinst the bone and lacerated. Wounds of the intestine sometimes oc^dr. If 
the wound is a small puncture > under, it is said, 6 mm. in length, no extravasation of the 
contents of the bowel takes place: the mucous membrane becomes everted and plugs 
the little opening. The smal' intestine, and most freqv^iently the ileum, may become 
strangulated by internal band*;, or through apertures, normal or ahnormal. The bands 
may be formed in Several different ways; they may be old peritoneal adhe^ioris from 
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prf'vious attacks of peritonitis; or an adhereut oiucutum from the samo cause; or the 
baud may be formed by Meckol's tliverticulum, which haw contracted adhesions at its- 
distal extremity; or it may be the result of the abnormal attachment of some norznal 
structure, as the adhesion of two Hppcudices cpiploicje, or an adherent vermiform prooesa 
or uterine tube. Intussusceptiun, most commonly an invagination of the small intestine 
into the large, may take place; it may attain great size, and it is possible in these casea 
to find the colic valve projecting from the anus. Stricture, the impaction of foreign 
bodies, and twisting of the gut [volvulus) may also load to intestinal obstruction. 

Resection of a portion of the intestine may be required in cases of gangrene ; for the 
removal of no7‘*7*,^rowth in tlie bowel ; in dealing with artiticial auus ; and in cases of 
rupture. The operation is termed cnterectomy, and is performed as follows : the abdomen 
liaving been opened and the amount of bowel requiring removal having been determined 
upon, the intestine must be clamped on either side of this portion in order to prevent the 
escape of any of its contents during the operation. The portion of the bowel is then 
separated above and below by means of scissors. If the portion resected is small, it xxiBj 
be simply removed from the m*'sontcry at its attachment, and the bleeding vessels tied 
but if it be large it will be iieoessarv to take away a triangular piece of the mesentery, and, 
having secured the v^issela, suture the cut edges of this structure together. In doing this, 
care must be taken not to leave any int<istiTie projecting beyond the line of the section of 
the mesentoy, as gangrene is very likely to occur in the projecting part if this is done. 
The surgeon then proceeds tfj unite the cut t*n<ls of the bowel together by eud-to-end 
anastomnsis. There 'arc many ways of doing this, but they may b'e divided into two 
classtis, one where the anastomosis is m;t<l(* by means of sonic mechanical appliance, such 
as Murphy s button, or one of the forms of dt'calcified bone bobbin; and the other, where 
the operation is performed by suturing the ends of the bowel in such a manner that the 
peritoneum covering the two divided ends is brought into contact, so that speedy union 
may ensue. 


Iho vermih^rm pr(»cess is very liable to become intiamed, because it contains a 
relatively large amvimt of lymphoid tissue which is pror i to bacterial infection. In 
many eases the inflan)mation is set up by tlu) impaction in it of a solid mass of fieccs or 
H foreign body, or by th(j inspissution of it« mucous secretion in catarrhal conditions. 
Uie inllarniuHtmii result in ulei^ration and perforation, or if verv acute in gangren(> 
Of the process. These conditions generally rec.-iire immediate operative interference, 
and m chrome cases with recurring attacks of inflammation it is always advisable 
remove this diverticulum of the bowxd. In neusing the abdominal wall lor this operation, 
the inusclos should be split in the direction oCtlaur fibres, rather than cut across, in order 
to prevent subsequent weakening of the abdominal parirtes and the ce,ciirrence of a 

the pn ‘ess lias beiai removed it is better to suture the planes of 
♦he abdominal wall s(‘paratel^> . 

« iJpf hernia the ileum ‘ . the portion of bowel most froqueiitly liejiiiated. When 

a I art of the large intoatmc is iijv<ilvGd it is usually the cacum. and this may occur even 

1” ‘JsSS'i,.!," ““ ■ "" 1*^ 

p.ritonitis, 01 it may open mto cme the large duodenal vessels and cause death from 
Lnmorrbag ^ An acute uleor sometimes, ?arely, follows oxtenrive Cs of the SjT 
The calibre of the largo intestine, gradually diminisbes from the cajcum which has thf» 

from the distension, leading to rapidlv^fatal pwit< 
right extremity of the transverse colon^am in 

of this Viscus sometimes bursts into the gutta' S sTtfitter^-Se 
bo^o adherent to the duodeiuun or colon, saulton™ 

Cither, and may become iu-.pactc<l ,.rraay bo CharC The 

filffmoid colon renders it more liable to bceome the i n^obdxty of the 

Mi, 

region^ jngumal 

found on p, 46$ and that of the femfM*aP/>avifli its^rclations will 
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depressions, by more or leas prominent bands which converge to the umbilicus 
; <fig. 100(^. The middle umbilical ligament, situated in liie middle line, is covered hy a 
fold of peritoneum known as the middle umhiUedl fold. On either side of this:a fold of 
peritoneum round tiie obliterated umbilical artery forma the lateral umbilical fold. To 
either side of these three cords is the inferior epigastric artery covered by the epigastric 
fold. Between these raised folds are depressions constituting the so-called fovere. The 
most medial, between the middle and lateral umbilical folds, is known as the Hupraveeical 
fovea. The intermediatte one is situated medially to the epigastric fold, and is termed 
the medial inguinal fovea. The third is lateral to the epigastric fold, and is known as 
the lateral inguinal fovea. Occasionally the inferior epigastric artery corresponds in 
position to the obliterated hypogastric artery, and then there is but one fold on (dthor side 
of the middle line. In the usual position of the parts, the floor of the lateral inguinal 
fovea corresponds to the abdominal inguinal ring, and into this fovea an oblique inguinal 
liernia descends. Medially to the epigastric fold arc the medial inguinal and the supra- 
vesical foveas, and through either of these a direct hernia may descend. The whole of the 
space between tho inferior epigastric artery, the margin of the Rectus abdomiuia, and tla* 
Inguinal ligament, is knowoi as If essel bach’s triangle. Below the. level of the inguiiml 
ligament is a email depression corresponding to the position of the femoral ring. It is 
known as tho femoral fovea, and into it a femoral hernia descends. 


Fig. 1040. — The varieties of obliqu«' inguinal hernia. 



[neonipK^to corigcjiir.’tl 



Inguinal hernia . — Inguinal hernia is that torrn ot protru.sion which makes its way 
through the abdominal wall in tho inguinal region. Tliorf* are. two principal varieties: 
lateral or oblique, and medial or <lircf*t. 

In obUgja? ingnirml Jitfifnia the inhistine escapes I’rorn tin) abdominal cavity af the 
abdomin^ inguinal ring, pushing before it a pouch of peritoneum whicli forms tho hernial 
sac. As it enters the inguinal eanal it roeeives an inveslnuint from the c^xtraperitoneai 
tissue and is enclosed in the infiindibuUform fascia. In passing along the inguinal canal 
it displaces upwards tho arched fibres of the Trans versus and Obliqiius intennis, and 
receives a covering of Cremaster muscle and cremasteric fascia. It then pas8<*s along 
tlie front of tho spermatic cord and escapes from the iuguina] canal at tlie subcutaneous 
inguinal ring, becoming invested by intercniral fascia, htislly it descends into the 
rscrotum, receiving coverings f nan the snperticiid fascia and the skiti. 

The seat of stricture in oblique inguinal hernia is at cither the abdominal or t he sub- 
outaneous inguinal ring; mo.st frequently at the former situation. If it is situated at 
the subcutaneous ring, the division of a few fibres at t>nc pcarit of the circumference is 
all that is necessary for the replacement of tho hernia. If at the abdouurml ring, it is 
necessary to divide tho aponcMirosis of tho Obliqnus externus so as to lay open th<* ingui/iHl 
canal; in dividing the aponeurosis the incision should be directed parallel to the inguinal 
ligament, and the constriction at th^ abdominid ring should then bo divifled directly 
upwards. 

When the -intestine passes along the inguinal canal and escapes from tho sub- 
cutaneous ring into the scrotum, it is called a If the intobliue does not 

pass into the scrotum, but merely bulges through the subcutaneous ring, it is called a 

The great majority of varieties of oblique inguinal hernia depend upon congenital 
defects in the saccus vaginalis, the pouch of jHiritoncum which precedes the descent of 
the testis. Normally this pouch is closed before birth, closure commencing at twc^pidnts, 
vis^at the abdominfid inguinal ring and'^at the top of the epididymis, and gradually Vxtend- 
ins tmiii the whede of Ihe intervening porticai is converted into a fibrous cord. From 
fauura in the completion of this process, variations in the relation of the hernial pro^i- 
aion to the testis and tunica vagipalis are produced ; these constitute distinct varieties 
of Inguina) K'^nia, vir.. the heruia of the funicular procosa and the complete congenital 
variety. 
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Where the sacous vaguialis reuiains patent throughout, the cavity of the tunica va^- 
nalis communicates directly with that u£ the peritoneum. The mtertine 


but merely that a condition is preseut which may aUow of the descen® oi me nern» 
at any moment. As a matter of fact, congenital herni® frequently do not appear till 

adult life. * x i • • i. u d-u 

Where the processus va^inuliH is occluded at the lower point only, i.e. just above ttia 
testis, the inuiftiiiie descends into the pouch of peritoneum as far as the testis, but is 
prevented from entorin" tlie sac of the tunica vaginalis by the septum which has formed 
between it and the pouch. This is knovrn as ^rinVi^info the funicular ptacoM-ot. 
plete congenital hernia (lig. 1040) ; it differs from the former in that instead of enveloping 

the testis it lies above it. ^ tn \ 

In direct inguinal hernia the protrusion makes its way through some part of llessel- 
bach’sTmhgTc;^c:rflicf^^^^^ {a) the lateral part, where only extraperitoneal tissue and 
transversalis fascia intervene between the peritoneum and the aponeurosis of the Oblicjuua 
oxtornus; or through (h) the inguinal aponeurotic falx which strotchea across the medial 
two-thirds of the triangle between the artery and the middle line. In the former the 
hernial protrusion escapes from the abdomen on the lateral side of the inguinal falx, 
pushes before it the peritoneum, cxtrajicrih'neal ti.ssno and transversalis fascia, and enters 
the inguinal canal. Tt passc^i al<mg nearly the whoh‘ length of the canal and finally 
emerges from the subcntaru'ons ring, receiving an investment from the intorcrural fascia. 
The coverings of tliis form of hernia are similar to those of the oblique form, except that a 
portion derived from Hie general la,\cr of transverse li*^ fascia replaces the infundibuliform 
fascia. 

In the second form, which is the more frequent, tlie hernia is either forced through 
the fibres of th«' inguinal falx, or the falx is gradually distended in front of it so as to form 
a complete investment for it. Tlie intestine then enters bhe lower end of the inguinal 
canal, escapes at the subcutaiicons ling, lying on tht! meilia. -ide of the cord, and receives 
additional CO v(' rings Iroin the inti rcrnral fascia, the superficial fascia and the integument. 
The coverings of this form therefore differ from those of the oblique form in that the 
inguinal falx is subsUlnted for the (?rciiiaster, and the infundibuliform fascia is replaced 
by a portion of the gojicral la\erof the transvemilis lascia. 


The scab of stricture in both varieties of direct hernia is nsuahy fn.md either at the 
nec?U of the sac or at the subcutaneous ring. In that form which perfornk^a Hio inguinai 
falx it may occur at tlie edge? of the fi.ssurt* through which the gut fiasses. Tn all cases 
of inguinal hernia, wlielhcr direct ur oblique, it is proper to divide tlie strhdure directly 
upwards; by cutting in tliis direction the i 'dsion is made paralKd to the inferior epigastric 
artery — laterally to it in Hie e!>.®qije variety, medially to it in Ihe direct form of hernia; 
all chance of wounding the vespid • thic' avoided. Direct inguinal boinia is of much loss 
frequent occurrence than obli()n«‘, and is found more often in men than in women. The 
main differences in positiiaj between it and the oblitpie form arc : (a) it is placed over the 
08 pubis and not in the course of tlie inguinrd cuial ; (h) the inferior epigastric artery runs- 
on the lateral or iliac sidy of tlio necis rf the .sac: and (o) tlie t.pennatic cord lies along it.s- 
lateral airi posterior sidles, not direi tlv behind it .a ; in oblique inguinal hernia. A direct 
hernia alw^ays (>f the acquirt 1 variety, wneroas tne oblique form is most commonly due 
to non -obliteration of pait or the whole uf Hie jk ritoneal pouch which accompanies the 
lostis in its descent, and the sne is then*fore most often congenital although the contents 
may not descend till later in life. 


Femoral hernia . — In femoral liernia tla* protrusion of the intestine takes place through 
the femoral ring. As already described (p. 654), this ring is closed by the femoral 
septum, a partition of inoditied extraptudtoiieal tissue; it is therefore a w^eak spot in the 
abdominal w^all, and (.'speiualK in the h'male, where the ring is larger, and where profound 
changes are produced in tlie. tissues of the abdomen by pregnancy. Femoral hernia ia 
therefore more common in women Hian in men. 


When a portion of intestine is forced through the femoral ring, it curries before it a 
pouch of peritoneum, which forms the hernial sac. It receives an investment from the 
extraperitoneal tissue or femoral septum, and desj’r.nds along the femoral canal, or inner 
compartment of the sheath of the femoral vessels, as far as the fossa ovalis; at this point 
it changes its course, hemg prevent'd from extending fartln r down the sheath on account 
of the narrovnng of the latter, and its cdose contact with the vessels, and also the close 
attachment of the snperficinl fascia and femoral sheath to the lower part of the oireumfer- 
ence of the fossa ovalis. The tumour is consequently directed forwards, pushing before 
it the fascia eribrosa, and then curves upwards over the inguinal ligament and the lower 
part of the aponeurosis o* Obliquus oxtermis, being covered by the supe^cial fascia 
and integument. While the hernia is contained in' the femoral canal it is usually of small 
size, owing to the resisting nature of the. surrounding parts, but when it escapes from the 
^ssa ovahs into the loose areolar tissue of the groin it becomes cottsiderably enlarged. 
The direction taken by a femoral hernia is at first downwards, then forwards an^ upwards: 
m the application of taxis for the reduction of a femoral hernia, therefore, pressure should 
be directed in the reverse order. 
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The coverinffs of a femoral hernia from within outwards aro: poritoueuiut femoral 
septum, femoral sheath, fascia cribrosa, superhcial fascia, and iutoguuicut. Sir Astley 
Cwper has described an investment for femoral hernia under the name of fascia propria , 
immediately external to the peritoneal sac but frequently separated from it by some 
^ipose tissue. Surgically it is important to remember the frequent existence of this 
layer on account of the ease with whi'.;h an inexperienced operator may mistake the fascia 
for the peritoneal sac and the eontainod extraperitoneal fat for omentum, as there is often 
a great excess of sitbpcritoneal fatty tissue enclosed in the ‘ fascia propria/ In mauy 
cases it resembles a fatty tumour, but on further disseciioji the true hernial sac will be 
found in the centre of the mass of fat, I'he fascia propria is merely a inoililiod foiiioral 
septum which has been thickened to form a membranous sheet by the pressure of tli^ 
hernia. 

When the intestine descends along the femoral canal only as far as the fossa ovalii^ 
the condition is known as incomplete femoral hernia, in contradistinction to the complete 
hernia when it has passed through the fossa ovalis. The small size of the- protrusion in 
the incomplete form of hernia, on account of the firm and resisting nature of the canal 
in which it is contained, renders it an exceedingly dangerous varicity of the disease, from 
the extreme difficulty of detecting the existence of the swelling, especially in corpuh'iit 
subjects. The coverings of an incoinplote fornornl hernia would be from without inwards ; 
integument, superficial fascia, superior cornu of falciform margin of the fossa ovalis, 
femoral sheath, femoral septum, and peritoneum. 

The Seat of stricture of a femoral Ijernia varies : it may be in the peritoneum at the 
neck of the hernial sac; in the greater number of cases it is at the point of junction 
of f-he falciform margin of the fossa ovalis with the free edge of the lacunar ligament; 
or it may bo at the margin of the fossa ovalis. The stricture should in every case be 
divided in a direetion upwards and medialwards for a distaiu*e of about 4 mm. to ft min. 
AU vessids or other structures of imporbince in relation to the ne<'k of the sac will thus 
bo avoided. 

The pubic tubercle forms an important landmark in ser\ing tf) differentiute the 
inguinal from the femoral variety of hernia. The inguinal protrusion is abovi; and medial 
tf) the tub(?rc!e, while, the femoral is below and lateral to il. 

'riuTO are several details of practical interest in conn(*xion with the mesentery wbicdi 
merit notice. 1. The depth of the mesentery^—that is to aa\, the disbiuce from its 
parietal to its intestinal attachment— is normally less than 20 cm., giinerally nearer 
15 cm. ; but under certain abnormal conditions it may become elongated, and this would 
app(‘ar to favour the oceurnmee of hernia of the intestine. 2. Not only may the depth of 
the inesc'ntery be increased, but its point of attaehrniuit to the posteri<»r abdominal w'all 
may yield, and descend ov<*r the hnribar vertebra’. This condition, whicdi is ktifovn under 
the name of enieropioRia, usually occurs in women who have ’norne many ehildren, and is 
attionded with general relaxation of tlio abdominal parietes. It prodiici’s a characteristic 
appearance, the abdomen being prominent and pendulous la hnv, while above, it is 
flattened and constricted. 3. Holes are sometimes present in the mesentery, and these 
may be congenital, or may be tlie result of injury. They are of practical importance, 
siiK’C a knuckle of intestine may become herniated intr) one of them, (‘aiising acute 
strangulation. 4. The lymph-glands contained between the two layers of the Tiiosi*nU'ry 
are frequently the seat of tuberculous deposit, especially in children. 

Colon. — The colon frequently recjuires opening in cases of intestinal obstruction, and 
by some surgeons this operation is performed in cases of caneer of Uio rectum as soon as 
the diseaso is recognised, in the hope that the symptoms may be relievocl by removing 
the irritation produced by the passage of ficcal matter over the diseased surfiicr*. The 
operation of colostomy may be performed either in the iliac or lumbar region; hut tliar 
colofitomy has in the present day I'utirely siipers'aled the lumbar opiTation. The main 
reason for preferring this operation is that a spur-shapr'd ]>r«a‘ess of th(' mosocoloii can be 
formed, which prevents any fiecal matter finding its way past the artificial amis, and the 
greater ease in maintaining cleanliness. The .sigmoid colon being entirely surrounded by 
peritoneum, a coil can bo dVawn out of Ihe wound and opened, leaving the attachment of 
the mesocolon to form a spur, much as it does in an artificial anus caused by sloughing 
of the intestine after a strangulated hernia, and this prevents any fiecal matter fuMling il« 
way from the gut above the opening into that below. The ofioratirm is performed by 
making an incision 5 cm. to 7 cm. long through the outermost fibres of the left Rectus 
abdominis, opposite the anterior superior iliac spine. The, peritoneum is opened; the 
sigmoid colon is now sought, pulled out of the w'ound, and fixed by passing a gloss rod 
beneath it, or by suturing the mesocolon close t«> the gut to the. abdominal wall. Tjoter, 
the protruding coil of intestine is opened, and finally, when firm adh(‘sions have formed, 
it is cut completely across. 

Rectum. — ^The surgical anatomy of the rectum is of c<m.siderable importance. There 
may be congenital malformations duo to arrest of, or imperfection in, development. 
Thus, there may be no prootodteal invagination (.see p. 139), and consoquently a complete 
absence of the anus; or the bind-gut may be imperfectly developed, and there may be an 
absence of the rectum, though the anus is developc^d; or the pn^ofodten.] invagination 
may not communicate with the termination of the hind -gut from want of solution of 
continuity in the septum which in early fcetal life exists between the two. 
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The mucous membiC^e gi tlie rectum is thick ftud but loosely condoled ^ tile 
muscular coat beneath, and thus favours prolapse, especially in children. The vesj^ of 
the rectum ore arranged » as mentioned above, longitudinally, arid are .oontainOd in 
loose cellular tissue between the mucous and muscular coats, and receive no support npni 
surrounding tissues, and this favours varicosity. Moreover, the veins, after run^ltng 
upwards in a longitudinal direction for about 12’^cm. in the submucous tissue, j^etce toe 
muscular coats, and are liable to become constricted at this spot by the contraction ol the 
muscular wall of the gut. In addition to this there are no valves in the supOTor hasmorr 
rh(jidal veins, and the vessels of the rectum arc placed in a dependent position, and are 
liable to be prr'^ed upon and obstructed by hardened ftecq^. The anatomical arrange- 
ment, therefore, of the liieinorrhoidal vessels explains the great tendency to the occurrence 
of piles. The presence of the Sphincter ani extemus is of surgical importance, since it is 
the constant coutracti<ai nf tliis muscle which prevents an ischiorectal abscess from heal- 
ing, and causes it to beooinn a fistula. Also tne reflex contraction of this muscle is the 
cause of the severe piiiTi criuiplained of in fissure of the anus. The relations of the 
peritoneum to the b<*wel are importance in connexion with the operation of removal of 
the rectum for malignant disease. This membrane gradually leaves the rectum as it 
descends into tlie pelvis; first leaving its posterior surface, then tho sides, and then the 
II ntorior surface, to become reflected, in the male on to the posterior wall of tho bladder, 
forming tho rectovesical cxcavuthm, and in tho female on to tho posterior wall of tho 
vagina, forming the recto-iiteriuo excavation. The rectovesical excavation extends to 
within 7*5 crn. from tho anus. Witliin recent years much more extensive operations have 
been done for tlie removal of cauecr of the rectum, and in these the pfjritorieal cavity has 
necessarily to be opened. For (jases of cancer of tlie rect\un which are ttX) low to be 
reached by abdominal scctiim, and too high to be removed by the p(*riiia‘um, Kraske has 
devised an operation which goes by his n.une. The patient is placed on his right .side and 
an incision is made from the last pieci^ of llie sacrum to the anus. The coccyx is removed, 
and if necessttry a small piece of the* saerum, and tho edges of the wound being now 
forcibly draw'ri outw^ards, a cousidi ralilc length of tlie reA-Um is bn^ught into view, and 
the diseased portion is removed . 

The. l(j<^se oonneetive tissue rouTuVlhc* rectum, above the lievatm ani, is oc(ja.sionnlly 
tho site of an abscess, thi* aetivi* focus of which , lunvt ver, may be located elsewhere, this 
fiirm of abscess may be described us tht* unpr.rioT palvirpcfal; it is placed above the pelvic 
diaphragm but boneai i. the peritoneum. Tho acute variety is generally due to ulceration 
or perforation of tlu^ bowel (possibly produced by a foreign body) above’thc level of attach- 
ment of the Jievator ani. The abscess may also occur above a sbicture (pimple or malig- 
nant) of the rectum; ocfasionally it arises from suppuration around tlio prostate, and 
more raridy follows absc,esfi ol the vesiculaj scminales. Chronic abscesses also appear in 
the sam<‘ region cither froin caries <d the a’'‘<-eri‘or surface of the .nacrum or from caseation 
(»f the prcsacral lyin[>li>ghinds, list [i\ other cases an abscess finds its way down into tho 
pelvis from disease of the anterior surfaces of the bodies of the i jrnbar vertebraj. For 
abscess in tho isehinrectal fossa, see p. 472. 


TkK PANCEIiAS 

* 

The pancreas is a euuipunnd vneeuiose ;iland, analogous in its strueturo 
to the salivary glands, but softer, and less com|iaotly arranged. Tt is irregularly 
prismatic in shape, aiul from to 15 .(Jflt'jpiig. Its right oxtromity, 

being broad, is ciilled the Ararf, and is connected to the main portion, or body, 
of tho organ by a slightly constrietcrl part, the neck ; while its left oxtromity 
gradually tap<»rs to form the tail. It is placed across the posterior wall of the 
abdomen, at the back of tho epigastric and left hypochondriac regions 

Relations (figs. 1041 lo l043).-~The head, flattened from before backwards, 
is lodged within the curve of the duodenum. Its upper border is overlapped 
by the superior jmrt ‘of the duodenum ; the other borders are grooved to 
receive the adjacent margin of the duodenum which they there overlap in 
front and behind to a variable extent. The angle of junction of the lower 
and loft lateral l>ordera forms a prolongation, termed the 
which projects to the left behind the superior mesenteric vessels. In or new’ 
the groove between the duodenum and the right lateral and loprer bonto 
anteriorly are the anastomosing superior and infericn’ pancreationd midAwal 
arteries; the common bile-duct descends behind the head, oIoM to its right 
border. . ' ; 

.4n«8f»or swr/oce.— The upper part of the rUjht Mf of th^ of the 

head is in contact with the transverse colon, only areolar tissue pitgrVWliia. 
The lower part of the right half is covered by peritoneum eoQthr^ttg'wil^ ^ 
inferior laywof the trsnsvprse mesocolon, and is in oonto^ U^ Oio e^ 



THE PANCREAS 

the email mteatine. The mck springs from the.upp^ part of the kfi half, 
:^the right limit of the neck being marked by a groove for the gastrodoodwal 


Pia.'1041« — transverse section through the abdomen at the level of the middle 
of the first lumbar ^vertebra. (Braime.) 
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artecy* 11» lower part finiM the unciiiate procew which, as already stated, is 
eroemd by supeiiQir meB^thrio vessels. The superior nsesenteric vein 
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runs upwards on the tight side of the artery, and, behind the neck, jotne mth 
the lienal vein to form the portal vein. . . . i i.* 

Postericyr surface. — ^The posterior surface of the head is in relation With 
the inferior vena cava, the renal veins, the right crus of the Diaphragm^ and 
the aorta. . The common bile duct either lies in a groove on^ the poa^or 
surface of the head of the pancreas or in a canal in its substance (McConndl ). 

The neck is ajbout 2 cm. long, and* is confluent below and to the Tight 
with the anterior surface of the head ; it extends upwards and to the left, 
and merges Ajapcrccjitibly with the body. It is a ijbmewhat ridge-like part 
of the pancreas, accentuated by two vascular depressions ; below and to the 
left is the dt^ep notch containing the superior mesenteric vessels, while above 
and to the right is a groove in which the lower end of the gastroduodenal 


Fig. 1043. — The pancreas and duodenum. From behind. 
(From a^model by His.) 



artery and its continuation, the superior pancreaticoduodenal artery, are 
lodged. Its anterior surface supports the pylorus ; its posterior surface is 
in relation with the commencement of the portal vein. 

The body is somewhat prismatic in shape, and has throe surfaces : 
anterior, posterior, and inferior. s 

The anterior surfarr is somewhat concave, and is directed forwards and 
upwards ; it is separaU'd from the stomach by the omental bursa. 

The posterior surface is devoid of peritoneum, and is in contact with the 
aorta, the lienal vein, the left kidney and its vessels, the left suprarenal gland, the 
ori^ of the superior mesenteric artery) and the crura of the Diaphragm. , 
The inferior surface is narrow on th^ right but broader on the left, and is 
covered by peritoneum ; it lies upon the duodenojejunal flexure and on sbme 
coils of the jejunum ; its left extremity rests on the left colic flexure. 

The superior border is blunt and flat to the right ; narrow and sh&rp to 
the left, near the tail. It is in relation with the cceliac artery, from which tlte 
hepatic artery courses to the right just above the gland, while the lienal hrtery 
runs towards the left in a groove along. this border. A process^ the^4t(jStsr 
usually projects from the right end of the superior border, above 
the level of the lesser curvature of the stomach, and is in coni^t with the 
hinder aspect of the lesser omentum. 


* Journal Anatomy and Physiology, vol.*iliz. 
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The ankriar bo9^der separates the anterior from the inferior surfaee, and 
,kloog this border the two layers of the transverse mesocolon diverge from one 
"another : one passmg upwards over the anterior surface, the other backwards 
over the inferior suiface. 

He inferior border separates the posterior from the inferior surface ; the 
superior mesenteric vessels emerge under its right extremity. 

The tail is narrow ; it projects awards behind the splenic vessels, coming 
into ooUtact with the inferior part of the gastric surface of the spleen, 

Birmingham describe the bo<ly of the. pancreas as projecting forwards 
as a prominent ridge into the abdominal cavity, and forming part of a bed or 
shelf on ,which the stomach lies. ‘ The* portion of the pancreas to the left 
of the middle line has a very considerable anteroposterior thickness ; as a result 


Fig. 1044. — Th<* pancreatic duct. 



the anterior mirface is of consid<'ral)lc extent ; it looks strongly upwards, and 
forms a large and imi)ort.ant part of the shelf. As the pancreas extends to 
the left towards the spleen it croases the upper part of the kidney, and is so 
moulded on to it that the top of the kidney forms an extension inwar^ and 
backwards of the upper surface of the pancreas and extends the bed m this 
direction. On the other hand, the extremity of the ]>ancreas comes m contwt 
with the spleen in such a way that the plane of its upper surface runs wth 
little interruption upwards and. backwards into the concave gastric surtwe 
of thje spleen, which completes the behind and to the left, and, running 
upwards, forms a partial cap for the wide end of the stomach. 

The pancreatic duct ( ductus Wk samgD traver^ 
to right, lying nearer its pSSISerior than its anterior surface (fig. 1044). 1 
coittmenoek by the junction of the small ducts of the lobules situated in the 
tail of the pancreas, and, running from left to right through the ^y, reoei^ 
the dnots <« the, various lobules oomposmg the gland. Considerably an^en^ 
in MM, it rehches the neck, and turning downwaids, backworfs, and to 
right, comes into relation with the common Wlc-duct, w^ch hea to 
8^0 ; leaving the head of the gland, it passes very obliquely through the 
mucous and musculw coats of the duodenum, and ends by an oniiee comtttom 

^ of Attatomy and PhfftMogg, vci. ssxi. jit. 1, V- idi’ 
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it and tbe bile-duct upon the summit of the duodenal 

situated at the i^edial aide of the cmscending portm of the duoden]|un»/&pm 
7 cm. to 10 cm. I^yond the' pylorus. The pancreatic duct, near the dtto4ei9i^h3i!i, 
is about the size of m or^ary quill. Sometimes the pancreatic, duct a)id 
the common biQe*duCt' open separately into the duodenum. Freqp^tly 
there is ah additional duct, which communicates with the pancreat^ icluct 
in the neck of the pancreas and opens into the duodenum about 2 cm. afmVe 
the duodenal papilla. It receives the ducts from the lower part of the head, 
and is knowfT^Ss the accessory pancveatit duct fdiict^i^ ^ap tqrini). . • 



Structure (fig. 1045). — In structure, tho panci'lifts resembles tlie salivary glands. It 
differs from them, however, in (iertain particulars, and is loQper and softer in Its texture. 

It is not enclosed in a distinct cCf?* 

Fjo. 1045.— a ftocticii of tlie pahcrca.s uf ;i sule, but is surJ’otiuded by 

dog. X250. tissue, which dips into its inTinor, 

and connects together the various 
.1 1 vcofus lobules of which it is composed. Each 

lobule, like the lobules of the salivary 
glands, consists of one of the ultimate 
rurnifications of the main duct, end- 
ing in ^ number of alveoli, which are 
tubular and soniewhiit convoluted. 
I’he minute ducts (intercalary ducts) 
t^oim»!cted with the alveoli are narrow 
and lined with fattened cells. In 
some animalij spindlo-ahaped cells 
occu]»v tho^ centr e of nHyeo lus 
and Known as 

These aio prolongaffons 6f the ter- 
niinal ducts. Tlie true secreting cells 
which lino the w'all of the alveolus 
are columnar in shape and present 
two zones : an outer one, clear and 
faintly striated, next the basement 
rnembrano, and an inner one which 
contains secretory granules. In 
-i-i I • 1 t , hardened specimens wie outer zone 

wherea:' tho inner, zone stains slighHy. During 
Mtivity the eremaar zone i aduelly diminishes in size; during the resting 
^ JnweHses until it forms nearly three.fourths of the ceJl. In some oi 
the secreting cells of the pancreas i» a spherical mass, staining more easily than the rest 

Between Ih****! P«IHJUtcto, and ie believed to hi derived from the weleus 

Betw^n the alveoli are found, m certain pai-t-,, collections of cells, which are termed 
ceH.»8lcf«, or isj^ndg ol J en^r^u^ The cells of those stain lightly with 
h*matoxyhn or carmine, ann are nuire orTcss polylndral in shape, forming a ne^rk in 
which capillaries ranufv lhpr«‘ ar. two rmii) types of cell in the islets dis- 

tinguished as A-cells and B-cells according ti» tlie sppidal staining reactions of the granules 
they contain. The cell-islete bavn bi'en supposed to produce the internal secretlim of the 

near its terminttilon with a few scattered follielos. mciium, ana lumisnea 

V^scls and Nerves. The arlerie^ of the panvre'a.i arc derived from the Itonol 
and from the p^creatic^uodenal branches of the hepatic and sunorior 
arteries. ■ Its I'cin* open into the lienal and superior mesenteric veins ' Its htnuthaiii- 
vetuU ate described on p. 732.* Its nerec* are filaments from the iionafj|leS,s. ^ ^ 

-tpphW ^nafo»iy.- -Infi4mmation of tJie pancreas has of late vears received 'eon. 
siderable attention. It appears to be due to infection of tto pancro^ic ducts hv miiad- 
OTgamsnw from the dn^um in cases of gastroduodenal ca^h, or 
passafiTcs m which a is hidirfid. i. . . t .... ^ 


^ganism, from the d«^ in ^serofi;:;rl.;i;;^dcuaT:ar^^^^^ 

passages in ^h'^h a galhstono is lodged, .\ciite cases usually terminate fatally and are 

frequently of the hieiaorrhi^c type; chronic inilammalaon of the 

few s^ptoms of disease unless it is extetlsive, when attneks of abdo^S^Sdn*!^ 

apprtite, prowessive ^kneM and wasting, anchthe passage of ^iUsb fai^ 

are likely to fallow, Extenaivo fibrosis of tlie pancreas is* also one of '^ ■ 

^ons found ^t-mortem in ^ses of diabetes me¥itus. CysCf 

tamm with, ^ey may be tlm v^^t of traiunatisiii, when they keiint^*'(t^fr& ' 

obstroclaon of a duct, or 

mmduetby agafi-sfeme. They mayattMn a foige size, andean*. 
on the stomach , Diaphragm, or common bUe^duct. They generally 
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# 41 ^ Mww l^e stomach and tpansverse colony may thejr llls.Wt as a dedmte^ 
linapur in the middle Uim of Uie imper part of the abdomen. The tnitiour is fixed ana 
dm not, moTo with respiration. . l^o treatment eonaists in opening the abdomeii.in the 
twiddle hiw, incising' the cyst, evacuating its contents, and, fixing its walls to tlfe deeper 
teyets of the abdominal wall. Drainage m the left toin, just bplow the last rib, can some^ 
mmee hp- established* When they are situated in the tail of the pancreas they have been 
The pancreas is often the seat of cancer; this usually affects the head« and 
therefore speedily involves the common bile-dinst^ leading to persistent jaundice ; or it 
thay prew upon the portal vein, caujfing ascites, or involve the stomach, causing pyloric 
obst^ction. It has been said that the pancreas is the only abdominal viscus which has 
nevejr been found in a hernial protrusion; but even this organ has been found in company 
with'Other viscera, in rare cases of diaphragmatic hernia. 


The LivifiR (Hepar), 

The liver, the largest gland in the, body, is situated in the upper and 
right parts of the abdominal eavity, occupying almost the whole of the right 
hypochondrium, the greater part of tlie epigastrium, and not uncommonly 


Fm. 1046 . — The superior, auterior, and right lateral surfaces of the liver. 
(From a" model by Mia.) 


QalhbJadder 



Left triangv^T figament 


extending into the left hypochondrium as far as the mammary line. In the 
male it wdghs from 1-4 to 16 kilogm., in the female from 12 to 14 kilognil 
It is relatively much larger in the foetus than in the adult, coiwtituting, in 
the former, about oi»teighteenth, and in the latter, about one-thirty-sixth 
of <4ie entire body weight. Its greatest transverse measurement i« from 
20 cm. to 22 cm," Vertically, near its lateral or right surface, it mcasuree 
ftoro 16 CM- to 17 cm.j -while its greatest anteroposterior diameter is on a 
level with the upper end of the right kidney, and is froip 10 cm. to 12 ; 

the. ve*te^l colmnn its measurement from before backwards is 
xedw^id to pbopt'? cm. Its consistence is that of a soft solid ; it is, howerof, 
laca;ated ; its dokmr is a dark reddish-brown, and its spedt^ 

. has been hardened in ailu it presents the app^ranoe of a 

whk^ is direi^ to tixe right and tbe edge to the left, 
its that ‘ of a right-angled triangular .prism with 

tM j^ks rounded ’bff/ ' . 
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The liver jpoa^esaes .five surfaces, viz. superior, inferior, anterior, p<wtaiw, 
and right. The inferior is separated from the superior, anterior, wd ri|pt 
surfaces by a sharp margin, but the superior, anterior, and right surfaoM are 
Tinited by round borders. A sickle-shaped fold of peritoneum, named Uke 
falciform ligament, is attached by its convex edge to the Diaphragm and 
anterior abdomiiiai JiraJl, and by its concave edge to the anterior and wp^or 
snrfaces of ^e liver which it duvidas into a large right and a small Mt ipbe 
(fig. 1046). Tnthefreeedgeofthisligamentthereisaroundcord.thelfpamenriwtt 
tere« hepalis, .vfhich consists of the obliterated left umbilical vein. 

Fossae. — ^The inferior and posterior surfaces of the liver (figs. 1047, 1048) are 
traversed by five fo.s8® or fissures, arranged somewhat like the letter H. The 
left limb of the H is formed by the left sagittal /cis^a, which here separates 
the right and left lobes ; it consists of ah anterior part, the fossa for the umbilical 
vein, and a posterior part, the fossa for the ductus venosus. The right limb 


Flu. 1047.-' -The posterior and inferior surfaces of the liver. 
(From a model by Ilis.) 



of the H is forme<l by the rjg^jsagmgifma,. the anterior of which is the fossa 
for the gall-bladder, the pr.sterior, the fossa for the inferior vena cava. The 
croBS-lmr of the H is represented by the porta hepatis. 

The/ossa for the umlnlical vein (fig. 1047) is a deep cleft which runs backwards 
from a notch (inciaura umbiliaiMs) on the anterior margin of the liver to the 
left end of the ]^rta hepatis, where it joins the fossa for the ductus venosus. 
It forms the left boundary of a four-sided area named the quadrate lobe, and a 
part of it is often bridged by a band of liver-substance, named the pons hevgtis. 
In the foetus it loolges the left umbilical veil}, and in the.adult, the obTlterated 
remaiiw of this vein, viz. the ligamentum teres hepatis. 

The fossa for the ductus venosus (fig. 1047) is a deep cleft on the posterior 
surface of the liver, seiwrating the loft lobt* from an oblong area,, named the 
caudate lobe. In the nptubjtjodges the ductus venosus, and in the adul t, a 
part of rile le^§er ome^um, and a slender cord, naincd the ligamcMhim. venoswtt, 
which represents the obliterated remains of the duct. The ligamic^um 
tuna upwards and towards the right, in front of the upper end of the caudate 
lobe, and is attached to the wall of the inferior vena cava. 

The fossa for the galldiladder (fig. 1048) is a shallow depression on the inferior 
surface of the right lobe, parallel with, but <m the right of, the for the 
umbilical vein. It extends from the anterior margin cf the liver, which k often 
notohed by it, to the right extremity of the porta hepatis, and forms the right 
limit of the quadrate lobe. 
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‘ The fossa for the inferior vma cava (fig. 1047) ie a deep depreseioiii occa- 
fiiOQally a complete tunnel, on the postmor surface of the liver, between the 
caudate lobe and what is known as the ‘ bare area ’ of the right lobe (p. 1136). 
It is separated from the porta hepatis by a narrow band of Uver>subdtance, 
named the ca udat |^ pMBOflS; If the inferior vena oava be slit open the orifices of 
the hepatic veins will be displayed. 

The porta hepatis (trapemaeJEussui^^ (fig- 1048) is a deep fissure about S ottl. 
iPIW* It runs transv^ely between the posterior ends of the fossas for the 
'‘gall-bladder and umbilical vein, cmd separates the quadrate from the caudate 
lobe. Through the porta hepatis the portal vein, the hepatic artery and 
plexus of nerves enter, and the right and left hepatic ducts and some lymphatic | 
vessels leave, the liver. Near the right end of the porta hepatis the right and'^ 
left hepatic ducts unite, at an obtuse ai^le, to form the hepatic duct. The 
hepatic duct and artery are placed in front of the portal vein, the duct lying 


Fio. 1048. — The inforior surface of the li?ei*. (From a model by His.) 



Common bile-duct 


on the right side of the artery. Tlie lesser omentum is attached to the margins 
of the }>orta hepatis. 

Lobes. — ^As already stated, the falciform ligament and the left sagittal 
fossa serve to divide the liver into a right and a left lobci. 

The left lobe is thin, flattened from above downwarebi, and only about 
one-sixth of the size of the right. It presents superior, inferior and posterior 
suriaces which are described with the surfaces of the liver. 

The right lobe is of a somewhat quadrilateral form. The porta hepatis 
and the fossss for the gall-bladder and inferior vena’ cava traverse its posterior 
and inferior surfaces and divide its left portion into two smaller lobes, named 
the quadrate and caudate. 

Tne muehnUe hbe. (%». 1047, 104$) is situated on the inferior surface dt the 
livor. -ll is bounded m feost by the anterior raatgfn, b^und by the porta 
hep^, m lthe «i|^ by the foaaa the gall-bladder, and on the left the 
foqaa lor the vein. ^ isoUoi^insImpB, UsmnteeopoetceiordiiKmeter 

behis gpreater than Us transveiee. 

'irae omdaU lobe (Spigehan lobe) (Bg. 1047) is situated on the postMior 
surface of the Uver, onpodite the lower three thoracic vertebrae. It is bounded 
above by,^ upper plifC nf'the )igam^ium venosui^r held w by the pmla 
hepatis, a4.tlie right by the fctasa for the inferior vena oava, and on the Im by 
^efostnfdlfthednotaavmuNnis. Ithastwofreeaurfacee; one, quadrilateral in 
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shape, direct^ badhwiu^ and a little to the Idft, is £r 0 iil''tiie 

Diaphragm the' eiiperiof recess of the omental buiisa (p. 1092), the other, 
directed forwards and to the left, forms the right wall .of the fossa for the 
ductus venosus, and is in contact with the'part of the lesSer omentum which ,Ue^ 
in this fossa. A notch divides the projecting lower end of the lobe into a rounded 
left part, named the papilMTU^^tOceMS, and a narrow right part, termed the 
caudate process. The latter" separates the porta hepatis from the fossa for 
the inierior vena cava, and connects the caudate lobe with the inferior surfoce 
of the main i^rt of the right lobe (fig. 1048). 

SurfaceS>~The aupenor surface of the liver (fig. 1046) includes portions of 
the right and left lobes. It fits under the vault of the Diaphra^^ and is 
covered by peritoneum, with the exception of a small triangular area between 
the diverging layers of the falciform ligament. Its right and left portions are 
convex, but on its central part there is a shallow which corre- 

sponds with the position of the heart on the upper suriace of the Diaphragm. 

The ariteiior surface, triangular in shape, also comprises portions of the 
right and left lobes, and is covered by peritoneum except at the line of attach- 
ment of the falciform ligament. A large part of this surface is in contact 
with the Diaphragm, which separates it on the rij^t side from the sixth ^he 
t enth ribs and their cartUages, and on the Ijgft sid^rom the seventh^^f^^Hith 
costa) ci^riilages. tis central part lies behind the xiphoid prooess^f ffte sternum 
and, in the angle between the diverging right and left costal cartilages, the 
anterior abdominal wail. 

The right siirface is convex froin before backwards, and slightly so from above 
downwards. It is covered by peritoneum and lies against the right portion of 
the Diaphragm which se^jarates it from the lo\\'c?r parts of the right lung and 
pleura ; outside these are the right costal 

ClsxCQth inclusive. . . - -- . 

The posterior surface (fig. 1047) includes portions of the right and left lobes, 
and is thick and convex on the right, but thin on the left. Its central part is 
deeply concave in adaptation to the convexity formed by the veT'tcbral column 
and the crurn of the Diaphragm. A large part of this surface of f he right lobe 
is not covered by peritoneum but is attached to the Diaphragm by areolar tissue. 
This non -peritoneal suriao**, or ' bare area * as it is termed, is triangular in shape, 
and is limited above and below by the superior and inferior layers of the coronary 
ligament. Its base is formed by the fossa for the inferior ver^’ cava, while its 
apex, directed downwards and l.derahmrds, correspond with the meeting-point 
of the two layers of the coronary ligament. Immediately to the right of the 
lower part of the fossa for the inferior vena cava is a small triangular pit, 
the greater part of which is on bare surface; it lodges the right supra- 
renal gland and is named the mprw'mal Impression, Between the foss» 
for the juerior vena cava and the ductus venosus is the caudate lobe, already 
described. Immediately to the left of the fossa for the ductus venosus, on 
the posterior surface of the left lobe, is the oesophageal impression in which 
the antrum cardiaeum of the (esophagus is lodged. 

The inferior or visceral surface (fig. 1048) is concave but uneven. It is 
directed downwards, backwards and towards the left, and is in contact with the 
stomach, duodenum, lesser omentum, right colic flexure, right kidney ai^ 
right suprarenal gland. It is invested by peritoneum, except at the fossa for 
the gdl-bladder and at the ]Jorta hepatis. On the inferior surface of the left 
lobe; and in direct continuity udth the cnsophageal groove, is the gastric ifnpres-, 
Ssm which is moulded over the stomach. On the right of this impression is a 
rounded eminence, the^^M^cr ^mkUe.; this fits into the concavity of the lee^ 
ourvattute of the stomach, aiiSTis in cemtaot with the lesser omentum, Cte ^e 
right of |h6 fossa for the umbilical vein is the quadrate lobe which is ooncttve ^ 
and lies over the pyloric part of the stomach and the l}e^nniag of the dubde^tn^ 
wh^ th^ arc^^dilated. When, on the other hand, the stomach is. empty 
qua(|^ate lobe Uln contact with the superior part of the duodenum a 

of this transvenseiolon. Behind the quadrate lobe are the porta hcj^ti^ tho 
papillaryand caudate processes, already described. Theteaie three ihikfMa^^ , 
coUc, renal and duodenal, "on the part of the right lobe which : 

right side of the fossa for the gaB-^litedder. The 
tight colic flexure, is dstilpw and ip situated anteriotly. The 
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post^or to and deeper than the colic iitipreefidon, |s occupied by the upj^r 
partfol^the right kidney, and frequently extenda tor a short distance on to 
iho fower part of the ^ bare area.’ The dmdeml im^preision is between the renal 
impreasipn and the neck of the gall-bladder. It is a narrow concave surface 
which comes into contact with the descending part of the duodenum. 

The onfertor margin of the liver is sharp, and marked, opposite the attachment 
of the falciform ligament by the incisura umbilicalis, and frequently by a 
second notqh opposite the fundus of* the gall-bladder. In adult males this 
margin generally corresponds with the lower edge of the thorax in the right 
mammary line, but in women and children it usu^ly projects below tlie ribs. 

. Ligaments. — The liver is connected to neighbouring structures by ligaments. 
These, except the ligamentum teres hepatis and the ligamentum venosum, coil- 
s' of folds or retlGctions of the peritoneum and comprise the falciform, coronary, 
right and left triangular, hepatogastric and hepatoduodenal ligaments. 

The falcifgrm UganierU connects the liver to the Diaphragm and to the 
anterior abdominal wall and is a sickle-shaped fold consisting of two layers 
of peritoneum closely united together. Its convex margin is fixed to the 
inferior surface of the Diaphragm, and to the anterior abdominal wail as low 
as the umbilicus. Its concaves margin is attached to the anterior and superior 
surfaces of the liver and to the fossa for the umbilical vein on its inferior surface. 
In its base or free edge are contained th^Hgamentum tji^rca..hapatiA.tW 

YHn° At the posterior par^ "of the superior surfaco of 
fhe liver the two peritoneal layers of the falcifonn ligament separate from 
one another and expose a small triangular area which is uncovered by peritoneum. 
He right layer of the ligament is continuous with the superior layer of the 
coronary ligament, the left with the anterior layer of the loft triangular ligament 
(fig. 1046). 

The cormary ligament (fig. 1047) is formed by the rctiections of the peritoneum 
from the liver to the Diaphragm at the upper and lower boundaries of the 
‘ bare area,' and consists of a superior layer which is continuous with the right 
layer of the falciform ligament, and an inferior layer which passes on to the 
right kidney and suprarenal gland and is termed the 

The fight triangular ligament (right lateral ligament) (fig. 104(5) is situated 
at the right extremity of the ‘ bare area,’ and is a small fold which passes to the 
Diaphragm. It is formed by the apposition of the two layers of the coronary 
ligament. 

The left triangular ligament (leftJatmaLiigament) (fig. 1046) is larger than 
the right. It connects the posterior pari of the upper surface of the liver, 
to the Diaphragm, and its anterior layer is continuous with the left layer of 
the falciform ligament. 

The hepatogastric and hepatoduodenal ligaments together constitute the 
lesser omentum which is attached below to the lesser curvature of the stomach 
and the superior part of the duodenum, and above to the liver along the margins 
of the porta hepatis and at the bottom of the fossa for the ductus vonosus. 
Between the layers of the hepatoduodenal ligament arc? contained the commoik 
bile-duct, the portal vein and the hepatic artery, together with siune lymph-gland J 
lymphatic vessels, and a plexus of nerves. 

The ligamentum teres hepatis (fig. 1048) is a fibrous cord resulting from the 
obliteration of the left umbilical vein of the foetus. It runs from the umbilicuB 


upwards and backwards in the free margin of the falciform ligament to 
the incisurai^ umbilicalis, and above this in the fossa fof the umbilical vein 
to the porta hepatis where it joins the left branch of the portal vein. Before; 


^tion of the ductus venosus. It ascends in the fossa for the ductus venosus 
^and .unites the left branch of the portal vein to the terirdnal part of the inferior 
vena cava. Before birth the ductus venosus. transmitted. 


ve8«eU coto;C>cted with tha liver are tb«: portftl vein, unci the 

' «tid UepaHc ai^ry, aooompaiuedhy numerous nerves; ascend between 

lesser omiettnai to tiie port*' hepstss. where, eat^ divides into two 
bitches; nod fynrp^tie vessels descend froto ^e porta hepatis between 


a.A, 'dc 
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the layers of the same omcntuiw. They are aU enveloped in a loose areolar tissue, 
fibrous capsule of OlissQnt which accompanies the vessels in their course through the 
portal canals in the inte^br of the liver (fig* 1050). , . , . 

‘^ The hepatic veins (fig. 1049) convey the blood from the liver to the inferior vena cava, 
and are drscribod on p. 703. They have very little cellular investment, but what there is 


Fig. 104V). — A longitudinal section of a 
hepatic vein. (After Kiernan.) 



Orifices nf intiahfbular vrms 


Fig. 1050. — A longitudinal section of a small 
portal vein and canal. (After Kiernan.) 



binds them closely t«> the walls of the canals tlirongh which they rim : so that, on si'ction 
of tho liver, they nfinain widely open rind are solitary, and may be easdy distinguished 
from tlic branches of the porlal vein, which are inoreor less collapsed, and always aceoni- 
]»anicd by an artery and duct. 

The hjmphniic vessels of tlie liver arc h-scribed on p. 731. 



The nerves of the liver, derived from thejeft vagus and ^ enter at the porta 

hepatia and accompany tho vessels and ducts tolIwihteiioD^ Here, according 

to Kofolkow, the medullated fibres arc distributed almost exclusively to the coats of the 
blood-vessels ; while the non-medullatcd enter the lobules and ramify between the cells. 

Structure of the Liver.— The liver is dark reddish-brown in colour -and is covered by 
peritoneum, underneath which is a thin capsu^ Ql QOmpQ^W tissue. With the naked 
oye the liver can be seen to consist of an enormous number of poT^Mral lobules (fig. 
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which is about 1 mm. in diameter, lu the pig each lobule is sharply 
marKcd on from those adjoining it by connective tissue septa, but in the human liver 


bm. 1052. 


-A section across a lobule of a pig's 
liver. XCO. 


Sinuiuid' 


Column of liver- 
cells 

Interlobular vein 


Intralobular vein 


there are no such (iefiiiit» 
boundaries. 

A IqI)^Ic consists of a mass 
of cells, arranged in columns 
which radiate from a central 
Vein (fig. 1052). Between the 
columns are irregular blood- 
vessels (siujjggids). 

A lij:^cch is approxi- 
mately cubical in shape, and is 
from 12/x to 25/x in diameter. 

It possesses one or two spheri- 
cal ni jo l ci, and its protoplasm 
usually contains granules of 
Jiud of a cornpouhd 
of iron. Faj^di^oplots may ulsf» 
be present in the liver-ccll. 

Blood is convoyed t<i tbi' 
liver by the portjil vein and 
hepatic artery. These vt'sscl.-, 
enter the liver at the porta 
hcpalis, and, as already stattid, 
artj enclosed togidlier with th(' 
lie.patic duct in a eonuocti\e 
tissue sheath termed Glisson's 
(vxpsulo. In the porta liepatis 
the portal vein, hepatic artery 
and duet each divide into right 
.and l(*ft. branches, and these branches subsequently ramify, in tbeir connective tissin‘ 
('iipsnle, throughout, the substance of the liver, an<l aic accompanied by nerves and 
lymphatic vessels. The spaces occupied by these various structures .are mimed portal 
canals (fig. lO^y). Tht' smallest branches of tho portal vein form iniorlobukir plexuses 
between the liver lobuh's, and from those plexuses capillary-liko vossids, named sijuusoids. 
run between the columns of ]i\er-<M‘ll.s and open into tlio iulralohular veins in the centres 

of tho lobules. The intra- 

V’lo. 1050. - -A section across w portal canal of ii 
pig. X250. 

Hepatic artery 


Sublobular vtin— 



Bile-duct 


^Lymphatic 
vesst ■ 


lobular veins join to form 
ubiohuluT ucitiHy and these 
unite to form the 
neins (fig. 1049) which 
drain the blood from tins 
liver into the infearior vena , 
cava. 

The hepatic artery con- 
voys arterial blood to the 
conneeJ^ivQ, ..tissue ol the 
liver, to the walls of the 
subdivisions of the portal 
and in the bile-ducts; 
its ultimate branches open 
intu the, interlobular plcx- 
ii'si^s and provide oxygen- 
alcd blood forthelivcvcdls. 

The. einnsoUh are widhr 
imd more* irregular than 
capillaries, and have an 
incomplete wall formed of 
branched cells (stellate 
■cells of KupfTer). There 
is uo lyniph-spacc between 
the wail of the siiiu.soid and 
the livcr-cells, and, in con- 
.serpjcnco of the gaps in the* 
former, the blood comes 
into direct contact with ihc 
hepatic cells. Moreover, 

according to Heniug and Simpson, minute channels pem-trato the liver-ccdls, conveying 
tho Gonstituents of the blood into their stibstanco. 

do not pen* trate the lobuiea, but receive 



J^orfal 

vein. 


The do not pen* trate the lobuiea, but receive miniitc canaliculi which 

convey thenlB irom the cells to the periphery of the lobules. These canaliculi, or bile- 
capiltariee, are merely little chaunelH or spaces between adjacent cells, and are always 
separated frfjm the sinusoids by at least half the width of a livcr-oell (fig. 1054). 


H40 
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Hiructute of the duets^ — ^^I'bo wnlls uf the biliary duets consist of a coimective^tissuo 
coat, in which arc non-striped mus' locells arranged both circularly and longitudinally, 

and an epithelial layer, consistingof short columnar 
cells resting ou a basement membrane. 

Nerve-fib fih are said to be distributed between 
the cells of the liver lobules, and even to enter 
thoir substance. 


Fm. 1054. — ^The bile^capillaries 
of a rabbit, shown by Golgi’s 
method. x450. 



Kig. 1055.- -The gall-bladder and bile- 
duf'ts laid open. (Spaltebolz.) 


Gall- 

hladdtiT 


Excbbtory Apparatus of the LtviiR 

The excretory apparatus of the liver 
consists of (1) the hepatic duct, formed by 
the junction of the two main ducts, which 
leave the liver at the porta hepatis ; (2) the 
gall-bladder, which serves as a reservoir 
for the bile ; (3) the cystic duct, or duct of 
the gall-bladder ; and (4) the amirim bile- 
duct, formed by the junction of the hepatic and 
cystic ducts. 

The hepatic duct.— Two main ducts (right and left hepatic) issue from 
the liver at the porta hepatis and unite to form the hepatic duct, which passes 
downwards for about ^cnj., and is joined at an acute angle by the cystic duct ; 
by the union .of the two aucts the common bile-duct is formed. The heimtic 
duct is on the right of the hepatic artery 
and in front of the portal vein. 

The gall-bladder (wsjca fellea) (fig. 

10.15) is a conical or peaf-snaped sac, 
lodged in a fossa on the under surface of 
the right lobe, and extending from near 
the right extremity of the porta hepatis 
to the anterior border of the liver. It is 
from 7 cm, to 10 cm. in length, .3 cm. in 
breadth at iis widest ]»art, and holds 
from 30 c.cni. to^ 50, it is divided 
into a fundus, body, an<l neck. The 
fniidus, or expanded end, is directed 
downwards, forwards, and to the right, 
and XRojects beyond the anterior border 
of the liver ; the body is <firectcd upwards, 
backwards, and to the left. 'Ihd upper 
surface of tho gall-bladder is attao^ied 
to tho liver by connective tissue and 
vessels ; tho under surface and sides are 
covered by peritoneum, which is con- 
tinued from tho surface of the liver. 

Occasionally the gall-bladder is com- 

r 3ly invested by peritoneum, and may 
connected to the liver ly a short 
mesentery. 

Relations. — The body of the gall- 
bladder is in relation, by its upper surface, 
with the liver ; by its under surface, with 
the commencement of the transverse colon ; 
and farther back usually with the upx>er 
end of the descending x)ortion of the 
duodenum, but sometimes with the 
superior portion of the duodenum or 
pyloric end of the stoinach. The fundus 
18 comjieteJy invested by peritoneum ; it is in relation, in front, with the 
abdomh^al parietes, - ... , , 

with the^tn^ verse colon; The neck is narrow ; 

and th®, timiing abruptly backward and 

with the oystio duct ; at its pomt of continuity with the oy^c duct it 
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; ft constriction. The neck is attached to the liver by areolar tissue in which 
the cystic artery is imbedded. Below the neck is the superior part of the 
duodenum. 

Structure (fig. 1056). — The gall-bladder has three coats : si rcnis, fibromuscular, and 

'"’Tile external or ^prous coat is derived from tho peritoneum ; it (iomplctoly invests the 
fundus, but covers only tho undor surfaces and sides of the body and ucok. 

Tho /itro?nuacttlcr coaf, a thin but strong layer, consists of dense fibrous tissue, mixed 
witli plain muscular fibres, which are disposed chiefly in a longitudinal direction, a few 
running transversely. 

The iniernal ov tnveovs coat is loosely comiccled with the fibrous hnt^r. It. is gener- 
ally of a yellowish-brown colour, and is elevated into minute rugft\ Opposite tho neck 
of the gall-bladder the mucous membrane projects inwards iu the form of oblique ridges 
or folds, forming a sort of spiral valve. The mucous membrane is corttiiiuous tlu’ough 
the hepatic duct with that of the diicts of tho liver, and through tho common bile-duct 
nifch that of the duodenum. Jis ('pitliclium is eolunniar. «,nd secretes mneui, or, in some 
animals, a niujlcpprotcin. 


Fio. 1056. — A transverse section of the wall of the gall-bladder. 



The cystic duct, from 3 cm. to 4 cm. long, passes backwards, downwards, 
and to the left from the neck of the gall-bladder, and joins the hepatic duct 
to form the common bile-duct. The cystic duct rims parallel with and adheres 
to the hepatic duct for a short distance before joining with it. Tho nii^oous 
m^br^e lining it.s interior is thrown into a series of creseenticJpIdH, from 
Iwelve ip .nu mher. similar to tho^ found in tho neck of the gall-bladder. 
They project into the duct in regular succession, and are directed obliquely 
round the tube, presenting much tho appearanct^ of a crescentic spiral valve. 
When the duct is distended, the spaces between the folds are dilated, and the 
exterior of the duct appears twisted. 

The common bile-duct (cj^petus oholedochus) is formed by the junction of 
tho cystic and hepatic ducts ; it is about 7 (•fn. Ipn^, and of the diameter 
of a goose-quill. 

it runs at jSrst downwards, backwaitis, and to the left in the right border 
of the lesser omentum, in front of the portal vein, and on the right of the hepatic 
artery. It passes behind the superior portion of the duodenum, and then 
jffuns in a groove, on the posterior surface of tho head of the pancreas ; here 
'it k situaM in front of the inferior vena cava, and is sometimes completely 
imbedded in the pancreatic sutetance. Its terminal part lies for a short 
distance sSibng tbe right side of the terminal parir of the pancreatic duct and 
passes w!ith it obliquely throu^ coats of the duodenum. Tho two ducts 
unite a^^opdii by a common orifice upon the summit of a papilla, rituated 
at tie side of the descending portion of the duodenum, 7 cm. to 10 cm. 

pylbrus (figi 1044). The short tube formed by the union of the two 
ducts k dnated mto an ampulla, the 
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Structure.— The coats of the large biliary duets are an external or £ttiEStua> and an 
iiiturnal or xj),ucoti6» Tho fibrous coat composed of strong fibro-arcolar tissuO} with a 
certain amount of muscular tissue, arranged, for the most part, in a circuit manner 
around the duct. The mucous coat is continuous with the lining membrane of the hepatic 
ducts and gall-bladder, and also with that of the duodenum; and, like the mucous 
membrane of these structures, its epithelium is of the columnar variety. It is provided 
with numerous mucous glands, whiem are lobulated and open by minute orifices scattered 
irregularly in the larger ducts. 

Applied Anatomy * — On account of its large size, its fixed position, and its friability, 
the liver is iiiore frequently ruptured than any of the other abdominal viscera. The 
rupture may vary from a slight scrutch to an extensive and complete laceration of its 
substance, dividing it into tw’o parts. Sometimes an internal rupture, without laceration 
of the peritoneal covering, takes place, aud such injuries are most susceptible of repair; 
but small tears of the surface may also heal ; when, howrover, the laceration is extensive, 
death usually takes place from hairnorrhago, on account of the fact that the hepatic veins 
arc contained in rigid canals in the liver-substance and are unable to contract, and are 
moreover unprovided wdth valves. The liver may also bo torn by the end of a broken 
rib perforating the Diaphragm. It may be injured by stabs or other punctured wounds, 
and when these are inflicted through the chest- wall, the pleural and peritoneal cavities 
may both be opened up, and both lung and liver wounded. In cases of laceration of the 
liver, when there is cvirlcnce that bleeding is going on, the abdomen must be opened, the 
laceration sought for, and the bleeding arrested. This may bo done temporarily by intro- 
ducing the forefinger into the epiploic foramen and placing the thumb on the lesser 
omentum, and compressing the liepatic artery and portal vein between the two. The 
margins of the laceration, if small, can bo brought together and sutured by means of a 
blunt curved needle passed from one side of the womid to the other; this must be done 
with the greatest gentleness, as the liver substance is very friable. ^Vhen the laceration 
is extensive it must be packed with gausre, the end of which is allowed to hang out of the 
external wound. 

Abscess of the liver is of not infrequent occurrence. The so-called tropical abscess is 
due to absorption, from the intestine, of the arno'ba of dysentery, which reaches the liver 
through the portal system and causes the forrnutmn of a large chronic abscess; this may 
enlarge in n^aijy different directions on account of the relations of the liver to otlii'V 
organs, Thus it lias been known to burst into the lungs, when the pus i:; coughed uj) ; or 
into the stomach, when the pus is \omited; it may burst into the colon, or duodenum; 
or, by perforating the Diaphragm, it may empty itself into the pleural cavity. It often 
makes its way forwards, and points on the anterior abdominal \vall, and finally it may 
burst into the peritoneal or pericar Jial cavities. Abscesses of tLc liver fivqucntly require 
opening, and this must bo done l> ' an ineisi«^ii in the abdonnnal wall, in the thoracic wall, 
or in the lumbMr region, acicordlug to the direction iu which the ab'ice^s is tracking. The 
incision thr«>ugli the al)dominal is to bo prefHrrotl \.'}ien possibJe. The abdo 7 ninal 
wall is incised over the. swelling, and, uuh ss tlu' peritoneum is adherent, gauze is packed 
all round the exposed liver surface, fclio abscess opened, and a Jargo drainage tube 
inserted. 

Hydatid cysts arc more often fouim n the liver than in any of the other viscera. The 
reiison of tins is not far to seek. The cmbrxo of the e,gg of the Tfcnia echinococcus, being 
liberated iu the stomach by the disintegration of its shell, boros its way through the 
gastiric walls and usually enters a blood-vessel, and is carried by the blood-stream to the 
hepatic capillaries, where its onward cour'-e is arrested, and where it undergoes develop- 
ment into the fully formed hydatid. 

Ptosis of the liver, or hepatoptosis, from abnormal laxity of its ligaments and failure 
of the support it usually receives from the subjacent viscera, is an occasional cause of 
various nervous -and gastro-intcstiual disturbances. It has been very fully described by 
Gl^nard and hi.s pupils. In women who have used very tight corsets and in men who 
have worn tightly buckled belts, the lower margin of the right lobe may become elongated 
by tho pressure, producing an abnormal lobe known as the linguiform or FiedeVs lobe. 
This may cause indefinite abdominal symptoms suggesting dyspepsia or disease of the 
gall-bladder; and if discovered accidentally, a Riedel’s lobe may be mistaken for a 
tutnour of the right kidney, of the colon or pancreas, or even of the vermiform process. 

The gall-bladder may become distended in cases of obstruction of its duct or of the 
common bile-duct, or from a collection of gall-stones in its iiit-cnor, thus forming a large 
tumour. The sw'olling is pear-shaped, and projects downwards and forwards tow'ards thel 
umbilicus. It moves with respiration, since it is attached to the liver. To relieve thw 
condition, the gali-bladdor must bo opened (cholecystotomy) and the gall-stones removed. 
The operation is jjerformod by an incision, 5 cm. to 7 cm. long, through the lateral part of 
the right Rectus, commencing at the costal margin. The peritoneal cavity is opened, 
and the tumour having been found, ga\ize is packed round it to protect the peritoneal 
cavity, it is aspirated. When the contained fiuid has been evacuated the flaccid 
bladder is*drawn out of the abdominal wound and its wall incised ; any gall-stones in the 
bladder are now removed. If the case is one of obstruction of the duct, an ai^mpt must 
be made to dislodge the stone by manipulation through the wall of the duct. If this does 
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■ the safest plan is to incise the duct, extract the stone, and close the incision 

obstruction having been removed, the edges of the 
tn© gaU-biMder may be sutured round a drainage ttibc which is inserted into 
All K? fistulous opening usually closes in the course of a few .weeks. The 

gau-Diaaaer may bo completely removed if it be quite certain that no cause for biliary 
ODstruction remain ; this is also done for primary malignant growth of tho vfscus. 

Ubstruction of the common bile-duct apart from stone is often due to occlusion of Ibis 
canal by pressure of malignant growths, especially those commencing in the pylorus or 
pancreas. It is also seen following ulceration of the duct, cicatricial contraction of the 
scar tissue takmg place. Enormous distension, both of the common duet itself and of 
its radicles in the liver substance, may occur at times. 


urogenital apparatus 

The urogenital apparatus consists of (a) the urinary organs for tlie secretion , 
and discharge of the urine, and (b) the genital organa, which are conceniod 
with the process of reproduction. 


THE URINARY ORGANS 

The urinary organs comprise tho kidneys, which secrete tho urine ; thi' 
ureters, which convey it to the urinary bladder ; and the urethra, through 
which it is discharged from tho bladder. 


f:' Tllli KrONKYS (Rknks) 

I i 

The kidneys are situated in the posterior part of tho abdomen, one on 
cither side of the vertebral column, behind the peritoneum, and are surrounded 
by a mass of fat and loose areolar tissue. I'heir upper extremities are on a 
level with the upper border of the twelfth thoracic vertebra, their lower, with 
iJie third lumbar vertebra.* The right Iddnoy is usually slightly lower than 
the left, jirobably on account of the vicinity of tho liver ; tho left is a little 
longer and narrower than the right. The long axis of each kidney is directed 
downwards and laterahvards ; the transverse axis lateralwards and backwards. 

Each kidney is about 11 icm. in length, (> cm. in breadth, and about 3 om. 
in thickness. The weight of the kidney in the adult male varies from 125 gm. 
to 170 gm., in the adult female from llS.gm. to 155 gm. 

The kidney has a characteristic form, and presents fur oxaminatiuii two 
surfaces, two borders, and an upper and a lower extremity. 

Relations. — The anterior surface (figs. 1042, 1057) of cither kidney is 
convex, and looks forwards and lateralwards. Its relations to adjacent viscera 
differ on the two sides of the body. 

(а) Anterior surface of right kidney , — A narrow portion at tlie upper oxtreraiby 
is in contact with tho right suprarenal gland. A large area just below this 
and involving about three fourths of the surface, lies in the renal impression 
on the inferior surface of the liver, and a narrow but somewhat variable area 
near the medial border is in contact with the descending part of the duodenum. 
The lower part of the anterior surface is in contact laterally with tho right 
colic flexure, and medially, as a rule, with the small intestine. The area in 

g)relation with the small intestine and the greater part of the area in contact 
with the liver are* covered by peritoneum ; the suprarenal, duodenal, and 
colic areas are devoid of peritoneum. 

(б) Anterior surface of left kidney , — ^A small area along the upper part 
of the medial border is in relation with the left suprarenal gland, and the 
upper two-thirds of the lateral half of the anterior surface are in contact with 
.the renal impression on the spleen. A somewhat quadrilateral field, about 
the middle of the anterior sm^e, marks the site of contact with the body 
of the pancreas, on the deep surface of which are the lienal vessels. Above 
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this is a small triangular portion, between tho suprarenal and 8pleni<y 
in contact with the stomach. Below the pancreajiic area the lateral pa^ is 


Fici. lOri?.— The anterior surfaces of the kidneys, showhig the areas of contact 
of tlic neighbouring viscera. 


Huprartnal arm 



ill lolation with the left colic flexure, the medial with the small intestine- 
The areas in contact with the stomach and spleen are covered by the pevitoneumi 
of the omental bursa, while that in relation to the small mtesti»ie is covered! 
by th(* ])critoneum of the :iiain cavity ; behind tho latter are somo branches of 


Flu. lOufi.— posterior surfaces of the kidneys, showing Hit* ureas of relation 

to the parletes. 

KUventh rib 



the left oqKo vessels. The suprarenal^ pancreatioy end Ofdio sMae are^devc^ 
of^riioneum. 


THE KIDNEYS 

: The posierior aurface (figa, 1058, 1060) of either kidney is directed backwards 
and medialwards. It is imbedded in areolar and fatty tissue, and is devoid; 
^f peritoneal covering. It lies upon the Diaphragm, the medial and lateral* 
lumbocostal arches, the Psoas major, the (^adratiis lumborum, and the; , 
tendon of origin of the Transversui^ abdominis, the subcostal, and one or twof 
of the upper lumbar arteries, and the last thoracic, iliohy]^gastric, and ilio- 
inguinal nerves. The right kidney crests upon the twelfth rib, the left usually 
on the eleventh and twelfth. The Diaphragm separates the kidney from 
the pleura, which dips donm to form the phrenicocostal sinus, but frequently the 
muscular fibr^ of the Diaphragm are defective or absent over a triangular area 
immediately above the lateral lumbocostal arch, and when this is the ease the 
perinephric areolar tissue is in contact with the diax)hragmatic pleura. 


P'lG. 1050. — The relations of the frnin. la'liiml. 



The superior extremiti/ is thick and i-ouiidetl, and is uoarev the median line 
than the lower ; it is surmounted by the suprarcmal gland, which covers alstr 
a small portion of the anterior surface. 

The inferior extremity, .smaller and thinner than the superior, extends to 

; that of the left kidney is in contact, at its 

npi>er part, with the spleen. , . , 

The medial border is concave in the. centre, and convex towards either 
extremity ; it is directed forwards and a little downwards. Its central part 
presents a deep vortical fissure, the which transmits the vessels, nerves 

and uieter, aftd is hounded by overlianging ^terior and posterior liiw. Above 
the bilutn. the 'medial border is in relation with the suprarenal gland. 

The relative positions of the main structures in the hQum arc as follows : 
the renal vein is in front, the artery in the middle, and the ureter liehind and 
direct^ downwards. E^umtly, however, branches of both artery and vein 
axe rflwed behind the ureter. ■ 

’mhUumexpasudsinto a central cavity termed the : this contains 

the renal 4bpes and the u pper part of the ren^ p^is, surrounded by some 
in whieb the branches of tlietenal vessels and nerves are imbed^. 

Tba ftofit s<a!ftb,,tp ia 

eacb of wfeich ejubrifcccfl one/Or more of the renal (p> 1147) ; they 
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to forjii, tubefl, and these in turn join to form a funnel-shap^ 

termed the rewaJ pdvid. 

Fio. 1060. — A sagittal section through the posterior 
V abdominal wall shoeing the relations of the capsule 
of the kidney, (After Gerota.) 


The renal pelvis, wide above 
and narrow below, is situ- 
ated partly mside and 
partly outside the renal 
sinus, and is on ^..l^vel .with 
the spmoua. tbe 

first lumber, vei^tipbra ; at 
its neck or lower tapering 
end the ureter begins. 

The kidney and its 
vessels are imbedded in a 
mass of fatty tissue, termed 
the which 

is thickest at the borders 
of the kidney and, is pro- 
longed through the hilum 
into the renal sinus. The 
kidney and the adipose cap- 
sule are enclosed in a sheath 
of fibrous tissue continu- 
ous with the subperitoncal 
fascia, and named the renal 
Jfigs- 1060, 1061). TCt 
the lateral border of the 
kidney tho renal fascia 
splits into an anterior and 
a posterior layer. The 
anterior layer is carried 
rncdialwards iu front of 
the kidney and its vessels, 
and is continuous over the aorta with the corresponding layer of the o)>posite 


Eleventh rib 


Twtljih rib 


Posterior 
lamella of 
renal fascia 


Paranephric 
hod it 



Peritoneum 

Vessels of hilum 
of kid nr if 


Section of 
right colic 
fiejrnrf 


side. Tho posterior 
layer extends medial- 
wards behind the 
kidney and blends with 
tho fascia on the 
Q uadratus 1 umbon i n i 
and Psoas major, and 
through this fascia 
is attached to the 
vertebral column. 
Above the suprarenal 
gland the two layers 
of the renal fascia 
fuse, and unite with 
the fascia of the Dia- 
phragm ; below they 
remain separate, and 
are gradually lost 
in the subperitoncal 
fascia of the iliac 
fossa. The renal fascia 
is connected to the 
fibrous tunic of the 
kidney by numerous 
trabeculiB, which tra- 
verse the adipose cap- 
sule, and are strongest 
near the lower end 
of the organ. Behind 
^he renal fascia js a 


Fic. ')01. — A transverse section, showing tho relations of 
the capsule of the kidney. (Afi^^r Clcrota.)' 
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^o^derable of fat, which constitutes the bo^y . The 

money is held in position partly through the attachments of the renal fascia 
and partly by the apposition of the neighbouring viscera. 

1 * structure of the Wdncy.— Iji, the ffjiabia the kiduoy consists oj^ about twelye 

dxstiiwt lobules, but in the adult these are completely fused so that the organ presents 
smooth svrface. It is invested by a fiblQys which is easily stripped 

off; beneath the fibrous capsule is an rrf apionth xhe 

kidney is dense in texture, but is easily lacerafeTo by mechanical force. If a vertical 
section be made from its convex to its concave border, and the loose tissue and fat 
removed from anjund tlie vessels and the excretory duct, the renal sinus will be seen 
siurrounded §kt all parts but one by the proper 

ki^ey-substance (fig. 1062). The fibrous cap- 1062.— A verticiil section of 

sule IS prolonged into the sinus round the lips kidney, 

of the hilum, to become continuous wdth the 
outer coat of the renal pelvis. 

The kidney is composed of an internal 
ntfidullary and an external ej^itical aubstanno* 

The medullqry substance consists of a aeries 
of pale striated conical masses, termed the 
r^naL:pyi;ij^Viids, the bases of wdiich arc directed 
towards the circumference of the kidney, whil»j 
their apices converge towards the renal sinus, 
where they form prominent pnpilke projecting 
into the interior of the calyccK, eaeh calyx 
receiving from one to three papilla?. 

The cortical substance is reddish-brown in 
colour, amT soft and granular in consistence. 

It lies immediately beneath the fibronc tunic, 
arches over the bases of tlio pyramids, and dips 
in between adjacent pyramids towards the renal 
sinus. The parts dipping in bidwecn the pyra- 
mids arc named the renal columns (Bertini), 
while the portions which coTino(;t the renal 
columns with each other and intervene between 
the bases of the pyramids and the fibrous tunic 
arc called the cortical arches (iudicalcii between 
A and a' in fig. 1062). If the cortex be exam- 
ined with a lens, \b will be seen to consist of a 
series of lighter-coloured, conical areas, termed 
a dar ^coloured interven- 
ing*substance, which from the complexity of its 
structure is named the convoluted part. The 
rays gradually taper towards tlie circumference 
of the kidney, and consist of a series of nvtward prokaigations fi*om the base of eacli 
renal pyramid. • 

Tlio cortical and medullary substances arc made up of renal tubnios and blood-vessels, 
united and bound together by a connecting stroma. 

Minute Anatomy. — The renal tubules (fig. 1063) 'commence in the cortical substance, 
and after pursuing a very tortuous course thi'ough cortical and medullary substances 
finally end at the apices of the renal pyramids by 01:11 mouths. If the surface of one 
of the pa p»ll >^ be examined with a lens, it will be peon to bo studded over with nrjinutc 
openings, the orifices of the renal tubules, from sixteen to twenty ia.nuiiibcr, and if 
pressure be made on a fresh kidney, urine will be seen to exude from these orifices. The 
tubules commence in the convoluted part and renal columns as the Mal^jghian bodies ^ 
which aje small rounded masses of a deep rod colour, averaging about 0'2 rnm. in dia- 
meter. Each of these bodies is composed of two parts : a vessels, 

and a membranous envelope, the capsule , of ^ Bommant wnich is the small pouch-liko 
commencement of a renal tubule. 

The glomerulus is a lobulatcd tuft of convoluted capillary blood-vessels, held together 
by scanty connective tissue. This capillary network is derived from a small arterial twig, 
the afferent vesseU w'hich enters the capsule, generally at a poin; opposite to that at which 
the latter is connected with the tubule; the efferent vessel emerges from the capsule at 
the same point. The afferent vessel is usually the larger of the two (figs. 1064, 1065). 

Bowm 4 in*s capsule is the blind expanded end of the renal tubule, indented for the 
reception of the glomerulus. It consists of a basement membrane, lined by a single layer 
of flattened epithcliaF cells. Thus between the glomerulus and the outer layer of the 
capsule there is a space-lined by a continuous layer of squamous cells : this cavity varies 
in size according to the state of secretion and the amount of fluid present in it. In the 
foetus and young subject the l):iing epithelial cells are polyhedral or even columnar. 

Each renal tubule consists of the following parts : (1) Bowmnn^s capsule^ already! 
described, (2) a constricted portion, the week, (8) the first convoluted tubule, (4) spiVaZf 
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i tubule, which takes a coiftae towards tli;e moduli, (5) the P/ 

'\ hop, narrower than the prieceding, and running into the 
^turn^ to form (6) the^ j^opn ^ (7) 

Uhe descending lifinh, which re-nnters the eortieal substaneeTW^^tur^ular,^ angular' 


Fio. 106d, — A scheme of a renal tubule and its vaficulav supply. 
IJoivrnmi's capmh Neck 1st oonroluted tuhnlr 

Afferent 
Efferent vessel 


Intcrtkhuldr capillaries 
Interlobular vein 

Interlobular artery .. 
SpiraZ tubule — 


Urnlc'sf Ascending limh 
loop 1 Descending limb 


Arterial arch 
Venous arch 



Artcrice rectcc 


Duct of Bellini . 


) Cortical substance 


Boundary :onr 


M edullary substance 


Fio. 1064. — The distribution of tlio4i>lood' 
Ycssclj in tbo cortex of kidne\. 


Fn>. 1065. — A glomerulus. 




isegmeut, tbe zig^sag tubule, (9) the second convoluted tubule, (10)ihe junctioml tubvler 
Iwhioh opens into (13E), the collecting tubule (fig. 1066), 

The straight or collecting tubules commence in the medullary rays of the cortex) they 
. Unite at short intervals >vith one another^ the terminal, tubes presenting a eonsiderabio 
incroase in calibre, and are known a« tlie o j - they finally i^n ^n tte 

fiimnnit of one of the papilltt. ' f 
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j BtrucUir^ of ihe renal waial tubutos consist of o basement m^Bmbv^no 

^ined by In tiie neck tbo epiibelinm is cobtiiiyious with that lining Bowman a 

l apsule, and like it consists of each containing an oval imcleus (fig, 1067). 

The two convoluted tubules, tlie"spim and zigzag tubules* and the ascending limb of 
Henle's loop ate lined by a type of epithelium which is histologically similar in all. The 
cells are somewhat colunmar in shape and dovetail 

into one another on tWSrTateral aspei'ts. Each has 1066.-~A longitudinul sseotion 

a striated border next the lumen of the tube; its of the descending Umb of 

substance is granular, the granules in the outcir llenlc’s loop, 

portion being arranged in vertical row's. The 
nucleus is spherical and situated about the centre 
of the cell. In the descending limb of Henlo's 
' loop the epitheliiun resembles that found in the 
Malpighian capsule and the commencement of the 
^-ube, consisting of flat, clear epithelial plates, each 
A\’ith an oval nucleus (fig. 106G). The nuclei ait<?r- 
nate on opposite surfaces of the tubulo so that the 
lumen remains fairly constant. 

In the straight tubule the epithelium is eleai* 
imd cj^bifial : in its papillary portion the cells arc 
colu m nar and transparent (fig. 1068). 

The renal blood-vessels. — Before entering the 
kidney, each artery divides into four or five 
branches which at the hilum lie mainly between 
the renal vein and ureter, the vein being in front, 
tho ureter behind; one branch usually lies behind 
the ureter. Eaci^.ypseel.«.giws..di, aoma..«..8paall 

to tliQ urotet. Meinbrnna propria. 6. KpUlioliiiiii. 

ana totTie'surron namg ccl lulai; tiisswc ftftajXMaicfes. 

Frequently a second renal artery, termed tlio infexw renal ^ is given ufl from the 
abdominal aorta at a lower level, and supplies the lower portion oi tho kidney, whilst 
oc<’asiottally an additional artery enters the upper part of the kidney. The branehoR of 
the renal artery, while in the sinus, give off a few twigs for tho nutrition of tln^ riutoutuI- 
ing tiRsuea, and end in the arterue ^roprue renaleH^ which enter the kidney pro])»‘r in tho 


Fxg. 1067.— a section of the cortex of a Inimati kidr x25(). 


(fonvolated tubule 


Malpighian tuft 


yvek of tvhiilf: 


, ' 9 

i*enat <;olumns'. Two of these pass to each renal pyramid, and run^long its sides for ita 
«nlir 0 length, giving off in their course the afferent ves«<ds of tho Malpighian bodies in the 
oolumiis* Having arrived at' the bases of the pyramids, they form arterial arches of 

H . * A* T . i ^ » Xl. ^ I--!: 




i^dhes, theieohveaity of the vess^ being towards the aurface of the kidney. 
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, InUrhbular arteries (fig« 1063) are given oSt irooi the convex side of the arterial arcade,, 
and l)as8 directly outwards between the modullary rays to reach the fibrous tunic, wWe 
they end in the capillary netiK'ork of this part. These vessels do not anastomose with each 
other, but form what are celled jpnd-art^rjea. In their outward course they give odB the 
afferent vessels for the glomeruli ^pr 1147). From each glomeridus the corresponding 
efferent vessel arises, and breaks up into a number of branches which form a dense plexus 
around the adjacent renal tubules. 

A second set of branches from the arterial arcades supply the renal pyramids, which 
they enter at their bases; and, passing straight through their substance to their apices, 
terminate in th(v^exugcs found in that situation. They arc called the arferic^ XjeUe, 
The efferent vessels from the glomeruli nearest the medulla l)reak \ip into leashes of 
straight vessels artericc rectre) which pass down into the medulla and join the ploxas 
of vessels there (fig. 1063). 

Tlie renal veins arise from ihreo sources, viz. the veins beneath the fibrous tunic, the^ 
plexuses around the convoluted tubules in the cortex, and the plexuses situated at the 
apices of the renal pyramids. The veins beneath the fibrous tunic {venae stellatae) are 
stellate in arrangenumt, find are derived from the capillary network into which the ter- 
minal branches of the inh'.rlobiilar arteries break up. These form the commeneemonk 


Fib. 1068.- -A transverse section of the pyramidal substance of the kidney t>l a 
pig, the blood-vessels of which were injected. 



«, Large collecting tube, cat acroM, lined with cylindrical cpit-hflluiii. b, U-anch of 
colteutlng tube, cut across, lined wit cubical erlthiUtim. c, d, Henle's loops ..ut a<Toss. 
n. tonncctlve tissue ground-substance, e. Blood-ve^ela ?ut across. 


of the interlobular veins, which pass inw ds between the rays, receive branches trom tho 
plexuses aroimd the convoluted tubul^, and, having aicived at the bases of the pyramids, 
join the coavex sides of the veno.is arches. 

'I’hc ycnie rcctai arise from the plexuses at the apicc s of the medullary p /ramids. They 
run outwards in a straight course between the tubes of the medullary substance, and join 
the concave sides of tho venous arcades; these in turn uuito and form veins which pasa 
along the sides of the pyramids (fig. 1063). 

The latter vessels, vcncs proprice renaleSf accompany tho arteries of the samo name, and 
quit the kidney substance to enter the sinus. In this cavity they join the corresponding 
veins from tho other pyramids to form the renal vein, which emerges from the kidney at 
the hilum and opens into the inferior vena cava ; the left vein is longer than the right 
and crosses in front of the abdominal aegrta. ® ' 

Nerves of the kidney.— The jujwrns of the kidney, although small, are about fifteen.^ 
munher. They havo small ganglia developed upon them, and are derived from therMial 
|nc;^u8, wdiioh is formed by branches from the cceliac plexus, tho lower and outer part of 
the ca>liac ganglion and aortic plexus, and from tho lesser and lowest splanchnic nerves. 
The spinaLnawtes which supply the kidney are derived from the tenth, eleventh\ijdsJ 
sojgments of the medulla spinalis. The nerv^^ommunteStc' w^^ 
testicujpjggxua, a c which may explain the occurrence oTpain in the testis 

in aff^tions of the kidney. They accompany the renal artery and its branches, and ore 
distributed to the blood-vessels and to the cells of the urinary tubules. 

The lymphatics of the kidney arc described on p. 782. 

Connective tissue, or tn^(^rf^htila#«sir<i^ia.'*~-Although the tubules and vessels are 
closely packed, a smtU amount of connective tissue, continuous with the fibrous tunic, 
binds them firmly together and supports the blood-vessels, lymphatics, and nerves. 

Applied rinafoniy.-^Malformations of the kidney are not uncommon. There may he 
an entire absence of one kidney, but, according to'Morris, the number of these cases is 
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* excessively small ’ : or there may be congenital atrophy of one kidney, when the kidney 
IS very small, but usually healthy in structure. These cases are of great impoitance, and 
must be taken into account when nephrectomy is contemplated. A more common ■ 
malformation is where the two kidneys ^are fused together.^ They may bo joined together 
rnily at their lower eiids by means of a thick mass of renal tissue, so as to form a horseshoe* 
shaped body, or they may be completely united, forming a disediko kidney, from which 
tv. 0 ureters descend into the bladder. These fused kidneys are generally situated in the 
middle line of the abdomen, but may be misplaced as well* In some mammals (o.g. ox 
and bear) the kidney consists of a number of distinct lobules ; this lobulated condition is 
characteristic of the kidney of the human foetus, and traces of it may persist in the adult. 
Sometimes the pelvis is duplicated , while a double ureter is not very uncommon. 

One or bofii kidneys may be misplaced as a congenital condition, and remain fixed 
in this abnormal position. They arc then very often misshapen. They may bo situated 
higher, though this is very uncommon, or lower tlian normal, or removed farther from 
the vertebral column than usual; or they may be displaced into the iliac fossa, over the 
sacrodliac joint, on to the promontory of the sacrum, or into the- pelvis between the rectum 
and bladder or by the side of the uterus. In these latter cases tJiey may give rise to very 
serious trouble. The kidney may also be misplaced as a congenital condition, but may 
not be fixed; it is then known as a floating kidney. It is believed to bo duo to the fact 
that the kidney is completely enveloped by peritoneum, which passes backwards to 
the vertebral column as a double layer, forming a mesonephron which permits of rnovo- 
nir-nt taking place. The kidney may also be misplaced as an acquirofl eontlilion ; in these 
cases the kidney is mobile in the tissues by which it is surroimdod, moving in the peri- 
nephric tissues. This condition is known as movable kidney ^ and is more common in the 
female than in the male. It occurs in badly nourished people, or in those who have 
become emaciated from any cause. ],t must not be confounded with the floaiing kidney ^ 
wliich is a congenital condition due t<3 the development of a meson ephron. 

Injuries of the kidney are generally duo to some sev^e cnishitig force, as from being 
run over by a heavy waggon or cart, or from the abdonicn bedng compressed between the 
buffers of two railway carriages. When a laceration occurs on the posterior surface of the 
organ, infiltration of blood and \irine tiikes place into the retroperitoneal connective 
tissue ; this is often followed by suppuration, and death may ensue from septic poisoning. 
Wlicn the laceration is in front, the peritoneum may be torn and' extravasation of blood 
and urine may take place into the penioneal ca\ity. Death may occur from haunorrhage 
or peritonitis. Occasionally, when rupture involvc.s the. pclvi.s of the kidney or the com- 
jucncement of the ureter, "^this duct may become blocked, and hydnmcpJirosis follow. 
Sometimes tho kidney may be bruised by blows in the loin, or by being coinprossod 
between tho lower ribs and the ilium when tho body is violently bent forwards. This is 
followed by a little transient luematuria, which, however, sp« • dily passes off. 

Tho loose cellular tissue around the kidney may hr', the scat of suppuration , consti- 
tuting perinephric abscess. This may be due to injury, or to di.scas(i of the kidney itself, 
or to extension of inflammation from neighbouring part^. The ahsc(‘ss tends to point 
externally in tho groin or loin. 

Tumours of tho kidney may be recognised by their position ; by the resonant colon 
lying in front of them ; and by their rounded outline not presenting a notched anterior 
xnargin like tho spleen, with which they arc most likely to be confounded. Tho hyper^ 
nephroma^ a tumour arising from suprarenal ‘ rests '(;r inclusions in the cortex or medulla 
of tho kidney, is not infrequent. When occurring in children it is often associated witli 
precocious growth of the body generally and of the hair and sexual organs in particular.* 
Arising, as it often does, in the kidney, a hj’pcmephroma is inrlislinguiahublo from a true 
renal tumour so fur as tho physical signs and symptoins go; it is r(‘ally, liowever, a 
tumour of the suprarenal gland substance. 

The examination of the kidney should be bimanual; that is to say, one baud should be 
placed in the flank and firm pressure made forwards, while the otli^n* hand is buried in tho 
abdominal wall, over the situation of the organ. Alanipulation of the kidney frequently 
produces a peculiar sickening sensation, sometimes witli faintucss. 

Tho kidney may require exposure for exploration or the evacuati<^n of pus (nephro- 
tomy) ; it^may be incised ior the removal of stone (nephrolithotomy) ; it may be sutured 
when movable or floating (nephropexy); or it may be removed (nophrectoniif), ft may 
be exposed either by a lumbar or an abdominal incision ; except in cases oi very large 
tumours, a luiy^b^ te eb aion is best, as it has the advantages of not opening the peritoneum, 
aud of afi^ordmg admirable drainage. An oblique incision should be made, starting at tbej. 
lateral border of Sacrospinalis, 1 cm. below the last rib and directed downwards and^ 
forwards towards a point 2*5 cm. in front of the anterior superior spine of the ilium. The- 
structures divided are the skin, the superficial fascia with the cutaneous nerves, tho deep^ ' 
fascia, tiio posterior border of the Obliquue extemus abdominis, and the outer border of^ ’ 
the Latissimus dorsi: the Obliquus intemus and the posterior aponeurosis of the Trans-i 
versus abdominis ; the lateral border of tbe Quadratus lumborum ; tho deep layer of the: 
luinbbdorsal fascia and the transversalis fascia. The fatty tissue around the kidney is; 
now exposed to view, and must be separated by the fingers, or a direch^r, in order to reach;, 
the kidney. The operations of nephrolithotomv, for tho removal of calculi from the 
kidney, and nephrotomy, or incision of the kidney for abscess, &c., are generally 
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performed by t}»o liun.k- . This roaie ja also generally dhpson for 

especially if the or^m ' u) eon tain pus. The abdominal operation per- 
formed by tin incisiof i iferai part of tho BecMis afadommia on the side of tiie 

kidney to be remove- * is then reached from the latei^al aide of ti>e Colon, 

ascending or doscend.njy • H>e may be, and thus tho the colon are hot 

intr.rforea with. I’ht* ■ • m . rmionL'ing just below the costal arch is made of varying 
length, iicrcyrdin^ t(» th(’ ■ -*c‘ oj the kidney. The abdominal cavity having been opened, 
tho intestines are unjiliaUv^rds and tho peritoneum covering the kidney to the 

lateral side of tho colon is inc isod, so that tho fingers con bo introduced behind the peri- 
toneum. The kidney must now be enucleated, and the vessels firmly ligatured and 
divided, tb© ureter bifdng tied separately. The particular advantage of the abdominal 
operation is that the condition of the other kidney can be ascertained by tnanual exami- 
nation, before the rcnrcival of the diseased kidney is finally decided upon; and, further, 
involvement of neighbouring structuroa by a new growth, rendering removal impossible, 
can only be discovered by the abdominal route. 

Nephropexy is tho name given to the operation jJor fixing a movable kidney. Tbt^ 
kidney is roacliod by the lumbar incision, and is freely separated from its perinephric 
capsule. Sutures aivi thm passc’d through tho true capsule of the organ and are brought 
out above tho upper r-nrl of tho w ound. \Vhcn these sutures are tied, the kidney is tightly 
anchored in position ; at the same time a flap of tho true capsule can be separated from 
the parenchyma of tho kidney and passed around the last rib and sutured down again, so 
as to form a sling for tho kidney from the rib. 


Ubeters 

T'he ureters are the two tubes which convey the urine from tho kidneys 
to the urinary bladder. Each measures from 25 cm. to 30 cm. in length, aiW 
is a thick-walled, narrow', cylindrical tube which is directly continuous; near 
the low(u‘ end of tho kidney, with tho tapering extremity of the renal pelvis. 
It runs downwards and medialwards in front of the Psoas major and, entering 
the pelvic cavity, finally opens into the fundjus of the urinary bladder. 

The abdominal pwii lies behind the peritoneum on the medial part of the 
Psoas major, and is orosse<l obliquely by the te-sticular vessels. It enters 
the pelvic cavity by crossing either the termination of the common, or the 
commencement of the extenrtl, iliac vessels. 

At its origin the riijhi ureter is usualty covered by tho descending part of 
th<^ duodenum ; in its course downwwds it lies to tho right of the inferior 
vena cava, and is crossed by the right colic and ileocolic vessels, while near the 
superior aperture of the pelvis it passes behind tho lower part of the mc§entery: 
and thctcimmal part of the ileum. The Uft ureter is crossed bv the left colic 
vessels, and near the superior a^rture of tl.c pelvis passes behind th€f_ sigmoid 
5^1<lh..and its mesenterv. 

The pf^h\c 'part ruins afc first down w%*ds on the lateral wall of the pelvic 
^ cavity, along the anterior border of the greater sciatic notch and under cover 
* of the ])eritoiieuin. It lies in front of the hypogastric artery, and medially 
to the obturator nerve and the umbilical, obturator, ^erior vesical, and’ 
middle hromorrhoidal arteries. Opposite the lower part the greater sciatic 
foramen it inclines medialwards, and reaches tho lateral angle of the urinary 
bladder, where it is situated in frotjft of the upper en4 Xti the seminal vesicle 
(and at a distance of about 5 cm. ftjbnf the opposite urbter) here the ductus 
deferens crosses to its medial side, and the vesie^ velnia surround it. TmaJly, 

' the ureters run obliquely fcMptbqui^ and 

open by slit-like apertures Into the cavity bf that<viscus at the lateral angles 
of the trigone. When the hlnd^^ jg the openings uretera may 

be about 5 cm^ <Spart, but when it is empty and opfitraoted the distaiice.^tw€^ 
them is diminished by one-half. Owing to their pbliqua hburse through the 
coats of the bladder, the upper and lower walla of the teitnifial 
the ureters become closely applied to each other wltrni the Madder is dist^^ie^/ 
andyactipgas valves, prevent regurgitation of urine. \ ; ... 4 

In the Jmdh, the ureter forms, as it lies in relaticm t8 ihb wSH of. the 
the pbstmor boundary of a shallow depression namW 
r whim the ovary is situated. It then runs medialWS^ ahd 
the latocid aspect of the cervix uteri and 
the fun<|us,of the, bladdisr. In this j^rt iUi 
^about 2^*8 cm. by iJiruterme .ar%y,;W]^h' 



URBTBBS tm 

Itond tbe two layers of the brood ligament. The iiretj^ fe 

I oista^ o*h- fro*3a the side of the cervix of the uterus. , 

/ The ureti^ io duplicated on one or both sides, and the t^o tubes 

; may remain disth|i6| .09 fai^ as the fundus of the bladder; they rordy open 
; separately ipto the bladder cavity. 

Structure (fig. 1060). — ^The ureter is composed of three coats : fibrnus, muscular, and 
mucous. 

/ iferpug co at is continuous at one end with the fibrous tunic of tho kidney on the 
floor, of the renal sinus j while at the other it is lost in the fibrous structure of tho bladder. 

In the renal pelvis the mi^cul^x cjo^i consists of two layers, longitudinal and circular : 
the longitudinal fibres become'loii upon the sides of tho papillss at the extremities of the 
calyces; the circular fibres surround the medullary substance in the same sHuation. In 
the ureter proper the muscular fibres are very distinct, and are arranged in throe layers r 
an external Ipngitudina], a middle. circular, and an internal, leas distinct than the other 
two, but having a general longitudinal direction. 


1069, — A transverse section through the ureter of a sheep. Stained with 
hiematoxylin and eosin. x25. 



Circular mmoular fibres 


Longitudinal muscular 
fibres 

Connective tissue 


7'runsitional epilht Hum 


The is smooth, and presents a few longitudinal folds which become 

elfaced by disicnsion. It is ooutinnous with the mucous membrano of the bhidder below, 
while it is prolonged over the papiU® of the kidney above. It consists of fibrous tissue 
containing many c!asii|P'fibi’C9, and covered by transitipnaj epifchcHum, I’he cuntinuation 
of the epithelium over the renal papill® is columnar in type. 

The arteries supplying the ureter are branches from the rpnal, testicular or ovarlsu, 

arteries. 

The nerves are derived &om the and pelvh^ 

through jihef^ plexuses flBtes are derived fn^ the lower Sriee thoracic and first lumoar 
segments b! medulla spinalis. Small ganglia and isqlated gairgliou-cells arc found in 
the fibrous and muse ulsr coats. 


Applied -r-BuPture of tbe ureter is not a common accident, but occasionally 

occurs. If it be to# acrosk, the urine collects in the retroperitoncai tissues; 

if p^pleteiydimod^ thelw of the tube may become strictured, and hydro- 

^pyonepbi^is' teault. The ureter may be accidentally wounded in some 
such as removal of the uterus; if this should happon the divided ends 
Infill ba 9utu#d failing to accomplish this an attempt may be made to 

Ismilejdf into bla^def: ojp rectum. If tliis cannot be carried out the oniy 

..... f . 

ki hnedn#i^|dy .b^^ imj^Mited ih the ureter. These may ocicur at 
Slf^cOmmoifiy eith^ where the tuba is crossing the pelvic brim 

wbete^it iipsMingSwiuely through the muscular wall of the blad^b^ 

djpposite,.and 2'5'cm. medi|8dly..ta*:the‘/ - 
^dotm to the peritbneum/.’mblos' , 
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the opetator to reach tMi^iireter by pushing the unopraied peritqidettin 
can be felt in tbe^imbn. tihe wall of whieh is iDCi8ed,:ai>d.the ajtoe exttaete^ pM 
drainage being providi^Mor the escaping urine. When the- sttme is, ijWpai^ed at- the 
vesical end of the tube ajpreliminary incision into the bl&dder is teqfuired, and by scratch- 
ing through thp laucouaineniibrsne overlying it tlie calculus can be removed. , 

UEiNABy Bladder (Vesica Urinabia) 

The urif’^ bladder (fi^. 1070) is. a sac which acts as a rraertroir for 
the oritte ; its 'stse and position vary with the amount of fluid it ccmtains, 
and also with the state of distension of the neighbouring viscera. 

Fio. 1070.- -A median sagittal section through the male pelvis. 



Kxtemal urethral 
orifice 


When .the ^pty bladder is firmly contracted it the form of a flatten^ 
tetrahechpn. It has a fundus, a vertex, a supMc^ and an. inferior surface. 
!Qie /uMdus ^fig, 107 1XjB » t r iangular jiir ..^pe„c^ '& directed downwards and 
m^waxds iowards ijm;A^m4.from whish-it. is by the 
fascia^ the vesiculie semipaim, and the terminal p pr tm jM the dpoltUSjii^e^^B. 
!nie uerteir is directed forwards.towaida the trpl CT )il^ sypipto^ 
and from it the midifle umhilMjsl toi^ ns) & cpjatihura'. upwards 

on the back of the abd 6 hflnai”‘ii^ to the uim^ni^ ; l^e^-pi^toiitlBuin f <dded 
over this ligament forms the mid^ umbilt^. fl^. . l!be «wp 0 f^. 
is ifujingjilar, co'i^red by peritoneum, si|m(^'eoh»i 

I «Uul some obfls dT the smafl fntestitte. It is boimc(ed mi either sifle 
border, which Separates it hpm the iiUMior'sinfUoe^.an^ behmd .by a poUfeecipii: 
boid(^, xepresented ^ a Ibm twpjiiretn^.wl^ 

it and the fnlnaus. 1116 lateiru boiderh ran^iiNMn Uatetm* to toe 
from.'toese bcoderh the peritoneum .exteiMllFto wia^ top 
either sid« <d<.toe bladdeir.ki ^ p^toOeUl ^eextoeSc^.hmnefl ,toe. ' 
fsm ’(% lOQl). llie 

■ , ‘ ■ . ‘ 1 O . ' '' t* 

, .'f-. , . A' 
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Fto. lOTl.— The fun^ of (ho tirioary Bladder, &e. 



lain direct continuity lyith the baac).p|.t>he prQafiftte ; fr oi^ itthe urethra emeigoa. 
The inferolateral ]^rtions oiE the inferior surface are sepuat^ ih front from 
the symphysis pubjs by a mass chatty tissue named the behind* 


Fig. 1072. — A sagitial section through the pelvis of a new-born male child. 






V:r- 

'%h.e level ii 


ilk: ^ 




mifi level, taeojpiw™5eo;nypogpe^t««gw^j?«S^^ 

portiona ofV^'au((«, ^^citeiitee which, • ,-. . .v- 

oftne pane. , •■; ■ t •./••>. 

Ab ^ Madaet“'6t[i», ita fanatie, belng,^ or ; 


depressed ; its sapmor sorfaodl^ 
canTix^ witb’ft its peritoneal eovpw^, 
the pb^fitior a^'tataul b<»der$. '"^-- 


, 1^860 

'•ftt the’ ewnie'tw^- 

hfadder is* ^aiie^ed teaslaii ieh-^ 

le long diameter hehig .^^EeOteil.^t^prp^,j^ tssev^ifi^ clEd , 
jiwB'v^B^Kxxwjtnx ipjpresents a post^osiip<9?ior> 'hii. ftjit e r oHmibrijfej^'ead -two. Isfteral 
sqifficeB, a fondiis, «id a snninrit,: . Tjbe! postcicbspperior dheoted 

i^aids and backwards, abd lf ebveted bjr; perit(MiU 9 >; h»hh)d; it jus e^^iaiit^. ; 
from tile recttun by the reotQy^al'‘^xcavatioa>/vtmto; ito aatendr-pis^’ii^v 
id contact with the coils cd the small intestide*' 'Ilie anterd-idfesior'sdrfde^r' 
is devoid of peritoneum, cmd reStSt belOFi Mpshut the pubic bones, above ddileb 
It is in contact with ^ bach ^.j^:<m«rior abdeu^^ wsA. The jjoytf . 

"i^G. 1078,— A sagittal seotic^i^^^gh^ the pdriS'.cf a new-bom female child;- 
Some coils of the small Intmtine separated the uterus' tromtbe Madder. 



parts oi^ the lateral aurfaoee are dmtii 
‘with the lateral ’uatls of the pel'risr 'T 
lateral surface is raised to the level of the o 
JChe fundus undergoes little alteration m peeitioa; iNiig (imlykli^tly lowered. 
It e:diibit8, however, a narrow — xt. 


igeumj. and are m contact 
^neu teflecfoon from tiie 
.i^ hypogastric artery.' 


bits, however, a narrow ti^umuli^ areaf yidc^ Idwep^tod from the 
rectum merely by the reotovealcal matw. 'Tlw-m(Sid;.is,^0tm^' betow'by' 
t^e prostate, above Ig; wctbvesieal fedd of «-x„un_ t.^ xi. v 

ductus defeienttii. This dnctim ddleredtes “ ' '' 



each other above tiie' 

; (d the triangnlsr 
„ bpodf^the rectum .to the 
, latteTris distended jx it; 


the’ midcUe umlnlioal li 
.tbe Ij^haemt, foanhs A poui 
'^tedm-abdoniinal^wair. ' 

. Idxtiie‘n0nr«born><diihl 


and under , miiob 
^ted,.,-The' ■ 

to 
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form 

(p, 1089) oopstittt te 

Interior, of t^HSi^ier (fifr 1075).^^© xancbus mepibz^e 
bladder over^tiie gt^ter part of the vi^us^ loosely attodbra to the nkosculfiir 
coat, and appears 'wniiklea or folded tmem the biaidder ia ccmtri^t^ ; the 
folds are eroced when the bladder is dktepded* Over a small trimgolar 
area, termbd the 0gmum vesiog^, immediately above and behiirt the intetnal 
orifiee of the urothra, the muoood membrane is firmly bound to the ninsoular 
coat^ and is'^^^ways smooth. The ant^mr. angle of the trigonum yesiom is 
formed by the inl&nal orifice of the urethra its posterolateral angles by the . 
orifices of the ureters. Stretching between the latter openings is a sightly 
curved ridge, the toij^ ureierjsm forming the base of the trigone and pjodt^eed 


Fig, 1075. — ^The inferior of the bladder. 

Vertex 



l?y an underlj^im bu^i^e of - The lateraKparta of 

this ridge eidjemT beyond the opmiinp of the uretoM, a:nd are immed the 
iff^eiicce.; they^tve produced by, the teminal Regions of- the ureters as they 
Averse obliquely the bladdef-:itoU. When the j^ndder is illuminated tl^ t<;«us' 
uheterious Appears as a pale hand and fqrt^ an important guide 
operation of introducing a catheter into the urethr. 

l^e tHifMB of the ureters' are vriUwed -at the postei^aterat imglOs of the 
ti^onum vesiom, and are usnally slit-Uke id fom. . Ill jtiie contracted bladder 
they are about 2*5 cm. apart and about the same distaiiqe i^m the intern^^ 
urethtfd orifice ; in the dmtended Vimus these mOlMrei^ts may be iheref^^ 
toaboutScni. - ' 

< i The intmuii vri^af oi^^ce is j^aced at the.iffii« dt.'..the trigonum 
.id the most depcmi^t pai^ <d the l^|»^der« aiuf ' 
id form; the mopons m«mbimm;ili^l^diaMyl 


SdWnre, (fig» lQ7d)!:-<-3%ehi»dder is ccin^e^rot *r 'swrou^, . 

"muoorn, and nimDous.- ; .vW'triVv 

wm«»r«oofi* a pwtW oae^aatl.is d^viftd from . 




^ v&mmt tis9 

®“P*riOT s«v&ee $nd &e upp^r partp at tho latwal sut&aest and ia iKsSMsted fKmi’tlWSo «» 
to the ab<v>mmal aiid pelvio walls. 

I The mtwgttlof coat : att' e»ji«smftl 

‘ - TEe/E6rs»o/ tfts eztemal longiUj^inal layer anse XrotnEe siu^ce of the body 

of the OB pubis in both seies (wusoiilt y> ybav<^8^ ‘<;fttf6fff . and in the male from the adjacent 


part of the prostate and its eapsulo. T£ey passn^ a more or leas longitudinal manner, 
up the inferior surface of the bmdder , over its vertex^ and then descend along its fundus to 
become attached to the prostate in the male, and to the front of the vagina in the female. 
At the sides of the bladder the hbres are arranged obliquely and intersect one another. 
This layer has been named the /)etniw uri mg muscle. 

The fibres of the middle circular Z^er are very thinlv and irregularly scattered on the 
body of the organ, and, although to some extent placed transverselv to the long axis of 
the bladder, are for the most part arranged obliquely. Towards the lower part of the 
bladderi rotmd the internal urethral orifice, 

tiauous with the . muscular fibres of the bladder. 

prnatoto. 

The internal longitudinal layer is thin, 
and its fasciculi have a reticular arrange- 
ment, but with a tendency to assume for 
the most part a longitudinal direction. 

Two bands of oblique fibres, ori^nating 
behind the orifices of the ureters, converge 
to the back part of tlSc prostate, and are 
inserted by means of a fibrous process into 
the middle lobe of that organ. * They are 
the muscUi^^of thejicatera, described by Sir 
C. Bell, vmosuppose<l that during the con- 
traction of the bladder they serve to retain 


•A vertical section of the wall 
of the bladder. 


Transitional 

epithelium 


the oblique direction of the ureters, and so 
prevent the refiux of the urine into them. 



Submucous rout 


Jr^ncr lapfr of 
longitudinal 
muscle fibers 




Circular muscle 
fibres 


Outer layer of 
longitudinal 
muscle fibres 


prevent the refiux of the urine into them. 

The submucous coat consists of a layer 
of areolar tissue, connecting together the 
muscular and mucous coats, and intimately 
united with the latter. 

The mucous coat is thin, smooth, and of 
a pale rose colour. It is continuous above 
with that of the ureters, and below with 
that of the urethra ; the epi.tjjdium cover- 
ing it is df the transitional variety. The 
loose texture of th^snbmuoous layer allows 
the mucous coat to be thrown into folds or 
mga when the bladder is empty. Over the 

trigonum vosices the mucous membrane is closelv attached to tlic muscular coat, and is 
not thrown into folds, but is smooth and flat. There arc qp. tvuo^ glands in the mucous 
membrane of the bladder, though certain mucous follicles which exist, especially near the 
of the bladder, have been regarded as sU(%*. 

Vessels and Nerves. — The principal arteries of supply to the bladder arO the superior, 
mid^e,jaBfliPj(^jipr vesical, derived from toe anterior trunk of the hypogastric artery. 
The ^btucatoi^ aiH ..ijpferip^r ^utaeal artories also send small branches to it, and in the 
female additional branches aro derived from the uterine and vaginal arteries. 

®ie veins form a ^complicated plexus on the inferior surface and fundus near the 
prostate, and end in the hypogastric^ veins. 

The lymphatics are described on p. 789. 

- The nerves of the bladder are (1) fine meduilated fibres from the second, . thirds and 
nerves, and (2) non-inediillatod fibres ?rbm the hypogastrid plexus. They are 
connect^' with ganglia in the outer and submucous coats, and arc finally distributed, all 
as nott-medullated fibres, to the muscular layer and epithelial lining of toe viscus. 


4ppl^sid Anatomy, — detect of development, in which toe bladder is implicated, is' 
knownitodw the name oi exirovetsion of the bladder. In this condition the lower part 
of toe abdpimnAl wall as high as the umbilicus, and the anterior wall of the bladder aipc 
' wanitogf s6 l^ tod posteripr.wlllof to'el^der presents; on the abdominal surface, and 
is viscera within the abdomen, forming a red 

on which* of the ureters ore visible. The penis, except toe 
glitos^ jjs rudiments^ and ie olm^bii its dc^nsal surface, exposing the floor of the uretorift . 
. a conmtiofi known os epispgdiaif. life pelvic bones are, also arrested in developawmt 

bladder is may be ruptured by; violence applied to liie 

' abdop^l watt, witowut pny injiii^ to toe bony pdvis, <» it.toay be torn to cases of 




oiiilous kidney, but also of tlib side in wMoh the disease is located. . Th^ cymuBcop^' can . 
be used to eatheteriid' tbe uvater^ fbr the purpose of obtaining a tpeoiman of urine from 
either kidney, or to ajseertaihlihe condiiion of both kidneys where.it is pj^posed to remove 

1 A- I. ^ Ai-IlSA.' 


one. Ureteripboui 
Punoturo ^ tbi 
through the return 


undinj^ 


ubie or 
plan is 


generally to be preferred , sihel in puncture by the rectum a {iermanent fistula may be left 
from an abscess forming between rectum and the Madder; or pelvic cellulitis may be' 
sstr^up; moreover, ft 1% exceedingly inoonveniont to keep a ccaiula in the rectum.^ In 
some oases in perfom ing this operation the rectovesical excavation of the peritoneum has 

& wounded, mducing fatal ^ritonitis. Puncture through the r^otum, therefore, 
>een almost completely abandoned in favour of the spprsPnbio route. 

Access to tWblaader, for the purpose of removing omeim or on enlarged prostate, is, 
almo^always nffwted the suprapubi^oute, thOjOld perineal operation ^ing^rarely 

calbuli and foreign bo^es and ^ ew growtns, when of small size, may be r^oved by the 
urethral route. . \ 

Suprapubic cystotcpy is performed by first injecting tpn o| twelve oundbs of some, 
weak antiseptic fluid into the bladder. Then, with or withouif dist^di^ the rectum, 
ft vertical median incision, from 7 to 10 cm. in leiigth, is made in *^6 hypogastric region 
immediately above the symphysis, and extended bejbween the Pyraihi<isles and Beoti until 
the teaasve|«alis fascia is reached.' This fs. divided and some fatty tissue exposed fspan^' 



and ^1 t^Tiecditiised by its muscular fibres. A needle, s^iild bapast^pd ^irough iter chat 
side of ^ spot selected for the opening > and long j^^s of Silk.ihBai^« 
er is incised between these stays, whlon are h^d by an 'a* " ‘ 
useful (^ide to the opening in the bladder .when the fiuM has e^jj^* 

lb impoi^ut that the bladder should be emptied ^ routine meaaa^ 


41 ;^ -le impormns xnas vne piaoaer snonm ue emptiea an 

boL women, prior to operations on the lower pert of tM abdoUii 
t^ec^lon has, not unccrxmnQnly, Ijed to that visous' being ^ 
are apt to acquire an aioplc distension of the imai 
itity of urine has been .passed Immediat^y b^ore^i^:^ 
viseus is not distondad. If the accident shDidd - dedor 


vieeus Is not distondad. If ^e accident 
Wiiyyentu^ before jwritoMum is Qj^ , IV - 


r':ftkot^r«c»ine 


Thr Mam U: 







the floor 


pro^te i the' d;aot 8 ^ of the 
inictdlle lobe open ]^3dmally 
to the crest; At the fore part 
of the urethral crest is an 
elevationi the collkulus ami- 
ThdUa^ on whielTafe the orifice 
of"*tEe prostatic utricle and 
the openings of th 6 ejaculatory 
ducts, Ihe prosMic tiMck 
or forms 

a cul-de-sac about (L .uim. 
long, which runs upwards and 
backwards in the substance 
of the prostate behind the 
middle, lobe. Its wgps are 
composed of filwroiis tissue, 
mj89Ular. fl^rtsT^aiid mucous 
membrane, and^ "numewu^ 
small "^fflahds open , on ' its 


inner surfaceT^TSTIideyelpp^ 
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pelvis and ,jlibe..Sii:cj}4^!pnbic lig^^^t ; on either side. near it& teEjodnatioii ^ 
we the bulto'Uieihral^iands. The jnxiietion of the m^branons and caveniat^ 
portions of the uret^ is the lowest part of the tube. 

The cavernous portion is contained in Ihe oorous oavemosuiu inethra. 
It is about 15 long, and extends from the end o£ the membranous. porfion 
to the external urethml orifice. Commencing below the inferior fascih qt 
the urogenital diaphragm, it pa^es forwards and upwards to the front d 
the symphysis puw ; and then, in the flaccid condition of the penis, it bends 
downwaw forwards. It is narrow, with a un if carm d iameter of about 
5 mm. in the body of the penis ; it is dHat^ behmdTwrtEm the bulb, and 
agam ahteriorly within the glans penis, where it forms the 
V/rsffiros. 

The external urethral orifice is the most contracted part of the urethra ; it 
is a vertical slit, about 6 mm. long, boimded on either side by two small labia. 

The lining membrane of the urethra, especially on the floor of the cavernous 
portion, presents the orifices of numerous mucous glands and follicles situated 
in the submucous tissue, and naStned the (littr^). Besides 

these there are a number of small pit-like recesses, or la^unce, of varying sizes. 
Their orifices are directed forwards, and may intercept the point of a catheter 
in its passage along the canal. One lacuna, larger than the rest, is situated 
on the upper surface of the fossa navicularis ; it is called the 
The bulbo-urethral glands open into the cayernoM.ppj3tipn abptit 2*5 ,cm» in 
front of the urogenital dia^[iragm. 

Structure. — The urethra is composed of mucous membrane, supported by a submucous 
tissue which connects it with theivarious structures through which it passes. 

The mucous coat forms part of the genito-urinary uiacous membrane. It is con- 
tinuous with the mucous membrane of the bladder, and externally with the skin covering 
the glans penis; it is prolonged into the ducts of the glands which open into the urethra, 
viz. the bulbo-urethral glands and the glands of the prostate; and into the ductus 
deferentes and vesiciua) sominales, through the ejaculatory ducts. In the cavernous and 
membranous portions the mucous membrane is arranged in longitudinal folds when the 
tube is empty. Small papillae are found upon it, near the external urethral orifice ; its 
opitheli^llmmg is pf the cpluumar variety except. near the oxtemal orifice, where it is 
squamous d^praj^ifieJ. 

ThS"gw5mttcVtt^<i8au6 consists. of a ya-^^ular. erectile layer; outside this is a layer of 
unstriped muscular j&brcs, arranged in a circular direction, which separates the mucous 
membrane and submucous tissue from the tissue of the corpus cavernosum urethrae. 

The lymphatic vessels of the urethra are describc'd on p. 734. 

Applied Anatomy, -^Tho urethi'a may be ruptured by the patient falling astride of 
any hard substance and striking hiapa^insBum, so that the uretma is crushed against the 
pubic arch. Bleeding will at once take pl|ce from the urethra, and this, together with 
the bruising in the perinaaum and the history of the accident, wiU point to the nature of 
the injury. Aupture of the urethra is due in other cases to the perforation of a peri- 
urethral abscess. Extravasation of urine most frequently takes place into the perineum 
in front of the inferior fascia of the urogenital diaphragm, i.e. under the fascia of Golles. 
Both these layers of fascia are attached firmly to the ischiopubic ranii. It is clear, there- 
fore, that when extravasation of fluid takes place between wem, it cannot pass baol^ards, 
because the two layers are continuous with each other arotuid the Trans versi perinsBl 
superfioialos ; it cannot extend laterally, on account of the connexion of these to 
the rami of the os pubis and ischium ; it cannot find its way into the pelvis, because the 
opening into' this cavity is closed by the urogenital diaphragm, and, therefore, so long as 
these two layers remain intact, the only direction in which the fluid can make its way is 
forwards into the areolar tissue of the scrotum and penis, and thence on to the .anterior ^ 
wall of the abdomen. - ^ 

Oonorrhosa is an acute and very prevalent inflammatory infection, of the znucous 
membiirne of the urethra. The causative organisms (gonococci) pass through thq mheous. 
membrane intp the submucous tissue, and most serious oomplical^ohs and results may 
follow,'. In most cases the disease mmains limited to the. part the^urethra in front 
of . the urogenitfld ^aphragm, but in some (about XO * p^teiiot urpt^ * 

becomes involved in the process, leading to an 

tatio mUicles. . Such a condition is apt to ck)nrinue# ,||,N 9^ clb^ ^ 

and in mahv ca^es the infection will spread along tMjMSM .^erentes, cividtir rise to 
epididymitis. ' 

The, anatomy of the urethra is of • 

passage of ixistrumoxits into the bladder, was Odt tfagit ' 

is capable of greS^ dilataliofi, so that, excepting , 

instrument corresponding' to 18 Engh^^ gauge 



a63 

iliunage. The eiEtemal orifice of the urethra is ijot so dilatable^ and ther^ore j»ay 
f^uue slitting; A, rw^tion of this dilataHH^ caused Bigelow to modify very con- 
siderably the oj^ation fw crushing a stone in the bladder. In passing. cim.ebs»rSt 
specially fine ones, the point of the instrument ^ould be kept as far as possime a,lbi^ the 
lipper toU of the canal, as otherwise it is very liable to enter one of the lacunie. 

T .Striotme of the' urethra is<a disease of ve^ common occurrence, and is genetally 
intuated in the cavemoue part of the urethra, just in front of the membranous portion 
'but in a very considerable number of cases in the anteserotal part of the canal. The 
stricture usually results from the contraction of infiammatory pr<^uota in the submucous 
tissue, the result, in the Vast majority of all cases, of a prolonged gleet following gonor- 
rhoea. Urethral stricture^, however, follows rupture of that tube resulting from fdls on 
the perinsBum, and in this variety is very dense, and is a most unsatisfactory condition 
with regard to treatment. Congenital stricture is also occasionally met with, and in such 
cases multiple strictures may bo present throughout the whole length of tUo cavernous 
, portion. ’ . 

Congenital defects of the uroibra occur occasionally. The one most frequently met 
with is where there is a cleft on the floor of the urethra owing to an arrest of union in 
the middle line. This is known as hypospadiaB, and the cleft may vary in extent. The 
simplest and by far the most common form is w'here the deficiency is confined ter the glaiiS 
penk. . The urethra ends at the point where the extaremity of the prepuce joins the body 
of the penis, in a small valve-like opening. The prepuce is also cleft on its under surface 
. and forms a sort of hood over the glans. There is a depression on the glaus in the position 
: 6f the normal meatus. This condition produces no disability and requires no treatment. 
In more severe cases' the cavernous portion of the urethra is cleft' throughout its entire 
length, and the opening of the urethra is at the point of jimction of the perns and scrotum. 
The under surface of the penis in the middle line presents a furrow lined by a moist 
mucous membrane, on either side of which is often more or less dense fibrous tissue 
strotehing from the glans to the opening of the urethra, which prevents complete erection 
taking place. Great discomfort is induced during micturition, and sexual oonnexiou is 
impossiW. The condition may bo remedied by a series of plastic operations. The worst 
form of this condition is where the urethra is deficient as far back as the perinaeutn, and 
the scrotum is cleft. The penis is small and bound down between the two halves of thu 
scrotum, so as to resemble a hypertrophied clitoris. TJ>e testes arc often retained in the 
abdomen. The condition of parts, therefore, very much resembles the ('xternal organa 
of generation of the female, and many children the victims of this rnalfornjation have 
‘ been brought up as girls. The halves of the scrotum, deficient of testes, resemble the 
labia, the cleft between them looks like the orifice of the vagina, and the diminutive penis 
is taken for an enlarged clitoris. There is no remedy for this condition. 

Amuoh more uncommon form of malformation is where there is an apparent deficiency 
of the upper wall of the urethra; this is named epispadias. The deficiency may vary in 
extents; when it is complete the condition is associated with extroversion of the bladder 
■ (p. 1169). In less extensive cases, where there is no extroversion, there is an infundi- 
buliform opening into the bladder. The penis is usually dwarfed and turned upwards, m 
that the glans lies over the opening. 


• The FBMAiiE Ubethea. (fig. 1074) 


The female urethra is about 4 cm. long and 6 mm. in diameter. It begins 
at the internal urethral orifice of the bladder, and runs, downwards and f orwardB 
behind the symphysis pubis, Embedded in the anterior wall of the va^^a. 
It perforates the urogenital diaphragm and ends at the external urethral 
orii^, an anteroposterior slit which has rather prominent margins, and ia 
situated directly in front of the vaginal opening and about ?;;6 cm. behind 
the priftrifl HJxcept during the passage of fluid the anienbr and 

postmor walls of the urethra are in apposition, and the lining membrane 
is thrown ^into longitudinid folds, one of which, placed on the posterior wall 
of the cabal, is termed the urethj:4 j^^nds open 

intci t|^ uretl^v 


SMM$tisire.~--The urethra consists of Ihree coats t 
poet is continuoua with that of the 




jrfar, jsrectile, and mucous^ ^ 

ler ; it extends the whole length 

. 1 . 1 -^ 


]a»s. In addition to this, between the superior and , 
^phragm, the female urethra is surrounded by Ute 









'#HE MALE GSartTAL. 

' I* '4' 

"' ' ‘ ' ' ' 

The male gehital oi^ans include the wA epididjftitis^yib^ 
deferentee, the v^kAdas sminahs, the ejootdatorjf dUOa, ' 

with the foP^iiiwing accessory structures, yiz. ihe .proatiitf tpa ^e 
^lunde. ' ■'»i '■ • 

The TEStss ' . 

The testes, the reproductive glands in the nude, arersuapeaded ift the; 
scrotum by the spermatic cords, the left testas harigihg SMhew^t lowSilif.^iWv 
its fellow* The average dimensions of the testis ture mm'. A-citi^. to “ 


Fio. 1078.— The right testis, exposed bj laying open the tunica Vaginalis* 



length, 2'5 cm. in bread^, and iu tfie, aaj^ppostmor diameter; its 

weight varira froni l tf-B gm ."ti 9 14 gm. Each imtis is ot m oval form (fig.'lOTS), 
comprised latertdlyTa^'Has an i^que po^tmn in the sorptum ; tiie upper 
extremity is directs forwards and a little iateralwarda ; the lower,, bachuraxds 
and a little medialwards ; the anterior convex bonW' lopha honin|ir^}had 
downwards; the posterior or straight border, to which, file speiteatie h 
attached, backwards and upwards. :y'. 

-^e anterior border 'and latm'al surfaces, aa w^ as' bc^’ ead^mrl|pg^.pf '-; 
the^testis, axe convex, free, smooth, and invested tlie viaoml lay# # Ihe . 
teuaipa vaginalis. The posterior border receives tad j & pariitd iu.t#i>>ntmh'^m;' 
that ;membrane. Lying upon the latend edge cd this, pPdtsfibp' hjl>^^^ia.|h6^^ 

: .v; ;■ 

. EpitEdyrilia.'^Onie epididymis consists eUseid^lyr ^td a 
whichi#ihs the first part of the efferent, duct Ol thbitesi^.' t-This 
dn i^lf and tightly ^ksd into the form o' 
attadb^l tb-thoTB^ietu rim posterior 

'dff'.aheu.tral pQi^tm, or' Body ; auhppep 
Ic^) ; arid' A 




,triy obnnecb^ vrith thh 
■dmg^ ■ 









Fio; lOTd.—A vertical section of the 
testis, to show the arrangenaent of 
the ducts. (Diagrammatic.) 


Tunica vaginalii 


Tuntodf albuginea 


Jiekpta 


boay.ot Om siiid. sfcri^ H tifef 

,of Me li6siM,"<to"SigpS«P5^^ '®PPW ' ejctfe^ty 

liaieath hewl oC the to « nitotut^o^, 8^e toDayi.ato 

ike teeHs (hydatid of Mp^gagi d) : it is tho remoaitt of the upiw gm 
^ aaat. Oft fiS^Swe to a 8^d em^^ftlked 

^sometiiftes daplioated) ; it to naiPed 

tGd hydatid), and is usually regarded as a oetadNea efferent duot. 
■t«iik''reiited by tlW twios: the tftnioa va^lto, tenica 
^alfuugiiieay and tunyica vasoulosa* • • ^ 

! ' ^iSie a * is the lower portion of the eacous vaginalis of the 

peii^oftetim which, in tine foetus, preceded the deftoe&t of the testis from the 
ftlxibmen into tibe serotum. . Aft«r Ae testis ' 
haKrteaohed' %e serotofti the upper part of 
'the~^acttito'v>!(pbialto, Tto. from the abdo- 
iw giiinkl ring to within a short dis- 
tahite of ^ testis, eontraets and undergo 
oMHorati^. ^Dio lower portion Kmains 
as tt shut'Sae, which invests the surface of 
the.'testiS, and to reflected on to the internal 
‘suiface of the scrotum 5 hene© it may,, be 
detcribed as consisting of a visoeral and 
a psraetal lamina. 

visceral lamina wvets the greater 
part ijf. the testis and epididymis. It lines 
the sinus of the epimcfymto and passes 
as two folds, one from the h^ and the 
other from the taiLof the epididymis, to 
the tesito; these folds are termed the 
superior and in^riwJUgav^&^^M^J^ 
epSi3[yD55SI"T¥oin ' tno posterior border 
oflheueSfito it is reflected on to the internal 
surface of the scrotum. 

The parietal lamina is^ more esrtensive 
than the visceral, extending upwards lor 
some distance in front and on the medial 
side of the e(^, and reaching below the 
testis. The iimer surface of the tunica 
vaginalis is smooth, and covered by a 
laver of endothelial cells. The interval . • 

between the visoeral and parietal lamina} cpnstitntes the cavity of the tunica 

^*^S^blitwated portion of the saccus vaginalis may frequently seen as 
a fibrous thread in tine aredar tissue in front of the spermatic 00m ; sometimes 
this may b® traced from the upper end of the inguinal ca^l, where 

it is o<^inected vrith the peritoneum, dovra to the tunica vagin^ ; som^es 
it to kwfe 00, the spwmatSo eerd. In some oases the upper part of the 
vadnalto to not oSJitCTated, and the peritoneal cavity then comniun^t«( 
wifli toie tbbtoa vagiiialte. ,Thto may give rise to one of the vaneties of ol^qaa 
Si»lhfi5nto (p.im). In other oa«M the upper pi^ of the sa^vagM» 
n^y p f »ei 4 . as a minute oaiwl leading from the pmtonejd cavity to ttoC of 

wfy ' 1 X' tl I'' 

fte tttliiek fo?mu a fibrous covering for the testia* . 

- jPOiOT^ue; of a Muish-white colour, composed of Jhterlacir^^nij^ 
i fiWoue It is wvered by the tunica vagiualfe, 

«4 «K«« 
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imperfect septa (s ApUfUa testis] are given off, whic)i radiate towards the surface 
of the testis, and ale iTfiiMhed to the deep aspect of the tunica albuginea. 
They incompletely divide the testis into a number of cone-shaped lobules 
The bases of the lobules are at the surface of the testis, and 
their apices converge to the mediastinum. The mediastinum supports the 
vessels and ducts of the testis in their passage to and from the substance of 
the gland. 

The tunica vasculosa is the vascular layer of the testis, consisting of' 
a plexus ot^blood-vessels held together by delicate areolar tissue. It lines 
the tunica albuginea and clothes the septula testis, and therefore forms an 
investment to all the lobules of the testis. 

. , Structure.— The glandular structure of the testis consists of the Lubuli tc^iis (fig- 1079). 
Tliuir tuunber, in a single testis, is estimated by Berres at 260, and by Krause at 400i 
'they differ in size according to their position, those in the'^ddle of the testis being 
larger and longer. Kach lobulp consists of from one to three, or more, minute convoluted 


ItCi. 1080.- - transverse section through a tubule of the testis of a rat. X250. 



. tubes, the tubuh seimmfen conturli. When tiio tubules have been unravelled by careful 
Uissection under water, they are seen to commence either by free coeeal ends or bv anasto- 
motic loops. They are supported L/ loose connective tissue which contains here and 
thime groups ot ytieritUial cells containing vellow pigment granules. The total number 
of tubu.es 18 estimated by Laudi at 84,0, and the average length of each is TO cm. to 80 cm. 
Vf vanes from 0’12 pim. fo 0‘3 mm. The tubules are pale in colour in early 

i*. f n r /e acquire a deep yellow tinge from containing much fatty matter, 

i-iacli tubule (fig. 1080) oonsista of a basement layer formed of laminated connective tissue 
containing numerous elastic fibres, with flattened colls between the layers, and covered 
externally by a layer of flattened epithelioid cells. Within the basement membrane are 
epithelial colls arranged in thrw irregular layers. 1. An outt-r layer of oubioal ceUs, with 
small nuclei ; some of these enW to become sperMamopia:' The nuclei of some of the 

n® indirect ^vision (p. 2), and in consequence 

of this, daughW eeUs are fonned, which constitute the second zone. 2. Lariter noU:, 
he<^ oelk, with clear nuclei, awanged in two or three layers; these are the 

Ilf® these cells are in a condition of indirect division, 

and the celte which result from this division form those of the next layer. 8. The third 
layer of cells consists of the spermatid?, each of which beconics a spemtatoeSon, The 
sper^tids are small polyhedral cells, the nucleus of each containing half the usual 
number of chromosomes. The changes which occur during the conversion of the sper- 
r T described on pp. 46, 46 and iUustrated in fig, 66, p. 46. 

in ^dition to these three layers of cells others, termed the suppprHttg oelU or cells of 
are seen. They are olcmgated and columnar, and ptojeo»inwMda''lKra 'tliebase. 
mhi ^inbtMe towards the lumeti 6f the tube. As devetepment of the speimatoziia 
proceed, the latter group themselves u^ the inner extremities of the suppm-ting dells. 
Ummatoly the spematozoa are liberated and set free. The struoture of the spermatozoa 
IS aeiitcnbea on p. 44* ' 

ftpicoa of the lobules, the tubules become less convoluted, essuzne a nesrlv 
straight course, and unite together to form from twenty to thlrW lar^jitraight dmrte, o'! 
about mm. in diameter, called tujtmli s^miniieri ^ ' • 
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Jbo tubuli Beminiferi recti ent-er the fibrous tisJsue ol the mediastinum^ aud pass 
upwMds and backwards, fuming, in their ascent, a close net>vork of anastomosing tubes 
wnicn are merely channels in the fibrous stroma, lined by flattened epithelium, and having 
4P4ttopar .walls; this network is named the reie At the upper end of the modi- 

astanum, the vessels of the rete testis termihatiTlnEroni twelve JtcL twidj. the 
festis: they perforate the tunica albuginea, and carry the seminal fluid 
irom the teWs to the epididymis. "‘Th^f course Is at "first straight; they then become 
enlarged and exceedingly convoluted, and form a scries of ponical mosses, the' Zobulsif <yf 

* which together constitule the head of the epididymis. 

■ tach lobule consists of a single convoluted duct, from l§„cm, to 20 cm... in length. 
^ ^Opposite the bases of the lobules the canals open into a single duct, which constitutes, by 
" : its complex convolutions, the body and tail of the epididymis. When the convolutions 
are unravelled, this tube measures upwards of 6 metres in length; it increases in 
.diameter and thickness as it approaches tho tail of the epididymis where it bcconios the 
V ^*1? ^be convolutions are held together bv nne areolar tissue, and bv bands 
^ of fibrous tissue. 


Fio. 1081.- -A section of tho epididymis of a gninea-pig. x2r)i). 


(Hfintrd 

epithelium 
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Tho ductuli efferentes and the tube of the epididymis have walls of considorablo 
thickness, on account of the presence in them of inusciiJi^,j|iJssuc which is principally 
arranged in a circular manner. These tubes are lined l^y cpluipnar ciliated epithelium 
(fig. 1081). ' 

Applied Anatomy . — Tho descent of the testis may be arrested. It may be retained in 
the abdomen; or it may bo arrested at the abdominal inguinal ring, or in the inguinal 
canal; or it may just pass out of the subcutaneous inguinal ring without finding its way 
to the bottom of the scrotum. \Vheu retained in the abdomen it gives rise to no signs or 
symptoms, other than the absence of the testis from the scrotum. When it is retained in 
the inguinal canal it is subjected to pressure and may become inflamed and painful. Tho 
retained testis is probably fimctionally useless; so that a man in whom both tastes are 
retained {anorelmm) is sterile, though ho may not bo impotent. The absence of one 
testis is termed monorchiam. When a testis is retained in the inguinal canal it is often 
complicated wdth a congenital hernia, the saccus vaginalis of the pcritoneuni not being 
obliterated. Tho testis may descend through tho inguinal canal, but may miss tho 
scrotum and assume some abnormal position. The most common form is where it comes 
to rest in the perinteiim. This is known as perineal ectopia testie. When the testia 
occupies an abnormal position it is very common to find concurrently a congenital hernia 
or a patent saccus vaginalis. 

The testis may be inverted within ,the scrotum so that its posterior or attached border 
is directed foirwards and the tunica vaginalis is situated behind. Should a hydrocele 
occur, and tapping be resorted to, the trocar may be thrust into the testis, if care be not 
^ken beforehand to ascertain the position of tho gland. 

A number of instances of torsmn of spennatic cord, resulting in acute strangu** 
laiion of the testis, have been recorded. In some it has been attributed to a strain or 
Mat, and in several patients the condition has been associated with a late descent of the 
organ. Symptoms of this condition closely stmulate those of a strangulated hecnia. ' In 
consequence of the torsion the circulation is partly arrested and the organ swells and 



U68 SPJJlNCHNQWr 

becomes aeutdy pamlEul, aa4 the condition ma 
Gangfeno of the testis, however, rarely follows 

ends in atrophy of the organ. Toraton of tin . ... i/>. 

within the tunica vaginalis in those cases in which a persistent xnesoiichiuxn is 

fluid collections of a serous character are frec|uently found in the scrotum. To these 
the hydrocele is applied. The most common fbrm is the ordinary vaginal hvdrooeUr 
in which the fluid is contained in the sac of the tunica vaginalis. Jn another form, the 
congenital hydrocele, the fluid is in the sac of the tunica vaginalis, but this sao communi- 
cates with the general peritoneal cavity owing to the non-obliteration of the upper'part of 
the seccus pginalis. A third variety, known at an infaniile hydrocele rocoan in those 
cases whore tlie saccus vaginalis is obliterated only, at or near the abdominal inguinal 
ring. It resembles the vaginal hydrocele, except as regards its shape, the collection of 
fluid extending up tlio cord into the iAguinal canal. Fourthly, the saoeCs, vaginalis may 
be obliterated both at the abdominal inguinal ring and ab^e the epididymis, leaving 
a cojifcraJ unobliterated })ortion, which may become distended with fluid, giving rise to a 
condition known as the encysted hydrocele of the cord» 

Encysted hydrocele of the rpidiaymis or spermatocele is the name given to a cyst found 
in connexion with the head of the epididymis. Among its contents are found a varying 
number of spermatozoa, and it is probably a retention cyst of one of the tubules. 

The testis requires removal for malignant or tuberculous disease, in cases of large 
hernia testis, and in some instances of incompletely descended or misplaced testis. 
Castration is in most cases best carried out by the *high * operation, an incision being 
mado through the skin and fascia in the region of the subcutaneous inguinal ring. The 
testis, with its deeper coverings, is pushed up into the wound and separated from the- 
scrotal tissues. The cord is then isolated, and an aneurysm needle, anned with a liga- 
ture, passed through it, as high as is thought necessary, and the cord tied and divided. 
In cases of malignant and tuberculous disease, it is desirable to open the inguinal canal 
aud tie the cord as near the abdominal ring as possible. . When removing the testis in this 
manner the tunica vaginalis is not opened and its folds of reflection to the scrotal tissues 
do not need division. The whole of the tunica vaginalis *9 thus removed with the cord 
and its coverings. 

Acute inflammation of the testis, or orchitis, is common in gonorrhoea; a chronic 
fibrosing form of orchitis is frequent in syphilis, and leads to shrinkage and hardening of 
the testis. In tabes dorsalis the testis often becomes quite insensitive to pressure, which ^ 
in the healthy adult, i*eadily prodiices a severe and peculiar sickening sensation. 


The Ductus Dbpbeens 

V 

The ductus deferens (/as deferens) is the continuation of the canal of 
the epididymis. Commencing'- at tho lower part of the tail of the epididymis, 
it is at first very tortuous, but gradually becoming less twisted it ascends 
along tho posterior border of the testis and medial aide of the epididymis, and 
then inns upwards in the posterior part of the spermatic cord, and traverses 
tho inguinal canal to the abdominal inguinal ring. Here it separates from 
the other structures of thf^cord, cinves round the lateral side of the inferior 
epigastric artery, and ascends for about 2*5 cm. in front of the external iliac 
artery. It is next directed backwards and slightly downwards, and, crossing 
the external iliac vessels obliquely, enters the pelvic cavity, where it Is continued 
backwards between the peritoneal membrane and tho lateral wall of the pelvis, 
and on tho medial side of the obliterated umbilical artery, the obturator nerve 
and vessels, and the vesical vessels. It then crosses in front of the ureter 
(fig. 1082), and, reaching the medial aide of this tube, bends at an acute angle, 
and runs medialwards and slightly forwards between the.fundus. of the bladder 
and the up per end of the seminal vesicle. Reaobing"the medial sid^ljf^tlie 
seminfil'vesiclc, it is directed downwards and medialwards in contact with it, 
and gi^ually approaches the opiraite ductus. .Hero it lies betw e en the 
fy mdua bf the bladdeg and the rftctum, ’yh<»rp, jt is en closed^ together ViflTIte 
seinhial vesicle, in a sheath derived from the "feotOv^SSST^rtion of |;lscia 
endopelvina. Lastly, it passes downwards to the base of the 
is joined at an acute anglo by the duct of the semin^ vesiele to fenrm 
tory duet, which hraverscs Iho prostate^^behind its middle loV 
the prostatic portion of the urethra, close to the orifiOe of the prostatic utricle: 
The ductus deferens presents a hard and oord-like (bnsatiem: to the fing^^ 
and is of cylindrical form. Its walls sob thick, and its caisaL in the greal^ 
part of its extent is of extremely smalt oClibre. At the fundus of hladdbr 
k becomes dilated and tortuous, and this portion is teamed, f he 


y be accompanied with shook and vomiting. 
, and the condition if left without operation, 
d body of the testis also sometimes occurs 
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which joins- the ejaculatory duct, is again greatly diniinishwl 

— A long narrow tube, the ductuliis abcrratttf iujt'rioi (m>s aberrausj 
oi Haller), is frequentl;^ found connected witb tljc Jowor part of tl.n‘ cfirial of the epidi- 
djSiWf or with the commencement of the ductus deferens. Its length, when it is uncoiled, 
vanes from 6 cm. to 36 cm., audit may be dilated towards its blind exlrenuty, or may be 
of uniform diameter throughout. Its structure is similar U) that of the din.tu.s deferens. 
Occasionally it is found unconneetod with the epididymis. A second tube, th<^ dnctnlus 
aberrana sttpcnpr, occurs in the head of the epididvmis, and is (‘oiuiectnl with tho ri'to 
testis. 

J^umdidyniis (organ of Giraldos).-‘-Thi'i term is applied to a small colloi lhui of o>ii- 
voluted tubules, situated in front of the lower part of the spermatic cord abovi' the lawd 
of the epididymis. These tubes arc lined with colupcinar ciliated epithelium, and probably 
represent the remains of a part of the Wolttiau body. 

Structure. — The ductus deferens consists of tlvree coats: (1) an cxtenial or areolar 
coat; (2) a muscular coat, which in the greater part of the tube consists of two layers of 
hnstriped muscular fibres: an outer, longitudinal in direction, and an inner, circular; 
but at the commencement of the ductus there is a third layer, consisting of longitudinal 
fibres, aud placed between tho circular stratum and tho mucous membrane; (3) an 
internal, or mucous coat, which is pale, and orrangod in Jc^ngitudinal folds. Tho mucous 
cont is lined by columnar epithelium which is non-ciliated throughout the greater part of 
the tube; a variable portion of the testicular end of tho tube is lined by two strata of 
^•njinnnar cells, those of tlio superficial la 5 er being ciliated. 

j Tiiifi Vesicul.io Semin A iiES and Ejaculatory J)r< T.s 

The vesiculae seminales (fig. 1082) arc two sacculated pouches, placed 
l)(?t\veon the fundus of the bladfler and tho rectum, serving as reservoirs for 
Hie semen, <and seending a fiaid to he added to thf^ srcr<dion of the testes. 


h'lG. 1082. — The fundus of the bladder wit!) rbe \i".:icid:e ■'cnunaleK. 



Each vesicle is somewhat pyramidal in form, the broad end being directed 
backu’^ards, upwards, and lateralwards. It is usually about 5 cn i. but 
varies in size, not only in different individuals, but also in the same individual 
on the two sides. Each vesicle consists of a single tube, coiled upon itself, 
and .giving off several irregular csscal diverticula (ftg. 1083) ; tho sc^parate 
coUs, as well as the diverticula, are connected together by fibrous tissue* When 
c..\. 4 k 
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uuc,oiJcjD[« Jiio tube is about the diameter of a quill, and varies in Ieng& from 
10 cm. to 15 cm. ; it ends above in a cul-de-sao ; its lowef extremity becomes 
constricted into a narrow straight duct, which joins with Ibe corresponding 
ductus deferens to form the ejaculatory duct. The anterior surface is in contact 
mth the fundus of the bladder, extending from near the termination of the 
ureter to the base of the prostate. The posterior surface rests upon the rectum, 

from which it is separated 


Flo. 1083. — Tl).o*,vesicii]LC hc‘iiiiiialc.s and the ampullic 
<jf the dnctiis'^dforentcs, seen from the front. The 
anterior walls of Iho loft ampulla, left seminal 
vesicle, and prostatic urethra have been cut aw'ay. 


by the rectovesical fascia. 
The vesicles diverge from 
eafch other above, and are 
relation with the ductus 


in 

deferentes and the termina- 
tions of the ureters, and are 
partijj covered by writoawui ; 
each is envi^PpSTp? a dense 
fibromusciilar., shi^tli- Along 
the medial margin of each 
vesicle runs the ampulla of 
the ductus deferens. 

Structure. — The vesicular 
seminalos aro composed of three 
coats : an external or areolar 
coat; a middle or muecular coat, 
thinner than in the ductus de- 
ferens and arranged in two layers, 
an outer longitudinal and an 
inner circular; an internal or 
mncoiia coat, which is x>alc, of a 
whitish-brown colour, and pre- 
sents a delicate reticular struo- 
turo. The opitheliuni is columnar^^ 

and in the divovticula goblct-colls are present, the secretion of v/hich is luTxted to the 
seminal fluid. 

Vessels and Nerves. — The arteries supplying the vcsiculop. seininaU.s are derived from 
the middle and inferior vebical, and the middlA h®inorrhoidal arteries, 'riie veins and 
lijmphatics accornpauy the avtoies. TIk. nCTVes are derived from the pelvic plexuses. 

Applied Anatomy, — The vosicula? seminales arc often the seat of an extension of the 
disease in cases of tuberculosis of the tostLs, and shov.ld alw'ays be oxaniined from tluj 
rectum, before deciding to perform castration in this afEoction, They also become affected’ 
in chronic posterior nretlu’itis of };ouoiThaal origin. 



K jacnUitorjf duct 


Proslaiic vtn'ete 
f,< rcJhral cri »f 

PronlatU itrrfhra 


Tbi' ejaculatory ducts (fig. 108^^) are two in number, one on cither side of 
the middle line, Each is formed by tbe union of the duct of the vesicula 
seminalis with the ductu,s deferens, and is nearly 2 cm. Jong. They commence 
at the base of the prostate, run forw^ards and downwards between the middle 
and lateral lobes, pass along the sides of the prostatic utricle, and end on the 
collictilfis seminalis in slit like orifices on or just within the margins of the 
opening of the prostatic utricle (p. 1161). The ducts diminish in size, and 
also converge, towards their terminations. 

Structure. — Tli*^ coats of the cjjumlatory ducts are oxtremoly thin. They arc : an outer 
fibrous layer, wdiich is almost entirely lost after the on trance of the 'ihicts into the 
prostate; a layer of muscular fibres, consisting of a thin outer , circular, and an inner 
longitudinal layer; 'dnA wucous membrane, ** 


Tub Spermatic Coiui A^'D rra Coverings 

When the testis descends through the abdominal wall into the scrotum, it 
drags its excretory duct, and its vessels and nerves with it. These straotucee 
meet at the abdominal inguinal ring and together form the spermatic cord 
(^nic uh^ ^ spt^ finjiticus) which suspends the testis in the scrotum, and extends 
rromTEe abdomliiai'inguinal ring to the posterior border of the testis. The left 
spermd.tic cord is rather longer than tbe right, and consequently the left testia 
. hangs somewhat lower than its fellow. ^ * 
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The s{)ermatic cord traverses the mgainaJ canal (p. ^65) and in so doing is 
covered by the different layers i^'hich form the abdominal wall. These coverings 
extend downwards into the wall of the scrotum and are named, from withm 
outwards, the infundibuliform, cremasteric and intercrural fasoiaa. 

The inJundib}tUform fascia is a thin layer which loosely invests the cord, and 
is derived from the transversalis fascia (p. 465). 

The creuMsteric fascia consists of a number of muscular fasciculi, united 
to one another by areolar tissue ; the muscular fasciculi constitute the Cremaster 
and are continuous with the Obliquus intemus abdominis (p. 461). 

The intercrural fascia External spermatic f}i«scia) is a thin fibrous mem- 
brane continuous above witH the tenabn of the Obliquus externus abdominis, 
and prolonged downw’ards from the crura of the subcutaneous inguinal 
ring (p. 458). 

Structure of the spermatic cord. — The fepermatic cord conip<^sed of arteries, voijis, 
l,Vinphatics, nerves, and the ductn a. deferens, connected together by areolar tissue. 

Tlio arteries of the sporinatic cord are : the testicular artery, the f^xtcrnal spermatic 
artery, and the artery to the ductus deferens. 

The testiculaT artery, a branch of the abdominal aorta, oseapes from the abilominal 
cavity at the abdominal inguinal ring, and accompanies the other constituents of the 
spermatic cord along the inguinal canal and through the subcutaneous inguinal ring into 
the sf-roturn. It then descends to the testis, and, becoming tortuous, divides into several 
branches, two or three of which accompany tlio ductus deferens and supply tho epididymis, 
anastomtjsing with the. artery of the ductus defertm.^; tln‘ others supply tlie .substance of 
thf* te-stis. 

The external apcrmatic artery (cremasteric artery) is a branch of tlio inferior epigastric 
artery. It supplies tlio coverings of tho spermatic cord, and anask)nio‘«;e.‘^ with the 
testicular artery. 

The artery of the ductus deferens^ a branch of tho superior ve.'<ical artery, is a long 
slemler vessel which aecompanioH the ductus deferens, ramifying upon its* coats, and 
anastomosing with the testicular artery near the testis. 

The tceiicular veins emerge from the back of the U-stis, and receive tributaries from 
tlio epididymis : they unite and form a convoluted plexus, the plexus pa^mpmijorniis^y 
which forms tho chief mass of the cord ; the vessels composing tins fdoxna are very 
uurn«?rons, and ascend in front o£ the ducUis deferens; below tho subcutaneous inguinal 
ring they nnito to form three or four veins, which pass along tho inguinal canal, and, 
culcring the abdomen through the abdominal inguinal ring, coalesce to form two veins. 
These again unite to form a single, vein, which opens on the. right side into thej inferior 
wna cava, at an aeiih^ angle, and on the left side into tho loft ronal vein, at a right 
angle. 

The hjinphatio vessels of tlio testis are described on p. 734. 

Th.* ac/ccfl arc the spermatic iilcxus of tho sympathetic, joined by /ilaments froin thr 
pohic p!e\Lis which nccoinpatly the artery of the ductus deferen.s. 


Tuk Scrotum 

Tho scrotum is a cutaneous pouch containing tlio testes and ])ar(s of tho 
spermatic cords, and placed below tho pubic symphysis in front of tho upper 
parts of the thighs. It is divided on its surfaces into two lateral portions by a 
ridge, or rqphe, which is continued forwards to the under surface of tho penis, 
ai\d backwards along the middle line of the perinmum to the anus ; the left 
portion hangs loyvor than the right, in oorrespondonee with tho ^eater length of 
the left spermatic cord. The external appearance varies under different circum- 
stances: thus, under the influence of warmth, and in old and debilitated persons, 
it is elongated and flaccid ; but, under the influence of cold, and in the young 
and robust, it is short, corrugated, and closely applied to tho testes. It consists 
of the skin and the dartos tunic, together with the intercrural, creinasterio and 
infundibuliform fascisa, already described in connexion with the spermatic cxyvd. 
Within the infundibuliform fascia is the parietal lamina of the tunica vaginalis 
(fig, 1084). 

The sim is very thin, of a brownish colour, and generally thrown into folds 
or rugie. It is provid^ wijli]i, 4 ig|)aqeouB follicles, the seeretion of which has 
a peculiar cklorur, an3*^m crisp hairs, the roots of which 

are visible through the skin. 

The dartos tunic is a thin layer pf non-striped muscular fibres, continuous, 
around the base of the scrotum, with the superficial fascia of the groin and 
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of the periiia}uni. It sends inwards a septum, which connects the raphe to 
the under surface of the root of the jienis, and divides the scrotal pouch 
into two cavities for the testes. The dartos tunic is closely united to the skin, 
but is connected with the subjacent parts by delicate areolar tissue, upon which 
it glides with the greatest facility 

Vessels and Nerves.^ -The supplying tlio .scrotum uro : the superficial and deep 

external pudendal branches of the femoral artery, the supi'ilicial perimeal branch of the 
internal pudend^'"?* artery, and the rremasfccric branch from the inferior epigastric artery. 
The vcim follow the course of tJio corresponding arteries. The lymphaiics end in thi*. 
inguinal lymph-gland. s. Tlie nerves are the ilio-inguiiial and 1 umbo- inguinal branches of 
the lumbar plexu.«, the two posterior scrotal brnnclies of the perinjeal nerve, and the 
pudendal branch of th.e posterior femoral (Mitaneons nerve. 


Pin. 10.S4.— A transverst' section through the, left half of the serotuin and the left 
testis. Tin* sac of the tunica, vaginalis is represented in a distended condi- 
tion. t Diagrammalie.) (Delepinc.) 
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Applied Anatomy . — The scrotum foruis an admirable covtring for the protection of 
the t(‘Rtos. Tlicsc Dodie.s, lying suspended and loose in the cavity of the scrotum and 
surrounded by serous membrane, arc capable of gn^it uiubility, and can therefore easily 
slip about within the scrotum, and thus avoid injurieri frorri blows or squeezes. The 
skill of the scrotum is very clastic and capable of great disteusion, and on account of the 
h^osoncss and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in 
cases of oedema, to which this part is especially liable as a re^sult of its dependent position. 
The scrotum is occasionally the seat of epithelioma; this is no doubt due to the rugae on 
its surface, which favour the lodgment of dirt, and this, producing irritation, is the 
exciting cnii.se of the distjasc, which is especially common in chimney-sweeps from the 
lodgment of soot. The disease is very much less common than it used to be; this is 
probably duo to the better hygienic conditions of the working classes. The scrotum is 
also the part most frequently affected by elephantiasis. 

On account of the looseness of the subcutaneous tissue, large extravasations of blood 
may take place from very slight injuries. It is therefore generally recommended never to 
®PP^y leeches to the scrotum, since they may lead to ccenymosis, but rather to puncture 
one or more of the superficial veins of the scrotum in cases where local blood-letting from 
this part is judged to be desirable. The muscular fibres in the dartos tunic cause con- 
traction and considerable diminution! in the size of a wound of the scrotum, as after 
the operation of castration, and are of assistance in keeping the edges together, and 
covering tho exposed parts. 


THE PENIS 
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The Penis 

The penis is a pendulous organ suspended from the front and sides of the 
pubic arch and containing the greater part of the urethra. In the flaccid 
condition it is cylindrical in shape, but when erect assumes the form of a 
triangular prism with rounded angles, one side of the prism forming the dorsum. 
It is composed of three cylindrical 

masses of cavernous tissue hound pio. 1085.— The constituent caveinons criimli i-s 
together by fibrous tissue and of the penis. The glan^ penis and the 

covered with skin. Two of th(^ anterior part of the corpuri t avorni»suin urc- 

masses arc placed side by side, thrie arc detached from the corpora cavernosa 

and are known as the corpora 
cavernosa penis ; the third is 
median in position and beneath 
tile other two ; it is traversed by 
the cavernous part of the urethra, 
and is termed tlic corpus caver- 
nosum. urelhrce (figs. 1085, 1086). 

The corpora cavernosa penis 
form the greater part of the sub- 
stance of the penis. Throughout 
the anterior three-fourths of their 
extent they lie in apposition m ith 
one another, separated only by 
the septum of the penis ; beluml, 
they diverge in tlie form of two 
tapering processes, known as the 
crura, which arc firmly connected 
to the rami of the pubic arch. 

Traced froui behind forwards 
each crus begins as a blunt-poiiitecl 
process in front of the tuberosity 
of the ischium. Just before it 
meets its fellow it presents a 
slight enlargement, named by 
Kobelt the bulh of the corpus 
cavernosum penis. Beyond this 
point the crus undergoes a con- 
striction and merges into thc5 
corpUvS cavernosum proper, wliich 
retains a uniform diameter to its 
anterior end. Each corims eaver- 
iiosum penis ends abruptly in a 
rounded extremity some ilistance 
from the point of the penis. 

The corpora cavernosa penis 
are surrounded by a strong fibrous 
envelope consisting of superficial and dec}) fibrc.s. I'he superficial fibres are 
long^itudinal in direction, and form a single tube which encloses both corpora ; 
the deep fibres are arranged circularly round each corjius, and form by their 
junction in median plane the septum of the penis. This septum i.s thick 
and complete behind, but is imperfect in front, where it consists of a series of 
vertical bands arranged like the teeth of a comb ; ii is therefore named the 
septum pectinijorme. 

The corpus cavernosum urethrae (corpus spongiosum) contains the 
cavernous part of the urethra. Behind, it is expanded to form the urethral 
bulb, and lies in apposition with the inferior fascia of the urogenital diaphragm, 
from which it receives a fibrous investment. The urethra enters the bulb 
nearer to the upper than to the lower surface. On the lower surface of the bulb 
there is a median sulcus, fi*om which a thin fibrous septum projects into the 
substance of the bulb and divides it imperfectly into tw'o lateral lobes or 
hemisph^es. 
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The portion of the corpus cavemosum urethrae in front 
a ttroove on the under surface of the conjoined corpora cavernosa • . 

cylindrical in form and tapers slightly ^^ 0 “ 
e^ suddenly expands to form an obtuse cone, flattenpd from 
This expansion, termed the glans penis, is moulded on the roan ... 1 
corpora cavernosa penis, extending farther on their upper ® 

.surfaces. Near the summit of the glans is the sht-like vertical extern^ ure^i^ 
orifice. The circumference of the base of the glans forms a rounds J § 

border, tho overhanging a deep 

which is the weefc of the penis, • 4 .\ 

For descriptive purposes it is convenient to divide the poms into three 

regions : tho root, the body, and tho extremity. 

The root of the penis is triradiatc in form, consisting of the diverging 
crura, one on either side, and the median urethral bulb. Each crus is covered 
by the Ischiocavernosus, while the bulb is surrounded by the Bulbocayernosus, 
^ The root of the penis lies in 

r, 0 . l«.-i ,Mi«„ t,™.,., ,W 

Dursul vdtis hnrml nrti rif mid mrt:e diaphragm and the fascia of 

\ .. skiv Colics. In addition to being 

rihfov>,u,ciop,. attached to the f^cia! and the 

]nibic rami, it is bound to the 
,, front of tho symphysis pubis 

•pvetiniforme sory ligaments. fiiudiforyti 

iimmeni swings from the front 
of the sheath of the Rectus 
'Tknthm abdominis and the linea alba ; 

it splits into two fasciculi which 
(Corpus caennoKHm unthrfF ^^ass ono on either side of tho 

penis and unite bolow’ udtli the 
septum of tho scrotum. The upjier fibres of the suspensory (iganient pass 
downwards from tho lower end of the linea alba, and the lower fibres from the 
symphysis pubis ; together they form a strong fibrous band, w'hich extends to 
the upper surface of the roo^ of the jienis, where ifc blends with the fibrous 
envelope of the corpora cavernosa ])enis. 

The body extends from the root of the ^lenis to the anterior end of the 
corpora cavernosa penis. In the body tliO corpora cavernosa are intimately 
bound to one another ; a shallow groove which marks their junction on the 
upper surface lodges the deep dorsal vein of the penis, while a deeper and wider 
groove between them on the under smface contains the corpus cavemosum 
urethrao. The body is enshcathed by fascia., which is continuous above with 
the fascia of Scarpa and below with tho dartos tunic of tho scrotum and tho 
fascia of Colics. 




Dnrml nrltr}/ ottd turve 
.. Sk in 

y throve tnvclopL 


^Corpora cavernom pi 
rnSfplum pvetinijonn t- 


dorpuH caty rnoaum unthrfF 


The extremity is formed by the glans penis, the expanded anterior end 
of the corpus cavemosum urethra). It is separated from tho body by the neck 
of the penis, which is overhung by the corona glandis. 

The skin covering tlie penis i'* remarkable for its thinness, its dark colour, 
its looseness of connexion with the deeper parts of the organ, and its absence 
of adipose tissue. At the root of the penis it is continuous with the skin over 
the pubes, scrotum, and perinasum. At the neck of the penis it is folded upon 
itself to form the prepuce or foreskin, the internal layer of which is directly 
continuous, along the line of the neck, with the integument over the glans. 
Immediately behind the external urethral orifice it forms a small secondary 
reduplication, attached along the bottom of a depressed median raphe, which 
extends from the meatus to the neck ; this fold is termed the frmu lum of the 
prepuce. The integument covering the glans is continuous witntne urethral 
mucous membrane at the urethral orifice. On the oomna and neck there are 
numerous small pre^jidiffijjlji^^ which secrete a sebaceous material of very 
pi^uliar odour and named the prcepiUii, 

The prepuce covers a variable amount of "the glans, and is separate from 
it by^ a potential sac — the preputial sate — which presents two shallow fossse, 
one on either side of the frenulum. 
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Structure of the penis.— From the internal surface of tlio fibrous envelope o£ the 
.corpora cavernosa penis » as well as from the sides of tho sfjitum, numerous bonds or 
cords (tTaheculiB) arise, and cross the interior of the corpora cavernosa in all directions^ 
s^ibdividmg them into a number of compartments, and giving the entire structure a 
spongy appearance (fig. 10S6>. These consist of wl»ite fibrous tissue, elastic fibres, a'acl 
plain muscular fibres (fig. 1087). In them arc contained numerous arteries and nerves. 
1 ho component fibres which form the trabecul© are larger and stronger round the circum* 
forence than at the centres of tlie corpora cavernosa; they arc also thicker behind than 
in front. The interspaces [caviirnous spaces) are filled \nth blood, and arc lined by a 
layer of fiattoned cells similar to the endothelial lining of veins. 

Tlio fibrous envelope of the corpus cavernosum urcthrie is thinner, whiter iu colour, 
and more clastic than that of the 


Fio. 1087. — A section of corpus cavernosum peids 
in a non-distended condition. (Cadiat.) 


corpora cavernosa penis. The 
trabocidae are more delicate, 
nearly uniform in size, and the 
meshes between them are smaller 
tlian in the corpora cavernosa 
penis. The envelope of the 
corpnfe cavernosum urethra? is 
formed partly of unstripf'd 
muscular fibre's, and a layer of 
the same, tissuo surrounds the 
canal of tho urethra. 

, Vessels and Nerves. — The 
arteries bringing tho blood to the 
<*avernous spaces arc tho deep 
arteries of tho penis and branches 
from the dor'^al arterie.s of tho 
penis, which pi'rforato tho fibrous 
^-apsule, along the upper surface, 
ospccially near tho front part of 
the organ. On c'litcring thi* 

/'avornous structure the arteries 
divide into branches, which are 
supported and enclosed by the 
trabcculoo. Some of those arteries 
end in a capillary network, tho 
branches of which open directly 
into the cavernous spaces ; others 
assume a tendril-like appearance, 
and form convoluted and some- 
what dilated vessels, wliich were named by MtiUcr They upon into the 

spaces, and from them are also given off small capillary branches to supply tho trabecular 
structure. They are most abundant in the posterior pin ts of the corpora cavernosa. 

The blood from the cavernous spaces is returned by a series of vessels, some of wliich 
emerge in considerable numbers from the base of tlie glans penis and convorgw on the 
dorsiim of tho penis to form the deep dorsal vein : others pass out on tho upper surface 
of the corpora cavernosa and join the same vidu; some emerge from the under surface of 
the corpora cavernosa penis and, receiving branches from the corpus cavernosum urelhrie, 
wind round the sides of the penis to end in the deep dorsal vein; but the greater nuifd)er 
pass out at the root of the penis and join the prostatio plexus. 

The nerves are derived from the pudendal nerve and the pdvio plexuses- ^ >n the glans 
and bulb some filaments of the cutaneous nerves have Pacinian bodies ronuccted with 
them, and many of them end in peculiar end-bulbs (p. 1006). 



eSt^fAT. 


a, Trabeculw of coimective tissue, with muuy clastio Ubres and 
bundles of plain iiiimculur tlshin* some of which am nit arrow (c). 
ft. Blood-sinuses. 


Applied Anatomy . ' — The penis occasionally rotpiircs removal for malignant disiaisr. 
Bomoval of the antescrotal portion is usually all that is ncc(*.<?sary, but .sometimes it is 
requisite to remove tho whole organ from it.s attachment to the pubic and ischial rami. 
The former operation is performed by cutting through the corpora cavernosa penis from 
tho dorsum, and then separating the corpus cavoniosum urotlirtt' from them, dividing it 
at a level nearer the glans penis. Tho raucous membrane of the urethra is then felit up, 
and the edges of the flap attached to tho external skin, in order to prevent contraction of 
the orifice, which might otherwise take place. Tho vessels which require to lie ligatured 
are the deep and the dorsal arteries of the penis, and the artery of the scjptum. Wlwm 
the entire organ requires removal, the patient is placed in tho lithotomy position, and an 
incision is made through Uie skin and subcutaneous tissue round the root of the penis, 
and carried down the median line of tho scrotum as far as the perinspum. The 

halves of the scrotum are then separated from each other, and, a catheter having been 
introduced into the bladder as ajguide, tho corpus cavernosum urcihrai below the uro- 
genital diaphragm is separatt^d nom the corpora cavernosa peni^ and divided,, the 
catheter having been withdrawn. The suspensory ligament is now severed and the crura 
separated from the bone with a periosteum scraper. The membranous portion of the 
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urethra, which has not been removed, is attached to the skin at the posterior extremity of 
the incision in the perinteum. The remainder of the wound is closed, free drainage being 
provided for. 


! : The Prostate 

Tlic prostate (fig. 1082) is a firm, partly glandular and partly niusoular 
body, suiTounding the commencement of the urethra. It is situated in the 
pelvic cavity, b^ehind the lower part of the symphysis pubis, and the sui)erior 
fascia of the urogenital diaphragm, ,and in front of the rectum. It is about 
the size of a chestnnt and somewhat conical in shape, and presents for examina- 
tion 9 base, an apex, a posterior, an anterior, and two lateral surfaces. 

The base is directed upwards, and, for the greater part of its extent, is 
directly contmuou.s with the wall of the urinary bladder : the urethra enters 
it nearer its anterior than its posterior border. 

The apex is directed downwards, and is in contact with the superior fascia 
of the urogenital diaphragm. 

'Uho posterior surface is flattened from side to side and slightly convex from 
above downwards ; it is separated by its sheath and some loose connective 
tissue from the rectum, and is dis^nt abo2it4cm^.fr tHe anus. Near its 

1 upper border there is a depression tbrougii w^lilcii the two ejaculatory 
enter the prostfite. This depression serves to divide the posterior surface mto 
a lower larger and an upper smaller part. The upper smaller part constitutes 
the miiMle lobe of the prostate and intervenes between the ejaculatory ducts 
and the urethra ; it varies greatly in size, and in some cases is destitute of 
glandular tissue. The lower larger portion somc\imes presents a shallow 
median furrow, which imperfectly separates it into . :ght and left lateral Jobes ; 
these form the main mass of the gland and are directly continuous with each 
other behind the urethra ; they are connected in front of the urethra by a 
band which is named the isthmus : this consists of fibromuseular tissue and 
is devoid of glandular substance. 

The anierio} surface h narrow and convex from side to side. It lies about 

2 cm. behind the j)ubjo symphysis, from which it is separated by a i)lexus 
”ot veins and a quantity ol loose fatty tissue. It is connected to the pubic 
hones by the puboprostatic ligaments. The urethra emerges from this surface 
a little above and in front of liic apex of the gland. 

Iho lateral surfaces are inoui nent, and aj*e covered by the anterior portions 
of the Jjevatoros ani, which arc, however, .‘cjiarated from the gland by a plexus 
ol veiiis. 

The prostate nieasures about cm. transv'ersely at the base, 2 cm. in its 
ant(*ropostcrior diameter, and 3 cm, ir its vertical diameter. Its weight is 
about. 8 gin. Tt is held in position by the puboprostatic ligaments ; by the. 
superior lascia of the urogenital diaphragm, which invests the prostate and 
the commencement of the membranous portion of the urethra ; and by the 
anterior portions of tlio Ixivatores ani, which pass backwards from the os pubis 
.and embrace the sides of the prostate. From the support they fCiford to the 
jirostate these portions of the l^evatores ani are named the Levatores prostatoe. 

ihe prostate is perforated by the urethra and the ejacuIa^Eofy^dueti^ 
contains the prostatic utricle. The urethra usually lies along the junction 
ot its anterior with its middle third. The ducts pass obliquely downwards 
Land forwards through the posterior part of the prostate, and open into the 
*j)rostatic portion of the urethra (p. 1170). 

Structure (flg. ]US8).~'l’lje prostate is enveloped by a thin but firm c^syl^, distinct 
rm deriyed from the fascia cudopclvina, and separated from it by a moxus of veins. 

Ims capsule is firmly adherent to the prostate and is structurally continuous with the 
stroma ot tho gla^d, bemg composed of the same tissues,. viz. non-striped muscle, and 
fibrous tissue. Iho substance of the prostate is of a pale reddish-grey colour, of great 
density, ana not easily torn. It consists of glandular substance and muscular tissue. 

l lie my sen tar tissue constitutes the proper stroma of the prostate; the connective 
being scanty, and merely forming, between tho muscular fibres, thin 
uabpeu^ in which tin) vessels and nerves of the glcmd ramify* The muscular tissue is 
urrapged as follows : immediately beneath the capsule is a.,<dense l^gr, which forms an 
investing slieath for the gland; around,^e prostatJ£parJ"ot^liS^ is a dense layer 
01 circular fibres, continuous above wnth the internal layer of the muscular coat of the 
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bladder, and blending below with the fibres surrounding tbe mciubranpus portion of the 
urethra ; between these two layers arc strong bands of muscular tissue which decussate 
freely, and form meshes in which the glandular structure of the organ is imbedded. 
In that part of the gland which is situated in front of the urethra the muscular tissue is 
especially dense, ana there is here little or no glandular tissue ; wliilo in that part which 
13 behind the. urethra the muscular tissue presents a wido-meshod ^^tru(^ture, which is 
densest aj: the base of the gland — ^that is, near the bladder — bocoiuiiig looser and more 
spongc-liko towards the apex. 

The glandular f(ub8tanc$ is composed of numerous follicles the lining of which fre- 
quently shows papillary elevations. Tbe follicles open into elongated canals which join 
to form from twelvo to .twenty small excretory ducts. They arc connected together by 
areolar tissue, supported by prolongations from the fibrous (?ap«uh' and muscular stroma. 


Fju. 1088. — A transverse section through a normal prostate, opposite the middlf 
of tho urethral crest. Fniin a subject aged nineteen yeni''^. (Taylor.) 



If. Longitudinal acetion of ducta leading from the lobules of the i>rustatic glands, f). Urethral crcht. 
c. rrostatle utricle, d. Urethra, e. Ejaculatory ducts. /. A rterles, veins, and venous sinuses in sheath 
of prostate, g. Nerve trunks in sheath. A. Point of origin of lihronuisculnr hands encircling urethra . 
i. Zone of striated voluntary innscle on supeiior surface 


and cuclosed in a delicate capillary fdexus. The ^itheJium which liiioii tho cannU an<r 
the terminal vesicles is of the columnar variety. Tlie prostaiic duds opeax into th(' door 
of tho prostatic portion of the urethra, and avo lined by two layol■^^ oi epithelium, the 
inner layer consisting of columnar and the outer of small cuihical cells. Small c«^»Iloid 
masses, known as amyloid bodies, arc often found in tho gland tubes. 

Vessels and Nerves.— Tho arteries supplying tho prostate, arc derivcrl from the 
internal pudendal, inferior vesical, and middle hjcmorrhoidal arteries. Its veins form a 
ple.xus aroimd the sides and base of the gland; they receive in front tho dorsaLv^dn of tln’ 
peni'j, and ojid in the hypogastric veins. Tho nerr.en art: derived from the polvit, ple-xus. 

Applied Anatomy , — ^By means of the finger introduced into the rectum, the ^jurgeon 
detects enlargement or other disease of the prostate; he can feel the ape-x of the gland, 
which is the guido to Cock’s operation for stricture ; he is enabled also by tho same means 
to direct the point of a catheter, when its introduction is attended with difficulty either 
from injury or disease of the membranous or prostatic portions of the urethra. When the 
finger is introduced into the bowel, tho surgeon may, in some cases, especially in boys,, 
learn the position, as well as the size, of a calculus in the bladder; and in thtj operation 
for its removal, if, as is not infrequently the case, it should bo lodged behind an enlarged 
prostate, it may be displaced from its position by pressing it upwards towards the fundus 
of the bladder from the rectum. The prostate is bccasionally the scat of suppuration, due 
to either gonorrhoea or tuberculous disease. The gland is enveloped in a dense unyielding 
capsule, which determines the course of the abscess, and al.^io cxplaui.^ the great pain 
w^hich is present in the acute form of the disease. The abscess most frequently bursts- 
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into tlic urethra, the direction in which there is least rcsistatice, but may burst into the 
ri'otuni* or more rarely in the periniruin. In advanced life the prostate aoinetimos 
becomes consith'rably enlarged and projects into the bladder so as to impede the passage 
t)f the urine. According to M(‘s.si'r*s researches, conducted at Greenwich Hospital, it 
would seem that such obstruction exists in 20 per cent, of all men over sixty years of age. 
In some cases tlie condition affects principally the lateral lobes, which may undergo 
considerable enlargement without causing much iiicoiivenience. In other cases it Tvould 
s(M'm that the middle lobe enlarges iiiost, and even a small enlargement of this lobe may 
act injuriously, by forming a sort of valve over the internal urethral orihee, preventing 
th (2 passage urine ; and the more the patient strains, the more completely will it 

block tlic opening into the urethra. In consoquetuje of the enlargement of the prostate, a 
pouch is formed at the base of the bladder behind the projection, in which urine collects, 
and from which it cannot be entirely expelled. For this condition prostatectomy is some- 
iinios done. The bladder is opened by an incision above the symphysis pubis, the 
rniieous membrane of the post- prostatic pouch is scratched through, and the finger is then 
introduced into the space beLwc‘.en the. true capsule of the j^rostato anil outer capsule 
fonned by the fascia endopolvina. Separation in ibis plane is then carried out below^ and 
laterally until Iho apt‘,x of Ihe gland is reached. The whole of the work is done with the 
finger, which is gradually sw'ept round the sides until the anterior surface is reached and 
freed. The gland is then, by tractiou, displaced into the bladder and removed, usually 
eaiTyijjg with it the greater portion of the mucous membrane of the prostatio urethra. 
Ifiemorrhage, wdiich may be considerable at times, is chocked by hot irrigations, and the 
bladder is tem))orurily drained. A’^ory satisfactory results have followed this operation. 

The prostate can be reached from tbo pcrinaciim, and in some cases the enlarged 'gland 
has b^'cn removed by this route, but the porinecal approach is not usually employed except 
in tJuj case of abscess of or about the gland. 


Thk Bulbo urethral Glands 

The bulbo-urethral glands (Cow])er*s glands) are two small, rounded and 
somewhat lobiilated bodies, of a yellow colour, each about the size of a pea, placed 
laterally to the membranous portion of the urethra, between the two layers 
of the fascia of the urogenital diaphragm. They lie close above the urethral 
bulb, and are enclosed by the transverse fibres of. the Sphincter urethrae niem- 
branaccae. They gradually diminish in size as ago advances. 

The excretory duct (;£ each gland, nearly 3,. cm. long, passes obliquely 
forwards beneath the mucous membrane, and opens by a minute orifice on 
the floor of the cavernous pr.rtion of the urethra about 2*5 cm. in front of the 
urogenital diaphragm. 

Structure. — Each 'land is made up of several lobules which arc held together by n 
fibrous investment. Each lobule consisb- a number of oqini, lined by columnar 
epithelial cells. 


THR FEMALE GENITAL ORGANS 

The female genital organs consist of an internal and an external group. The 
internal organs are situated within the pelvis, and consist of the ovaries, the 
uterine tubes, the uterus, and the va^na. Hie external organs are placed 
below and in front of the pubic arch. They comprise the inons pubis, the 
labia majora et minora pudendi, the clitoris, the bulbus vestibuli, and the greater 
vestibular glands. 

'iy Thk Ovaries 

The ovaries, two in number, are homologous with the testes in the male. 
They are situated one on either side of the uterus in relation te the lateral 
wall of the pelvis, and attached to the back of the broad ligament of the uterus 
behind and below the uterine tube (fig. 1089). They are of a greyish-pink 
colour, and w^nt either a smooth or a puckered uneven surface ; each is 
about 3 cm. Jong, 1;5 <>m, wid». Apd.gbout 10 ionu.;JiB8k. In the erect posture 
the long axis of the ovt^ry is vertiicaT Each ovary presents a latersT and a., 
medial surface, a tuba! and a uterine extremity, and a mesovarian and a free 
border. The ovary lies in a dejuressioa, named ^e otuNdn foam, on the lateral 
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wall of the pelvis ; this fossa is bounded in front by the obliterated hj'pogasti'ic 
artery, and behind by the ureter and the uterine -artery* The exact position 
of the ovary has been the subject of considerable difference of opimon, and 
the description here given applies to the ovary of the nulliparous woman ; the 


Fig. 1089 . — The ut<*rus jiud the right broad ligament, seen I'rom bohind. The 
broad ligament has been spread out and tlie ovary drawn downv\ards. 

Epoophoron 



ovary is displaced during the first pregnancy, and ])robably never again returns 
to its original positioiu The tvAal extremily (extreinitas tubaria) is near the 
external iliac vein ; to it are attached 1;he ovarian fimbria of the uterine tube 
and a fold of peritoneum, the suspensory ligament of the. omy, which passes 
upwards over the iliac vessels and contains the ovarian vessels and nerves. 


Fig. . 1090 .— I’he adult o\ar^\, epubphornu, niid utoriri'' tiiht». 
(From Farrc, after Kobclt.) 



a, fl. JEipodi^oron formed from the upper part of the Wolffian body. ft. Remains of the Qpponuo.Ht 
tubes TMlidle set of tubes f'- ?' 

Atrdpbfed remains of the Wolffian duct. /. The terminal bulb or hydatbl. fi. 1 In* uterine tube. 
Hydatid attach^ to the extremity, f. The ovary. 


The iitferme extremity (extreniitas uterina) is directed downwards towards the 
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and contains some non-striped muscular fibres. The lateral surface is in contact 
with the pari<?tal peritoneum, which lines the ovarian fossa and separates the 
ovary from the subperitoneal connective tissue and the obturator vessels ; the 
medial surface is to a large extent covered by the uterine tube. The mesovarian 
harder j.s straight and is directed towards the obliterated hypogastric artery ; 
it is attached to the back of the broad ligament by a short fold named the 
viesovarhm. Between the two layers of this fold the blood-vessels and nerves 


I'lG. 10V)l — A section of tl 
(After Schron.i 


s 



l. Outer cu\(;ring. r. AttaeJuMl bcirtL-r. -J. (Jc'ntiui 
siroinii. 3. Puripherul Klroma. 1. Blood* vessels. 5. Vest* 
eulnr (olUdes iu their earliest stn«e. 7, 8. More advanc'^d 
follicles. 9. An almost mature tullicle. 9'. Volllclc from 
which the ovum has escaped. lu. Corpus Inteutii. 


pass to the hiluni of the ovary. 
The free border is convex, and is 
directed towards the ureter. The 
uterine tube arches over the 
ovary, running upwards in rela- 
tion to its mesovarian border, 
curving over its tubal extremity, 
and then passing downwards on 
its free border and medial sur face. 

In the foetus, the ovaries are 
situated, like the testes, in the 
lumbar region near the kidneys, 
but they gradually descend into 
the pelvis (p. 152); 

Structure 1001). — TIic surface 

of the ovary is covoroj by a layer of 
col u muar cells . This epi Ui eli iini gives 
to Mjc ovary a dull grey colour as 
eompai 1 with the shining smoothnoss 
of the peritoneum; the transition be- 
iwccji the squamous cpitlioliiun of the 
peritououm and tlio columnar colls 


which cov('r the ovary is usually 
jfiarkod l.>\ Ji line around tlui imt^jricr border of the ovary. The ovary consist's of a nuinbeV 
of vi'sicular ovarian foDicles imbedded in the meshes of a stroma or frame woik. 


Tlin Mroma is abundantly supplied with blood-vessels, and consists for the most pait 
of spindle-shaped colls Avith a small amount of ordinary connective tissue. Those crdls 
have been rognrded by some tmp^omists a nnsiriped musclc-cells, by others as connective 
tissue codls. On tlie surface « i 


Fibvoiasi ular coat 


M f fr () r'l ri ff ra n ulosif- 


the organ this tissue is mucli I’u. 1002. -A soclioii through aii r;varia)i fo 
• undensptl, and foruis a layer of a eat. xTAi. 

Jvno^ 

Immediately beneath the tunica Zona slriaia-^^^- 

called the corf teal layer, ch(\r- tirrminal rt 

stage Dhcu.proligcm^ 

primitive follicles are numerou.s 

in the ovary of the child. After puberty some of them become enlarged and pass towards 
the interior of the ovary: the investing cells multiply, and later a cavity appears in the 
mass of cells thus formed. 


Zona striata- 
(irrm inal rt side- 


Discus proligerns-- 


The fully developed follicle (fig. 1092) is about 1*5 cm. iu diameter, and consists of an 
external fibrovascular coat, connected with the surrounding stroma of the ovary by a 
network of bltSbil-vessels ; and an internal coat, which consists of several layers of 
nucleated cells, called the jnewbrang groamlosa. At ono part of the mature follicle the. 
colls of the membrana granulosaTare cc?llected into a mass w'hich projects into the cavity 
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termed the discus proUgernSf and in it the ov\ini is imbedded.* 
Ine follicle contaius^a transparent albuminous fluid, the liquor folliculi. As the follicle 
approaches maturity it again comes to the surface of the ovary, whore it appears as a thin- 
walled vesicle. From the time of puberty to the end of the fruitful period of woman's 
life, the ovary shows a number of these vesicles. Periodically a vesicle ruptures and the 
ovum is set free together with the greater part of the discus pvoligerus, and conveyed 
b\ the uterine tube to the cavity of tht uterus. 

The development and maturation of the follicles and ova continue uninterruptedly 
from puberty to the end of the reproductive period of woman's life, whih* their formation 
commences before birth. 

Discharge of an ovum. — A follicle, after attaiumg a certain stage of df'voL»|mn-nt, 
gradually approaches the surface of Iho ovary and bursts; the ovum ajid iluid contents 
of the follicle are liberated on the exterior of the ovary, and carried into tlu* uterine tube 
by currents sot up by the movemeiitvS of the cilia covering the mucous membrane of tlu' 
iitnbrisQ. 

Corpus luteum. — After the discharge of the ovum a series f»f changes occurs within the 
Oraafian folliclo which result in the formation of a structure named the CiSjj^pjj^.LxU&um . 
When fully developed this consists of large cells containing yellow pigment (luical 
separated from ouo another by delicate irabecuTa'' of highly vascular connective tissue 
which is aggregated to form a mass in the centre of the follicle devoid of colls. The luteal 
ci lls are probably derived from the cpiiludial cells of the Oraafian follicle. These cells 
tmdergo great hypertrophy, and, in the early stages of the formation of the corpus lutciim, 
show signs of mitosis. The connective' tissue trabceuhe are df‘ri\i(l from the sheath of 
the follicle. 

ff the discharged ovum he not fertilized the corpus luteum quichly dcgeiu Tates, ami 
within two months is reduced to a small cicatrix, but if tin* ovum be fertilized the corpus 
hitoum increases in size and, by the middle of pregnancy, may mcasiuv about 2*5 cm. in 
diameter. During the later months of pregnancy the luteal cells lo'^e their ('olour, and 
the size of the corpus luteum diminishes, that by the end of ])i\'gimncy its dintueler 
is reduci'd to about 1 cm. + 

Vessels and Nerves. — The aricrica of the, ovaries and uterine tubes are the ov.irinu 
from the aorta, l^‘',aeh aMastojn(»ses fri'cly in the mesosalpinx with tlu' uterine arterv ; it 
gives some bratiches to the uterine tube, and others which traverse, the mesovariuin imd 
c nhT the hilurn of the ovary. The veins emerge from the hilnm in th(‘ foim of a plexus, 
the, pmujtiniforvt plexus; the ovarian vein is formed from this plexus, and leaves th*’ 
jx'lvis in company wdtli the artery. The nerves are di'riveil from tlu' hypogastric or pelvie 
plexus, and frt)m the ovarian plexus, the nterino tube receiving a branch from one of the 
iifi'riiK' nerves. 

Epobphoron (figs. 3089, 1090). — The epobphoron or (»rgau ‘f Boseiimuller lies in the 
latiTal part of the mesosalpinx bctw’cen the ovary and the uterine tube, and consists of a 
lew short tubules {ducluli transversi) wlucli corivergi-. Ir.vvards the ovary while their 
opposite ends open into a rudimentary duct, the ductus lomjUudinalis cpoiiphon (duct of 
(hii’tner), which runs in the broad ligament of the uterus, parallel with the latciral part 
of the uterine, tube. 

In a small proportion of cases Gariner’s duct can be followed alongside the uterus to 
fiear the level of the internal orifice. Hero it pierces the muscular wall of the uterus and 
descends in the cervix uteri, gradually approaching the mnerms membrann, without 
how'ever quite reaching it. The duct then runs downwards iji the lateral wall of the 
vagina and ends at, or close the free margin of the hymen. 

'Paroophoron. — The pflrobi)horon consists of a few scattered rndimiaitary tubules, best 
-^een in the child, situated in the broad ligament beiw*ecu the cpoo])horon and the uterus. 

The ductuli traiisversi of the epobphoron and the tubules of the paroophoron are 
roiiinants of the ^bules of the Wolffian body or incsonephn.s; tlie ductu.s Jongitudinalis 
epobphori'is'a persistent portion of the Wolffian duct. 

Applied Ayiato'imj. — The inflammations which affect the ovary arc merely an oxfceicdon 
of those from the uterine tube. Ovarian now formations are of crminon occurronc*;, and 
are either solid or cystic ; the former being the less common. Tho ‘ ovarian cysts * in the 
majority of cases are cystadenomata which may spring from tho ovarian follieli s and 
assume enormous dimensions; in rarer instances they ari'^e from thi* tubiilcs at the 
hilurn of the ovary or those of the opobphoroii ; in other in.stanccs a edrar watery cyst 
forms between the layers of the broad ligament. Aji ovarian cyst, oncf' diagnosed, should 
always be removed, as it is liable to become affected by suppuration, torsir^n of its pedicle, 
or other serious complications. The operation for its removal, badly termed ovariotomy , 
(consists in opening the abdomen and delivering the cyst through the wound; the pedicle 
is then clamped with forceps, and the cyst is cut free. The pedicle must be transfixed 
and securely ligatured by an interlocking ligature, which will not slip off. The pedicle 
consists of an elongated part of the broad ligament, including the uterine tube and ovarian 
artery, and a great number of large veins. Ovariotomy for a simple uncomplicated cyst 
presents no special difficulties, but, in cases where there are old adhesions implicating 
the small intestine, it may present very great difficulties. 

* The ovum is described on pn. 41 to 43. 

t Consult The Pkysioktgy of R^odstetUm by F. 11. A. Marshall, 1910. 
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‘ Thb Uterink Tubes (figs. 1089, 1094) 

Tho uterine tubes (Fallojnan tubes), two in number, transmit the ova 
fit) in tho ovaries to the cavity of the uterus and are situated in the upper 
margins of the broad ligaments of the uterus. Each tube is about l Offl X. long, 
and one end of it opens ini o the superior angle of the cavity of toe uterus,, 
tho other into the peritoneal cavity close to the ovary. The opening into the 
uterine cavity, very small, and only admits a fine bristle. The opening inta 
the peritoneal cavity is named the abdomiyialmtiumt and when its mu^ular wall 
is relaxed has a diameter of about 3 ;nm. The aMominal ostium is situated 
at tho bottom of a trumpet-Hhaped ‘ expansion of the uterine tube, termed 
the infu'n4ibitlu7yf. the circumference of which is prolonged into a varying 


Fic. lOOa. -- rr}U»«vrrso soction of human iiterine tube stained with 
bsLtnatoxylin an^ eosin. Xl4. 



niiinbor of iiTegular processes, called U nihri m. and therefore this ostium is 
sometimes called the fimbriuted end of thetu}>e. The inner surfaces of the 
fimbriic arc lined by mucous membrane, and in the larger fimbriae this exhibits 
longitudinal folds which are continuous with similar folds in the mucous lining 
of the infundibulum. One fimbria, longer and more deeply grooved than 
tho others, is attached to the tubal extremity of the ovary, and is named the 
omrian fimbria. The infundibulum opens into tho antpul^ of the tube, which 
is thin-walled and tortuous and forms rather iporo than half the entire length 
of the tube. The ampulla is succeeded by the islhmtis, which is round and 
cord-like and constitutes approximately the medial third of the tube. The 
part continued from the isthmus through tho w^all of the uterus is about 1 cm. 
long, and is named th(^ ])ars tvbce. 

The uterine tube is directed lateralwards as far as the uterine extremity of 
the ovary, and then ascends along the mesovarian border of the ovary to the 
ttibal extremity, over which it arches ; finally it turns downwards and ends 
in relation to the free border and medial surface of the ovary, In connexion 
with the fimbrim of the uterine tube, or with the broad ligament close to them., 
there are frequently one or more smaU pedunculated veskfies ; these are termed 
the (hydatids of Morgagni). 

Structure (fig. 1093). — The uterine tube consists of three coats : serous, nuiseular, and 
mucous, Tho-external or serone coat is x>eritoneal. Tlie middh or mmeuhr coat consist;^ 
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^^itemanoDgitudinal and an internal circular layer of non-striped niuecular fibres 

imuous with mose of the uterus. The infernal or imcous coat is continuous with the 
mucous lining of the uterus, and, at the abdominal ostium of the tube, mth tlie peri- 
loneum. it is throwii into longitudinal folds, which in tho ampulla arc much more 
extensu’e t^n in the isthmus. The lining epithelium is ooluninar aud cUiftiedi. I'his 
lorm of epithelium is also fouiid on the inner surfaces of tho linibriir ; while on tho outer 
of tho^p^ surfaces of these processes the epithelium gradually iutoth*' endothelium 

Applied Anaiomy , — ^Tho majority of tho disoasos of tho uterine tube are. due to 
infectiona..which have spread by way of the vagina and uterus, and the disease often does 
not stop at the uterine tube, but passes on to the peritoneum, giving rise to acute general 
peritonitis, or a localised condition termed petime Iritis that may be acuto or ehrouie.. 
Perimetritis is often followed by various painful conditions, which are due. to tho peri- 
toneal adhesions resulting from the intlammation of tho serous meinbrnnc, and which 
persist throughout life. Tubal inflammation (salpingitis) is usually Iho result of an 
infection either by tho gonococcus, or by septic organisms implanted at tho time of labour 
or abortion. In many cases tho fimbriated ends of tho tubes become closed by adhesions, 
pus collects in the tubes, and a pyo/ra/piajcjresuUs. 

Fptilisiition of tho ovum (p. 47) is bolioved to occur in the uterine tube, and tlio 
fertilised ovum is then normally passed t)u into th(^ uterus: the ovum, however, may 
adhere to and undergo development in tho tube, giving rise to commonest variety of 
ectopic yesfation. In such cases the amnion and chorion arc formed, but a true decidua 
is never present; and the gestation usually ends by extrusion of the ovum through the 
abdominal o.stium, although it is not uncommon for tho tube to rupture inh> the peritoneal 
cavity, this being aecninpanicd by severe liajmorrliago, and noodiug surgical intorferonce*. 

y The Uterus (figs. 1089, 1094, 1095) 

The uterus, or womb, is a hollow, thick-walled, muscular organ situated 
in the pelvic cavity between the urinary bladder and the rectum. Into its 
upper part the uterine tubes open, one on either side, while below, its cavity 

Fio. 1094; — Tho female pelvis and its contoit#, seen from above and in front. 
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of th(^ growing embryo. After parturition the uterus returns almost to its 
fornuT condition, but certain traces of its enlargement remain. For general 
descTix>tive purposes the adult virgin uterus is taken as the type form. 

/u the virgin state the uterus is flattened from before backwards and is 
pyiiform in shape, with the apex directed downwards and backwards. It lies* 
between the bladder below and in front and the sigmoid colon and rectum above 
and behind, and is completely within the pelvis, its base being below the level 
of the superior pelvic aperture. Its upper pait is suspended by the broad and 
the round Ife^nents, while its lower i)ortion is imbedded in the fibrous tissue 
of the pelvis. * 

The long axis of the uterus usually lies approximately in the axis the 
superior ])(‘lvic ax)erture, but as the organ is freely movable its position varies 


FuJ. -A iiu'flism «iagittal «se(!ti()U of tlu' feinah' pilvi';. 



with live state of distension of the bladder and rectum. Except wdion much 
displacerl by a distended bladder, it forms a forward angle with the vagina, 
since the axis of the vagina corresponds to the axes of the cavity and inferior 
a|X'rtnre of the pelvis. 

The uterus measures about 7*5. cm. in length, 5 cm. in breadth at it^ upper 
part, and nearly 2-5 cm. in thicl^ncss ; it weighs from 30^0^40 cm. It is 
divisible into two portions. On the surface, a little belo^the imddle, is a 
slight constriction, knoivn as the isthmiis, and corresx)ondmg to this in the 
interior is a narrowing of the uterine cavity, the internal orifice of the uterus. 
The portion above the isthmus is termed the body^ and that below, the cervix. 
The part of the body which lies above a plane passing through the points 
of entrance of the uterine tiibea is known as the fundm. 

Body.— The body gradually narrows from the fundus to the isthmus. 

The vesical or anterior mrfiace is in apposition with the urinary bladder. 
It is flattened ^d covered by peritoneum, which is reflected on to the bladder 
to form the vedco-uterine excavation. 
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Puj. 1096. — Tho posterior Imlf of the 
uterus and upper part of the 
vagina. 

U ferine 
tube 


^ The inkHinal or poskrwr aurfoKe is conrex transverseijr, and^is ooyered 
^by peritoiieuiu, whichl is coatinued dowiiwards on to the cervix uteri and 
■the upper part of the vagina. It is in relatioii with the sigmoid colon, from 
which it is usually separated bv some coils of small intestine. 

Tiiefundtis is convex in all directions, and covered by peritoneum continuous 
with that on the vesical and intestinal surfaces. On it rest souio coils of small 
intestine, and occasionally the distended sigmoid colon. 

The lateral margins are slightly convdx. At the upper end of each the 
uterine tute pierces the uterine wall. Below and iir'‘ front of this point the 
round ligament of the uterus is fixed, while below and behind it is the attach- 
mei^pf the ligamentr^ the ovary. These tliree structures lie within a fold of 
per^mcum which is reflected from the margin of the uterus to the wall of 
the pelvis, and is named the broad ligament. 

Cendbr* — ^The cervix is tho lower constricted segment ot the uteru^ It is 
somewliat Conical in shape, with its truncated apex directed do^vnwara8 and 
backwards, but is slightly wider in the 
middle than above or below. Owing to 
its relationships it is leas freely movable 
than the bodj% so that its long axis is 
seldom in the same straight line as that 
of the body. Tho long axis of the uterus 
' aa a whole presents the form of a curved 
line with its concavity forwards, or in 
extreme cases may present an angular 
bond at the region of the isthmus uteri. 

Tho cervix projects through the anterior 
wall of the vagina, which divides it into 
an upper, supravaginal portion, and a 
lower, vaginal portion. 

The su^pravaginal portion is separated 
m front from the bladder by cellular tissue 
(parametrium), which extends also on to 
the sides of the cervix, and lateralwards 
between the laj^ers of the brood ligaments. 

The uterine artcyies roach the marmns 

of the cerVix'^jn this fibrous tissue, wlule i ^ iw t 

on cither side tho ureter runs downwards m)(l forwards m it at a qisianco oi 
about 2 cm, from th^jjceryjx. Posteriorly, the .supravaginal cervix is covered ly 
peritoneum, "which is prolonged below on to tho posterior vaginal wall, whence 
It is reflected on to the I'cotum, forming tho recto-utcrinc excavation. If is 
in relation with the rectum, from which it may Ix) separated by coils of small 

The vaginal potiion^ of the cervix projects into the antci’ior w'all of the 
vagina between the vaginal forniofs. On its projecting rounded extremity, 
is a small, depressed, somewhat circular aperture, the exterml orifice oj m 
■uterus, through which the cavity of the cervix communicates with that of the 
vairina. The external orifice is bounded by two lips,^ m ahtoxior and a pustmor, 
of which the anterior ie tho shorter and thicker, although, on account of the 
slope of the cervix, it projects lower than the posterior. ]\ormally bofh lips 
are in contact with the posterior vaginal wall. ^ 

Interior of the uterus (fig. 1096).~The cavity of the uteru.s is small 

in comparison with the size of the organ. v. \ 

/Fh© cavity of the body is a mere slit, flatt^ed from before backwams. 
It is trianauhP^ hi shape, the base being formed by the internal .surface m the 
fundus the orifices of the uterine tube^, the ai^x by .the internal 

oriilo© of th® uterus ; through this orifice the cavity of the body comndunicatea 
wfth the.oiniaa of the cervix. ..... « i 

" ®ie cahht of the ccrvbc is somewhat flfttteaed from ^or© 

and broader at the middle than end. It comm^eatea 

above, throng the intmual orifice, with the cavity of tte body, and pelow, 
throtti^ the external orifice, ^rith the vaginal cavity. 



Internal 

orifice 


Externa! 

orifice 
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appearance of brancihes from the stem of a tree ; to this arrangement the 
name arbor vito^ uUri^ is applied. The folds on the two walls are not opposed, 
blit fit beCw^n one another so as to close the cervical canal. 

The total length olthe uterine cayiity from the external orifice to the fundus 
jH about " 

Ligaments. — The ligaments of the uterus are eight in number ; an anterior ; 
a ]>ostcrior ; two lateral or broad ; two literosacral ; and two round 
ligaments. 

The anieti^ ligamM consists of the vesico-uterine fold of peritoneum, 
which is reflected on to the bladder from the front of the utcnis, at the junction 
of the cervix and body. ^ 

The postfrio'r ligament consists of the rectovaginal fold of jieritoneum, 
which is reflected from the back of the posterior fornix of the vagina on to 
the front of the rectum. It forms the bottom of a deep pouch called the 
reeto-ukrine excavation (pouch of Douglas), which is bounded in front by the 


Frc. 1007. — A section through thu pelvis of a new-hom female child. 

Sonui coils of the small intestine which intorvctied botween the uterus and 
the bladder have been removed. 



))osterior wall of the uU ru.^, the supravaginal cervix, and the posterior fornix 
of the vagina ; behind, by the rectum ; and laterally by two ciesccntic folds 
of peritoneum which pass backwards from the cervix uteri on either side of the 
rectum to Iho posterior w^all of the ptdvis. The.se folds are named the sacro' 
qmital, or rexlo-uk.rive, folds. They contain a considerable amount of fibrous 
tissue and non-striped muscular fibres whicli arc attached to the front of the 
sacrum and constitute the uterosacral ligavienk. 

The two lateral or broad ligaments pass from th(^ sides of the uterus to the 
lateral walls of the pelvis. Together with the uterus they form a septum 
across the female pelvis, dividing that cavity into two portions. The anterior 
liait contains the bladder ; the posterior part, the rectum, and in certain 
conditious some coils of the small intestine. Betwx*en the tw^o layers of each 
broad ligament are : (1) the uterine tube ; (2) the round ligament of the uterus ; 
(3) the ovary and its ligament ; (4) the epoophovon and paroophoron ; (5) con- 
nective tissue ; (6) unstripc?d muscular fibres ; and (7) blood-vessels and 
ni‘rves. The portion of the broad ligament whicli stretches from the uterine 
tube to the level of the ovary is named the Between the fimbriated 

extremity of the uterine tube and the loWor at^eebment of tho-broad ligament 
is a concave rounded margin, called the infundibtdopelvU>Mgam€fU. 

The ronrul ligaments are two flattened bonds between JL0.cp[i.^and 12 , cm. in 
length, situated between the layers of the broad ligament in front of and 
below the uterine tubes. Commencing on either side at the lateral angle of 
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the uterus, each ligament is direoted forwards, upwards, and lateralw’ards over 
the external iliac vessels. It then passes through the abdominal inguinal 
ring and along the inguinal canal to the labium majus, in which it is lost. 
The round ligaments consist principally of muscular tissue prolonged from 
the uterus ; also of some fibrous and areolar tissue, besides blood-vessels, 
lymphatics, and nerves, enclosed in a dupUcatur<5 of peritoneum, wliich, in the; 
imtus, is prolonged in the form of a tubular process of Nuch) for a short t 

distance into the inguinal canal. The canal of Nuct is' generally obliterated 
in the adult, but sometimes remains pervious evctt^in advanced life. It is 
analogous to the saccus vaginalis wliich precedes the descent of the testis. 

In addition to the ligaments just described, thesro is a band named tJie lifjayncnturn 
iransvernale colli (Mackenrodt) on either side of the cervix uteri. It is attached to Uio 
side of the cervix uteri and to the vault anti lateral fornix of the viigina, and is continuous 
extemaUy with the fibrous tissue which surrounds the pelvic blood-vessels. 


109y.- vcrtii?al section through the mucous membrano of a human uterus. 

(Sobotta.) 


CUiatni v'piiluhum 



(Um)(l Stroma 


(jfhuufti 


The form, size, and situation of the uterus vary at dilfi jful periods. of life and uikIoi* 
dilTcnjnt circumstances. 

In the foeiua the uterus is contained in the abdominal cavity, pridceting beyond the 
superior aperture of the pohis (fig. 1097). The cervix is corisiderably larger than thi- 
body. ^ 

At puberty thvi uloriis ispyrif(»rrri in shape, and weighs from 11 to 17 gins. The fiindu> 
is just below the level of the superior .apei,*turo of the pelvis. Tlie palniatc fold- 
distinct, and extend to the upper part of the cavity. 

The position of the uterus in the adult is liable to considerable variation .•depending 
chiefly on the condition of the bladder and. rectum. When the bladder is empty the 
entire uterus is directed forwards, and is at the same time bent on itself at the junction 
of the body and cervix, so that th(5 body lies upon the bladder. As the latter tills, the 
uterus gradually becomes more and more erect, until with a fully distended bladder the 
fundus may be directed backwards tow'ards the sacrum. 

During menatruaiion the organ is enlarged, and more vascular, nud its surfaces are 
rounder; the external orifice is rounded, its labia sw'ollen, and the lining membrane of 
the body is thicker, softer, and of a darker colour. 

During pregnancy the uterus becomes enormously enlarged, and in the eighth xnonth 
reaches the epigastric region. The increase in size is partly duo to growth of pre-existing 
muscle, and partly to development of new fibres. 

After parturition the uterus nearly regains its usual size, w’eighing fibout 42 gm. ; but 
its cavity is larger than in the virgin state, its vessels are tortuous, and its muscular 
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layers are more defined; tlie exttjmftl erifice is more marked, and its edges present one 
or more fissures. 

In old age the uterus becomes atrophied, and palfer, and denser m texture; a more 
<listijict constriction separates the body and cervix. The internal orifice is frequently , 
and the external orifice ocQ^ionally, obliterated, while the lips almost entirely aism;mear# 
Structure. — The uterus is composed of three coats : an external or serous, a middle or 
muscular, and an internal or mucous. 

The aorpus coat is derived from the peritoneum; it invests the fundus and the whole 
of the intestinal surface of the uterus; but covers the vesical surface only as far as 
the junction oPVSSe Wody and cervix. In the lower fourth of the intestinal surface the 
peritoneum is not closely connected with the uterus, being separated from it by a layer of 
loose cellular tissue and some large veins. 

The muscular coat forms the chief l^ulk of the substance of the uterus. In the virgin 
it is dense, firm, oP a greyish colour, and cuts almost like cartilage. It is thick opposite 


h'lo. 1099.- -The arteries of the internal organs of generation of the female, 
scon from behind. (After ITyrtl.) 



the middle of the body and fundus, and thin at the orifices of the uterine tubes. It 
consists of bimdlcs of unstriped muscular fibr«;s, disposed in layers, intermixed with 
areolar tissue, blood-vessels, lymphatic vessels, and nerves. Tfie layers are three in 
nnnib(>r : external, middle and internal. The external and middle layers constitute the 
muscular cofit proper, wiiile the internal layer is a greatly hypertrophied muse ularis 
muoosap. During pregnancy the muscular tissue becomes more prominently developed, 
the fibres being greatly enlarged. 

The external layer, placed beneath the peritoneum, is disposed as a thin plant on 
the vesical and intestinal surfaces. It consists of fibres which pass transversely across 
the fundu^, and, converging at each lateral angle of the uterus, are continued on to the 
ntorino tube, the round ligament, and the ligament of the ovary : some passing at each 
4do into the broad ligament, and others running backwards from the cervix into the 
'<acro-uterino ligaments. The middle layer of fibres presents no regularity in its arrange- 
ment, being disposed longitudinally, obliquely, and transversely. It contains many 
blood-vessels. The internal layer consists of circular fibres arranged in the form of 
liufiow cones, the apices of which surround tne orifices of the uterine tubes, their 
intermingling with one another on the middle of the body of the uterus. At the internal 
orifice tbese circular fibres form a distinct sphincter. The. internal muicular layi^ is 
separated from the' muscular coat proper by. a number of largo blood-vessels lying in Wfhat 
represents a submucous coat. * * . 

The mucous membrane (fig. 1098) is smooth, and closely adherent to the suMsoont 
ti'^sue. It is continuous, through the fimbriated cxtremxtles of the uteodne tubes, V^th the 
peritonerun ; and, through the oxtomai uterine orifice, with tb<? lining of ^ - 
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ij uterus the mucous membrane is smooth, soft, of a pale red colour, 

imed by ^ju^ar c^s^ted ephhj^ , and presents, when viewed witli alens, the orifices 
lOt iiumerous tubigJatJdEfifes arranged perpendicularly to the surface. The structure of 


'the c< 
nucl^ 


differs j 


of ordinary mucous membranes, and consists ^an embryonic 
nucleated and highly cddular form of cohnectivo tissue in which run numerous large 
It are the tube-liko lined by ciliated <?ohjmnar epithelium. 

Ilicy are of small size in the unimpregnat-ed uterus, but shortly after impreguatiou 
become enlarged and elongated, presenting a cx>ntortcd or waved appearance. 

In the the inucous membrane is sharply differentiated from that of the utei’ijui 

cavity. It Is thrown into numerous oblique ridges, which diverge* frorff an anterior aiid 
posterior longitudinal raphe. In the upper two^Shirds of the canal, the mucous membrane 
is provided with numerous deep glandular. Jtflficlcs Vhicli sefirete a clear viscid. alkftUne 
rnuiips; an^ in addition, extending flirough tha whole length of the canal is a variable 
number of little c;g^s, presumably follicles wliich have become occluded and disteudod 
with retained sccrowon. They are called the osmla. Nakothi* The mucous membrane 
covering the lower half of the cervical canal presents numerous papillfe. The epithelium • 
of the upper two-thircl^ is cylindrical and ciliated, but bclo\v^this if loses its cilia, and, 
close to the mdiCrhal^orificQ, changes lo stratified squamous cpifhelinm. On the vaginal 
surface of the cervix the epithelium is similar to that lining the vagina, viz. stratified 
sqimmons. 


Vessels and Nerves.— The arfcricft of the uterus are tho uterine, from tho hypogastric : 
aud the ovarian, from the abdominal aorta (fig. 1099). They arc remarkable for their 
tortuous course in the substance of the organ, and for their frequent anastomoses. The 
t(»rinination of the ovarian ariery meets tliat of tlic uterine artery, mid forms an anaito- 
raotic trunk from which brandies are given off to supply the uterus, their disposition 
being circular. The veins are of largo size, and correspond with tho arteries. They end 
in the uterioa^leatUscs. In the impregnated uterus the arteries carry the blood to, and 
the veins convoy it away from, tho intervillous space of tho plaoonta (p. 62)*. The 
hjmphafica are described on p. 735, Tho nctVfis are derived from tho h.> ^gastric and 
ovari^in plexuses, and from the third and fourth sacral nerves. 


Applied Anatomy . — A certain nmouiii of antoversion r>r retroversion of tho uterus 
can take place without the conditions being regarded as pathological, but when the degree 
of flexion at tho junction of the body Avith the ct'rvix becomes consiilerablc it must be 
regarded as a morbid condition. This is especially true of retroversion combined with 
retroflexion. Betroversion alone is a falling back of the whole uterus, so that tho cerviv 
points upwards towards the os pubis ; rotroflexiou is a bending backwards of tho body, 
the eervix remaining in its normal position. The two i*(Hiditi-^t*s are usually combined. 
Prolapse of tho uterus is another common infirmity, Tho organ sinks to an abnormolly 
low level in the pelvis, and sometimes protrudes bej^ond the vulva. This is due to the 
supporting mechanism of the uterus being insufficient te sustain the strain thrown upon it. 

Tho uterus may require removal in cases of malignant disease or for fibroid tumours. 
Carcinoma is the most common form of malignant <iisease, of the uterus. Jt may show 
itself either as a columnar carcinoma or as a squamous carcinoma; the former com- 
mencing either in the cervix or body of t-ke utcrusi tho latter always commencing in tin* 
epithelial cells of the mucous covering of the vaginal surface of the cervix. Cancer of 
tho body qr qf the cervix may be trcateci in tho early stage, before fixation has taken place, 
by removal of the uterus, either through the vagina or by menus cd abdominal section, but 
if the body bo much enlarged tho former operation is impossible. Vaginal hysterectenn 
is now rarely performed. 

In the treatment of uterine fibroids which require operative interference, removal 
of the whole body pf the uterus, together with the tumours, with or without the cervix, 
through an abdominal incsision, gives the most satisfactory rosidts. After tho abdomen 
has been opened the ovarian vessels arc secured font* ovary at least being left, provided 
it*be healthy) and the broad ligaments are divided. Tt will now be foimd that the uterus 
can. be raised out of the pelvis, and a transverse incision is matin through tho peritoneum . 
where it is reflected from the front of the uterus on to the. back of the bladder, and this 
viscus is separated from the surface of the uterus. The uterus is now turned forwards 
and^the peritoneum of the rccto-utcrinc excavation incised transversoly. Tlie utf'rii.s is 
now almost free, and iaheld only by the lower part of the. broad ligament, on eitlier side, 
containing the uterine airtery, A ligature is made to encircle this as close to the uterus 
•as possible, the position of the ureter being always kept in mind, and, after having boon 
tiea, the ttructuics are divided between the ligature and the uterus. The bodv of the 
uterus can now be removed by, cutting it a<£70ss at its jun<!tion with the cervix, or if desired 
the vaginal wall can be incised both front and back and tho cervix removed together with 
the body/ The peritoneum is finally sewn up carefully across the floor of the pelvis, 
with a transverse line of suture from one uterine tiibc^ to the other, so as to leave no raw 
fluriaee to which small intestine can adhere- 

Inflammatton oi the cclluiar tissue surrounding the cervix occasionally takes place. 
jLaceratlbii of the cervix bj' instmmente^or by the fcetal head frequeuily o«icurs, opening 
, up the cellular planes and so exposing them to any infection that may be present. An 
infiammatory mass forms dh the celluler tissue between the layers of the broad ligament 
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or of the utorosaoral ligaments, and the condition is termed pcloic eelluliUn, or para- 
meiritU. This condition is usuellj’ eonlinod to onn side of the pelvis, forming a large 
inflammatory masa which pushes the uterus over to the opposite side. It docs not alwaja 
remain localised, however, but may spread widely, surrounding the rectum oj necK oi 
the bladder, or mounting into the iliac fossa, qr even to the perinephric cellular tissue. 
'J'he condition may resolve or an abscess may form. In the former condition the cicatrisa- 
tion of the inflammatory products produces displacements of the uterus towards the 
allected side of the pelvis, or inay result in stricture of the rectum when that viscus has 
been surrounded t^e process. ^Vhen suppuration ensues, the pus may burst into the 
bladder, vagina^ or rectum, or it may present above the inguinal ligament, 
mount to the anterior abdominal wall in front of the bladder or to the posterior abdominal 
wall between the iliac crost and lost rib. The abscess may, moreover, make its way into 
the buttock by passing out of the pelvis through the greater sciatic foramen, or it may 
pass down between the fibres of the licvator aiii and appear as a secondary ischiorectal 
abscess. 


The Vagina (fig. 1095) 

The vagina extends from tlic vestibule to tb(^ uterus, and is situated behind 
the bladder and in front of the rectum ; it is directed upwards and backwards, 
its axis forming with that of the uterus an angle of over ninety degrees, opening 
forwards. Its walls are ordinarily in contact, and the usual shape of its low'er 
part on transverse section is that of an H, the transverse limb being slightly 
curved forwards or backwards, while the lateral limbs are somewhat convex 
towards the median line ; its middle part has the ap}>earanco of a transverse 
slit. Its length is 6 era. to 7*5 cm. along itsL anterior wall, and 9 cm. ahppg its 
posterior wall. It is constricted at its comihonochieub, dilated irTTlie middle, 
and narrowed near its uterine e:,±remity ; it surrou ids the vaginal portion 
of the cervix uteri, a short distance from the external orifice of the uterus, 
its attachment extending higher up on the posterior than on the anterior 
wall of the uterus, To the recess behind the cervix the term posterior fornix 
is applied, while the smaller recesses in front and at the sides are called the 
anterior and lateral fornices. 

The anterior wall trf the vagina is in relation with the fundus of the bladder, 
and with the urethra. Its posterior -wall is separated from the rectum by the 
lecto-utcrine excavation in it® upper ^ourth, and by the rectovesical fascia 
in its middle two-fourths ; the lowt-r fourth is separated from the anal canal 
by the perinmal body. Its sides are enclosed between the Levatorcs ani 
muscles. As the terminal ])ortions of the ureters pass forwards and 
medialwards to reach the funclus of the bladder, they run close to the lateral 
fornices of the vagina, and as they enter the bladder are slightly in front of 
the anterior fornix. • 

Structure. — The vagina consists ol an internal mucous lining and a mflsc\jlar coat, 
si'paratod by a layer of erectile tissue. 

The mucouH membravc is continuous above with that lining the uterus. Its inner 
surface presents tw^o longitudinal ridges, one on its anterior and the other on its posterior 
wall. These ridges are called the columns of the from thorn numerous trans- 

verse ridges or rugae extend outwarcTs^'n'*(Sncr's These ruga? arc divided by furrows 
of variable depth, giving to the imicous membrane the appearance of being studded over 
with conical projections or papillae ; they are most numerous near the orifice of the vagina, 
especially before parturition. The epithelium of tho mucous membrane is of tho stratified 
squamous varhity. Tho mucous coat contains a number of mucQUJS .ctypts, but aA-tcue 
gjujdfl- 

The muscular coat consists of two layei'S : an external longitudinal, which is by far the 
stronger, ancl an internal circular layer. The longitudinal fibres are continuous with, 
the superficial muscular fibres of the uterus. The htrongest fasciculi are those attached 
to tho rectovesical fascia on either side. The two layers are not distinctly separable from 
each other, but arc connected by oblique decussating fasciculi, which pass from the one 
layer to the other. In addition to this, the lower end of the vagina is surrounded by a 
band of striped muscular fibres, the Svhini:l^x,,Vq^i^ (p. 476). 

External to the muscular coat is a layer of connective tissue, containing a largo plexus 
of blood-vessels. 

The erectile tissue is situated between the mucous membrane and the muscular coat; 
it consists of a layer of loose connective tissue, imbedded in which is a plexus of large 
veins, and numerous bundles of unstriped muscular fibres, derived from the circular 
muscular layer. The arrangement of the veins is similar to that found in other erectile 
tissues. 
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External Organs (fig. 1100) 

'Ku cjtternal genital organs of the female aro : the moils pubis, 
I ^ minora pudendi, the clitoris,' the vestibule of the vagina, the 

bulb of the vestibule, and the greater vestibular glands. The term ptidendum 
01 pulva, as generally applied, includes all these parts. 

The (piQUS Veneris), the rounded eminence in front of the 

pubic symphysis, is formed by a collection of fatty tissue beneath the skin. 
It becomes covered with hair at the time of puberty. 



The labia majora are two prominent longitudinal cutaneous folds which 
extend downwards and backwards from the mens pubis, and form the lateral 
boundaries of 8 fissure or cleft, the cleft or rima,^ into which the vagina 

and urethra open. Each labium has two surfaces, an outer, pigmented and 
covered ’witb,criap hairs ; and an i^er, smooth and l>eset with large sebaceous 
follicles. Between, the. two surfaces there is a considerable quantity of areolar 
tiggnSjL and a tissu^ res§ 9 ]|b^ dartos tjinic of the scrotum, besides 
ve^ls^^erves^ and gl^'^sP The labia are thicker in front, where they form 
by ffieir 'meetffig ^the labial commissure. Posteriorly they are not 

really joined, but appear to become lost in the neighbouring integument, 
endi^ close to, and nearly parallel with, each other, Together with, the 
connecting skin between them, Hhey form the posterior hhial commissure^ 
or posterior boundary of the pudendum. The interval between the posterior 
commissure and the anus, from 2*6 cm. to 3 cm. in length, constitutes the 
gjmedogical perinmum. • > 

The labia minora are two small cutaneous folds, situated between the labia 
majora, and extending from the cUtoris obliquely downwards, lateralwards, 
and backwards for ateut i cm. on either side of the orifice of the vagina, 
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between which and th$' labia majora they end; in the yirM the posterio^ 
ends of the labia minoxA are usually joined across the middle line by a fold 
of skin, named the Anteriorly, each labium 

minus diyidos into two portions : the up^r oivisidn passes above the clitoris 
to meet its fellow of the opposite side, forming a fold which overhangs the 
glans clitoridis, and is named the prmwthm clitaridis; the lower division 
passes beneath the clitoris and is unil^ra to its under surface, forming,, with 
its fellow of the opposite side, the frenulum of thUL cUtoris, On the oppos^ 
surfaces ci th<ri2lbia minora are numerous sebaceous follicles. 

The vcstibule.-^Tho cleft between the labia minora is named the vestibuk 
of the vagina:, in it are the urethral and vaginal orifices and the openings 
of the ducts of the -greater vestibular glands. The part of the vestibule betw^n 
the vaginal orifice and the frenulum of the labia consists of a shallow depression 
named the tMmcular fossa. 

The clitoris is "an erectile structure, homologous with the penis. It is 
situated beneath the anterior labial commissure, partially hidden between the 
anterior ends of the labia minora. It consists of two corpora cavernosa, com- 
posed of erectile tissue enclosed in a dense layer of fibrous ntembrane, united 
togetlier along their medial surfaces by an incomplete fibrous pectiniform 
septum ; each corpus cavomosum is connected to the pubic and ischio 1 rami by a 
crus. The free extremity, or glans clitoridis, is a small rounded tubercle, con- 
sisting of spongy erectile tissue, and highly sensitive. The clitoris is provided, 
like the penis, with a suspensory ligament, and with two small muscles, the 
Tschiocavemosi, which are inserted into the crura of the clitoris. 

The external urethral orifice is placed about 2*6 cm. behind the glana 
clitoridis and immediately in front of the orifice of the vagina ; it usualfy 
assumes the form of a short, sagittal cleft with slightly raised margins. 

The vaginal orifice is a median slit below and behind the opening of the 
urethra ; its sj/^, varies inversely with that oi the hymen. 

The hymen is a thin fold of mucous menibrane situated at the orifice of 
the vagina ; the inner surfaces of the fold are normally in ccnlrct with each 
other, and the vaghial orifice appears as a cleft between them. The hymen 
varies much in shape. When stretched, its commonest form is that of a ring,, 
generally broadest ])osteriorly ; sometimas ii^ is rejwesented by a semilunar 
fold, with its concave marj^in turned towards the pubes. Occasionally it is 
cribriform, or its free margin forms a membranous fringe. It may be entirely 
absent, or may form a complete septum across the lower end of the vagina ; 
the latter condition is known as an imperforate hymen. When the hymen 
lias been rui)tured, small rounded elevations known as the cariinculce hypienaks 
are found as its remains. 

The tulb of the vestibule is thchiomobgue of the urethral bulb and 
adjoining part of the corpus caveniosum urethrae of the male, and consists of 
two elongated masses of erectile tissue, placed one on either side of the vagmal 
orifice and united to each other in front by a naiTow median band termed the 
ivisrimdia. Each lateral mass measures about ii3klengjih. Their 

posterior ends are expanded and are in contact with the greater vestibular 
glands ; their anterior ends are tapered and joined to one another by the pars 
intermedia; their de^p surfeces are in contact with the inferior fascia of the 
nrg^Uital <iiaphragm; superficially they axe covered bv th^Bi||bpca^^ 

The greater vestibular glands (glandaotJawfltf^ 
of the bulbo-urethral glands in the male. They consist of two small, round 
or oval bodies of a re4dlsb*p^isF'^olour, situated one on either side of the 
vagina] orifice, in contact with the posterior end of each lateral mass of the bulb 
of the vestibule. Each gland opens by means of a J^ng, 

immediately laterally to the hymen, in the groove between its attached b^er 
and the labium minus. 

The 

The mammae or breasts seoivto the milk, and ^ acpessorjr glaiidB of the 
generative S3rstem, Hiey exist in the male aa w<dl a& Ip the fem«de^^but in 
the former in the rudimentaarv state. Ih the £em^e they tw btfgje 
heniispherieai eminences l^ng within, the anperfichd iaMia tm t^ feoilt ai^ 
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THB KiUfSiiE; 

58 ®® the chest ; ea^b fi^ the aecoad rikabove to the »ixih db 

*SJfi3!?> aiid ™5LiaiO!;jfe^7wie stemum to near ti^mid:a3cillary.^liaie,. In 
weight and sizetneydiSer at diSfereht ^no3s cTEferam^ individuate. 

Before puberty they are small, but they enlarge as the generative organs 
become more completely developed^ They increase during pregnancy, and 
specially after delivery, and becomeit atrophied in old age, . The left mamma 
is generally a little larger than the right. ^ The deep surface of each is nearly 
circular, flattened, or slightly concave, and has its long diauieter directed 
upwards and lateralwards towards the axilla ; it is separated from the fascia 
covering the Peotoralis major, Serratus anterior, and Obliquus externus 
abdominis by loose connective tissue. The subcutaneous surface of the 
mamma is convex, and presents, just below the centre, a small conical 
prominence, the papilla. 

The mammary papilla or nipple is a cylindrical or conical cimncnee 
situated abont-^e..Ji&v4;. pf4be te capable of 


Fig. 1101. — A dissection of tlio knYer half of tho’ mamma during the period 
of lactation. (Luschka.) 



undergoing a sort of erection from mechanical exciteinent, a chang(3 mainly due 
to tho contraction of its muscular fibres. It is of a pink or brownish hue, its 
^ surface wrinkled and provided with secondary papillos ; and it is perforated 
* by from fiftpgn tg» twenty orifices, the apertures of the lactiferous ducts. The 
base of the mammary papilla is surrounded by ail ggggfe. In the virgin the 
areola is of a delicate rosy hue ; about the second month after impregnation 
it enlarges and acquires a darker tinge, and as pregnancy advances it may 
assume a dark brown, or even black colour. This colour diminishes as soon 
as lactation is over, but is never entirely lost. Thert<3 changes in the colour 
of the areola are of importance in forming a conclusion in a case of suspected 
first pregnancy. Near the base of the papilla, and upon the surface of the 
areola, are numerous large sebacf^jaa.gllinil^^ which become 

much enlarged during lactation, and present the appearance of small tubercles 
beneath the skin ; they secrqlkA^Menulte Auhatanc^., which serves os 
the itfteSbiineiit of the papilla during act of sucking. The 
of numerous vessete,^ intermixed with plampiuscuiar 
fibres, are principally arrabgjg^ around the Jiase, 

but a fe^ fru]PX.haaev to npex, ^ 

Stnictare (figSt 1101, IKtej.-^Thfe mamma consists (a) (i) 

le, toniiectSig its lobes j and (c) tisa up in the intervals between the lobes." 
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The subcutaneous tissue o£ the mamma presents numerous irregular processes which 
project towards the skin .and arc joined to it by bands of connective tissim.* inc g^na- 
tissue, wlien freed from fibrous tissue and fat, is of a pale reddish colour, firm in texture, 
flattened from before backwards and thicker in the centre than at the circumfererice. It 
consists of numerous lobes, and these are composed of lobules, connected together by 
arcoJar tissue, blood-vessels, and ducts. The smallest consist of a clusw of 

rounded alveoli which open into tlif smallest branches of the lactiferous ducts ; these 
ducts unite to fonn larger ducts, and these end in single canals, corresponding with each 
c>f the chief subdivisions of the gland. The number of excretory ducts varies from ^toen 
to twenty; the'y'^Stre termed the iu\)uli lactifeTi, They converge towards the areola, 
beneath which they form dilatations, or arnpullie, which serve as reservoirs for the milk. 
At the base of the papilla tljey become contracted, and pursue a straight course, to its 
summit, perforating it by separate orifices considerably narrower than the ducts them- 
selves. The ducts are ooijip»'»s(;d of arcplgr^tissue containing lougitudinal>.and transverse 
elastic jOihres ; they are lined by columnar ^ithelium resting on a^ basement membrane. 
The'cpit'helium of the mamma differs according to the state of activity of the organ. In 
the glan<l of a woman who is not pregnant or suckling, the alveoli are very small and solid, 

being filled with a mass of granular 
polyhedral cells. During pregnancy 
the alveoli enlarge, and the cells 
undergo rapid multiplication. At 
the commencement of lactation, the 
cells in the centre of the alveolus 
undergo fatty degeneration, and are 
eliminated in the first milk, as 
colostrum corpuscles. The peri- 
]>!idraT cells of the alveolus remain, 
and fonn a single layer of granular, 
^hort (‘.''’uiiiaar cells, with spherical 
nuclei, lining the basemen b mem- 
brane. When the gland is active, 
oil glpbules arc found in the alveolar 
cells and are discharged into the 
lunuju, constituting ’ the milk- 
globules. When the acini are dis- 
tended by the accumulation of the 
secretion the lining epithelium be- 
comes flattened. 

The fibrous iisHue invests the mtirc surface of the mamma, and sends down septa 
between its lobes, connecting then together. 

The fatty tissue covers tlio surface of bhe gland, and occupies the ii.torval between its 
lobes. It usually exists in considers jle abundance, and dctorinines the form and size of 
the gland. There is no fat immediately beneath the areola and papilla. * 

Vessels and Nerves. — The arteries supplying tho mamma are derived from the 
tlioracic branches of the axillary, the intcrcostals, and the internal mammary. The veins 
describe an anastomotic circle round tho ooso of the papilla, called by Haller the circulus 
venosus, From this, large branches transmj^ .»h 0 blood to the circumference of the gland, 
and end in tho axillary and internal mammary veins. The lymphatics are described on 
p. 738. The neij^s arc derive I from the anterior and lateral cutaneous branches of the 
fourth, fifth, ana' sixth thoracic norvcj. 

Applied Anafomy.— TliQ ducts descending from the mammary papilla radiate through 
the gland, and when an incision is made into the breast the scalpel should be directed, 
radially, from the centre to the periphery, so that it may not pass across the ducts. A 
milk duct may become obstructed and distended, forming a tumour known as a galac- 
toccle. Abscess frequently occurs about the mamma, more often in women who are 
lacfcaiing, especially in those who have cracks or fissures about the papilla. Tlie abscess 
may be between the septa, in the gland-tissue itself, or it may lie beneath the skin by the 
side of the papilla and tsupcrficial to tho mamma, or it may form beneath the mamma, 
between it and the deep fascia. Free incision, radiating from the papilla, is required in 
such oases. 

(lystic. formation of many different kinds is commonly in the mamma; ir some 
oases it is due to dilatation of the larger ducts or of the lymph-spaces throughout the 
gland ; in others tho cysts occur in new growths of the mamma, or as the result of 
obstruction of the smaller ducte by chronic inflammatory processes. 

Malignant growtlia are eeen more often in the mamma than in any other organ ; they 
are of great variety, but the commonest is the spheroidal-celled cancer, the cells of which 
a 10 intermingled with a varying amount of fibrous tissue. A hard contracting tumour- 
mass results, which drags on the fibrous septa between the lobes so that fixation or 
retraction of the papilla ensues, and sfx>ner or later the malignant infiltration invades the 
surrounding gland-tissues, the skin, the deep fascia and PecWales, and even the chest- 
wall and pleura. The lymph-glands beneath the Peotorales and those situated towards 
the apex of the axilla become early involved with secondary malignant deposit, and later 


Fig. J102. — A section through a portion of 
the mamma. 
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the supraclavicular glands enlarge. In other cases tlio ihediastinal glands may be 
involved, when the disease is situated on the medial side of the papilla. 

The operation for removal of a mamma affected with malignant disease should bo 
an extensive procedure, with the object of exti^ating all fascial planes and Ivrnphatic 
structures that may become infected. The incision commences below, over tlie upper 
part of the sheath of the Rectus, encloses the mamma by an ellipse, and is l^ien continued 
on mwards the apex of the axilla. The skin is reflected on both sides of the Incision; 
anteriorly, till the stonium is reached, and posteriorly to the posterior boundary of the 
axilla. The origin of the sternal portion of the Pcctf>valis major is then divided and 
turned outwards. The PectoraUs minor is next seen, and its origin is then divided in a 
similar manner. The whole of the muscular and fascial planes of the front of the cheat 
are thus separated en masse ^ carrying with them the mamma and the skin covering it. 
The* insertions of tho two Pectorales have next to be divided, and finally the axillary 
lymph-glands and fat are removed from the axillary vessels in one pi('co with the mass 
of tissue already detached. This is done by first freely exposing tho whole, length of the 
axillary vein and then, with a blunt instrument, peeling the structures off the vein from 
above downwards, from the point where they are crossed by the Subclavius muscle to 
the lower border of the axilla. In this part of the operation many branches of both vein 
and artery require ligature. The only thing which then remains to be clivide(l is the dee]) 
fascia along the posterior axillary wall. The wound is then closed, drainage is provided, 
and firm pressure is ^plied with the dressings. It will be noted that the elaviculnr 
portion of the Peotorolis major is left intact, as it is of considerable service for the 
subsequent movements of the arm, the utility of which is hut slightly impaired. 


THE DUCTLESS GLANDS 

The ductless glands are secreting structures which do not possess ducts 
through which their secretions may be discharged. Thc5 materials which 
they elaborate are termed internal secretions, and are conveyed into tho blood 
by the veins or by the lymphatics. 

I ; The ductless glands consist of (a) the thyreoid, parathyreoids, thymus, 
'spleen, suprarenal glands, glomera carotica, and glomus coccygcum (which 
will be described in this section) ; (6) the lymph-glands (described in the section 
on Angiology) ; and (c) the pineal gland and hypophysis cerebri (described 
in the section on Neurology). 


/ . T\ The Thyreoid Gla.nd (tig. 1103) 

’A 

The thyreoid gland is a highly vascular organ, situated at tho front and 
sides of the lower part of the nock, oppositathciifth, sixth and seventh cervical 
v«?tebr». It is ensheathed by tho pretracheal layer of tho fascia colli, and 
consists of right and left lobes comected across tht) line by a narrow 

portion the isj^jmus. Its weight is somewhat vaBrafele, but is usually about 
30 gm. It is*^T@itly heavier in the female, in whom it becomes enlarj^ed 
duringmenatriiation and pregnancy. 

The .aj:.e conical in shape, the apex of each being directed upwards 
and lateralwards as far as the junction of tho middle with the lower third 
of the thyreoid -cartilage ; tho base looks downwards, and is on a level with 
the tft^ or jixth tracheal ring. Each lobe is about 5 cm. long ; its greatest 
widtBTis about 3 cm.7"ahff its thickness about 2 cm. The lateral or superficial 
surface is convex, and covered by the skin, the superficial and deep fascia), tho 
Stemocleidomastoideus, the superior belly of the Omohyoideus, tho Sterno- 
hyoideus and Stemothyreoideus, and beneath the last muscle by the pre- 
trache^Javoc.pf .tha deep fascia, which forms, a ca^Msule for the gland. The 
meHicA surp/ce is moulded .over the thyreoid and cricoid cartilages, the trachea, 
the Constrictor pharyngis inferior and posterior part of the Cricothyreoideus, 
the oesophagus (particularly on the left side of the neck), the superior and 
inferior thyreoid arteries, and the recurrent nerves. The posterior surface 
overlaps the common carotid artery, and, as a rule, the parathyreoids. The 
anterior border is thin, and inclines obUqualy from above downwards towards 
the middle line of the neck. 
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The uthmus comiecte together the lower thirds of the lobes ; it mea#Q^ 
about 1*25 cm. transversely, and the same vertically, and usually covers, the 
second and third rings of the trachea. Its situation and size present, howercr, 
many vaiiations. It is coven^d by the akin and fascia, and close to the middle 
line, on either side, by the Stemothyreoid^us. Across its upper border runs 
an anastomotic branch uniting the two superior thyreoid arteries; at its 
lower border are the inferior thyreoid veins. Sometimes the isthmus is 

altogether waijij/ig. . , j. i ^ 

\ third lobei of conical shape, called the pyramidxd lobe, frequently ar^s 
frcmi the iif>per part of the isthmus, or from the adjacent portion of eitb^ 


Fjg. 11 os." “The thyreoid gland and its relations.. 



lobe, but most commonly the left, and ascends as far as the hyoid bone. It is 
occasionally quite detached, or may' be divided into two or more i)arts. 

A fibrous or muscular band is sometimes found attached, above, to the 
body of the hyoid bone, and below, to the isthmus of the gland, or its pyramidal 
lobe ; when muscular, it is termed the Levator gUmdvlm ^yreoidece. 

Small detached portions of thyreoid tissue are sometimes found In the 
vicinity of the lateral lobes or above the isthmus ; they are called accessory 
thyreoid glands. 

Structure.-— The thy rooid gland i$ closely invested by a thin capsule of conncctivo tissue, 
sends incomplete septa into its substance, dividing it into masses of irregular form 
arul size. The gland is of n broivnish-red colour, and is made up of a number of closed 
Vfsicles, just visible with tlir naked eye, containing a yellow gUuvy fluid, and separated 
fr< each other by intennodiatft connective tissue (fig. 1104). 

The vesicles oi the thyreoid of the adult animal are gq^^lly closed ^berieal sacs; 
but in some yoimg animals (e.g. dogs) they are" more or less tubular fOid brmob^d* Each 
is Jiiied by a single layer of cubical epith^ium. There does not appear to be a baseiaunt 
membrane, so that the epithelial cells are in direct eontaet with the connective ti^e 
reticulum which supports the acini. The vesicles are of various sisek, and contain a 
viscid, hottjogencous, semi-fiuid, slightly yellowish, coUoid material; red corpuscles are 
found in It in various stages of disintegration and deCoibrisation, the yellow tinge 
probably due to hffimoglobin, which is set free from the coloured corpuscles, Th& collola 



THE TmBmm GLAND 1 197 

ii%teiial omtams an iodino compound, ifdcthytin, and, when coa6:ulated,by hard^^uiug 
regents, is readi^ stained by eosin and other dyes. It passes out between the cubical 
ceils and is absorbed into the bleed or lymph. 

Veiaels wd Nenrw.-— The ut^gj^supplyinc the thyreoid gland arc the superior and ^ 
inferior thyreoid arteries and TOineumes an additional branch (a. thyreoidea ima) from S 
the innominate artery or the arch of the aorta, which ascends upon the front of the 
trachea. The arteries are remarkable ibr their Iprge size and frequent anastomoses. The 
veins form a plexus on the surface of the gland and on the front of the trachea ; from this 
plexus the superior, middle', and inferior thyreoid veins arise; ilio superior and middle 
end in the internal jugular vein, the inferior in the innominate vein. The capillary' 
blood-vessels form a dense plexus in the connective tissue around the vesiefes, between 
the epithelium of the vesicles and the endothelium of the lymphatics which surround a 
groatif or smaller part of the circumference of the vesicle. The hjmuhatic vessels run in 
the interlobular conheotive tissue, not uncdmmojily surrounding the arteries which they 
accompany, and communicate with a network in the capsule of the gland; they may 
contain colloid material. They end in tlic thoracic duct and the right lympliatic trunk. 
nprves are derived from middle and inferior cervical ganglia of^the sympathetic. 

Ait^ed Anatomy » — An enlargement of the thyreoid gland is called a goitre. The 
swelling may take the form of a diffuse hypertrophy of the whole gland, giving rise to Ihc. ^ 
imrenckijmatous goitre, this being mainly due to the hyperfefophy of the thyreoid follicles 



Hieni'^clvfs; in other eases a fibroid form of goitre is produced owing to the increase in 
llie interstitial connective tissue; in others, again, the vascular cKangpS may prepon- 
derate, und many large pulsating vesstjls may be present. Much more commonly, 
however, the enlargement is due to ad^nojnatoiis new growth in the substanco of tho 
tliyreoid; these tumours are usually innocent, and Icfid to di stroy life only by pressure 
on the air-passages. A single tumour is the rule, but in some instances a very large 
number may be present. They tend to show markc<l mucoid degeneration, and so 
liccoino converted into cystadenomata, and finally into what appear tf» bo simple oysts. 
Those tumours may attain an enormo\is size and may involve practically the whole gland. 
Malignant tumour-growth more rarely attacks the organ. 

Wlien a goitre continues to grow, and especially when there are commencing 
symptoms of tracheal pressure, operative interforenre bccom^'s nccossary. This is not 
difficult, if an encapsulcd tumour is to be dealt with, provided the anatomical layers 
coveringit are remembered. In such a case it is necessary to make an incision suited to 
the size and situation of the tumour, and having divided the deep cervical fascia, to 
retract the Stemocleidomastoideus or divide it if necessary. J'ho Sternobyoideus ui\d 
Stornothyreoideus next require division, or in some cases their fibres may bo separated 
and drawn asunder, and beneath is found the ensheathing capsule derived from the pre- 
iracboal fascia; this requires division, and exposes tho true capsule of the Ihyreoid gland. 
In the ease of an adenoma or cyst, this true capsule then needs incision before the tumour 
can be affeotually shelled out, and this is usually accomplished with very little hncmor- 
rbage, and .^thout any of the main vessels of the gland requiring ligature. 

rs^al eSfirpation of the thyreoid, viz. the removal of one lateral lobe with division 
cfjfee isthmus, may be required in cases of jwenchymatous goitre, and in the diffuse 
form of adenohxatouB disease. It is a more radical proceeding, and cames with it a much 
greater risk from haamorrhage; there b also a danger of wounding tte recurrent nerve. 
Too whole gland must never be removed, as such a procedure is followed by the develop- 
ment of mys^dema. In bemithyreoidcctomy a free incision is indicated — dividing 
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muscles, if necessary — to expose the true gland capsule, but at the same time avoiding 
injury to tho largo vessels which lie beneath it. The superior and inferior pedicles con- 
taining the respective thyreoid arte ries arc then isolated and clamped on either side and 
divided between the clamps. The half gland is then turned over towards the middle line, 
and tho isthmus ligatured and divided. Some venous bleeding is apt to occur from con- 
nexions with the tracheal veins, and must be stopped. The pedicles are then securely 
ligatured and the wound closed, fn dealing with the inferior thyreoid artery, the posi- 
tion of tho recurrent nerve must bo l)ornc in mind, so as not to ligature or divide it. 
Toinporary aphonia not uncommonly follows from bruising of the nerve, an<l if nothing 
•more sorioxis has ooeurrod s^*on f)ns>5C‘s oiT. 


The Parathyreoid Gi*ani)S 

The parathyreoid glands arc small brownish-red bodies, situated as a 
rule between the posterior borders of the lateral lobes of the thyreoid gland 
and its capsule. They mcastire on an average about 6 mm. in len^h, and from 
3 mm. to 4 mm. in breadth, and usually present tho appearance of flattened 
oval discs. They arc divided, according to their situation, into superior and 
inferior. The superior, usually two in number, are the ruore constant in 
position, and are situated one on either side, at the level of the lower border 
of the cricoid caitilage, behind tho junction of the pharynx and oesophagus. 
Tho inferior, also usually two in numher, may be applied to the lower edge of 
the lateral lobes of thyreoid gland, or placed at some little distance below' the 
thyreoid gland, or found in relation to one of the inferior thyreoid veins.* 

Tn man, they number four as a rule ; fewer than four w^cre found in less 
than I per cent, of over a thousand persons (Peporc t) but more than four in 
ov(U’ .33 per cent, of 122 bodies examined by Civallcri. Tn addition, numerous 
inimite islands of parathyreoid tissue may be found scattered in the connective 
tissue and fat of the ii(‘ck round tho parathyTeoid glands proper, and quite 
distinct from them. 

Structure. — Microscopically tln' parnthyrooiM glands consist/ of inkrco.nninnicating 
columns of colls supported by connective tissue containing a rich supply of blood- 
capillaries. Most of the cells arc (*leai*. but some, Larger in size, contain oxyphil granule^. 
Vehicles containing colloid have loscribcd as occurring in the parathyrooids. 

Applied Analomy . — Xo doubt tbi parathyreoid glands produce an hdcrnal secretion 
oshrntial to the well-being of tho hiinui'' ecojiomv; but it is still a niatL(?i*of dispute? uliat 
s.>niptonis rjf <lisoaso< arc produced by their removal and suppression of their secretion. 
Pepero believes that they show signs of exceptional activity during pregnancy, and that 
parathyreoid insntriciency is a main factor in the production of tetany in infants and 
adults, of eclampsia, and of certain sorts ••'' fits. 


The Thymus (lig. 1105) 

Tho^thymus is a lom]iorarv organ, attaining its largest size at the time 
of puberty (TIaiumar), when it ct'asoa to grow', gradually dwindles, and almost 
disappears. If examined whpn its groivth is most active, it will be found 
to consist of two lateral lobes pieced in close contact along the middle line, 
situated partly in the thorax, partly in the neck, and extending from, the 
fourth costal cartilage upAvards, as high as the loAver border of the thyreoid 
gland. It is coveped by the sternum, and by the origins of tho Sternohyoidei 
and Sternothyreoidei. BoIoav, it rests upon the pericardium, being separated 
from the aortic arch and great vessels by a layer of fascia. Tn the neck it 
lies on the front and sides of the 'trachea, behind tho Sternohyoidei and 
SternothjTeoidei. Tho tAVo lobes generally differ in size ; they are occasionally 
united, so as to form a single mass ; and sometimes separated by an inter- 
mediate lobe. The thymus is of a pinkish-grey colour, soft, and lobulated 
on its surfaces. It is about 5 cm- m 4 cm. in .breil4th below', and about 

6 mm. in tliickness. At birth it weighs about ; ajl.pul)®rty, betwqj^n 

35 and 40. gm. 

* Consult an artklo by D. A. AVolsh, Journal of Anatomy and Physiology, vol. xxxii. 

^ t Consult Le Ohiandok paratirotdee, by A. Pepere, Turin, 1906. 
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Fio. 1105. — The thj'mus of a full-time- foetus, oxposod in situ. 



Fig. llOtt. — Tlic miiiuto stnicture of the t%mus. A folUclo of tho injected 
thymus of a calf, four days old. Slightly diogramnmtic. Magnified about 
oO diauioters. The large vt^sscls are disposed in two rings, one of which 
surrounds the follicle, the other lies just within the margin of the medulla. 
(Watnoy.) 



ai^'nV^Swi 54^2? thymus of a camel, ex^ned witlmut the addiUon ot any icagent. MaiimtUeci 
1 ^ ^JojQurl^s ceU. TOntalntaK small oval masses ot haunoRlobin. fiUuUar 
cells are found id the lymph^alands, spleen, and medulla of bone. b. Ctolourod blood-corpuscles. 
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Structure. — Eaoh lobe is composed of nuiixeTous 

doliciite nTQqjax tisai^ e 5 the onf li-e gbjud being eneJoscd in oftpSUJe of a similar 

but denser structure. Tbe primary lobules vary in size and are made up pf a number Of 
small nodules or fcillicles, which arc irregular in shape and are more or le^,l 4 ?P,d | 0 getAer> 
especially towards the iu^ior of the gland. Each foUiolQjg^om 1 m 

diauaeter and consists o |^ cortical and *’ ^ conneot-ive 

tissue capsule, from wmoR septa pass into its substance, but do not extend as for as the 
medullary portion of the follicle. The coftical portion^ is mainly composed of 
cytcK, supported, by,, ft, net wi ilk of fmdy .iirftn^ed colls, which is continuous with' a 
similar network in the mt'diillary portion. This network forms an adventitia -tp the 
blood-vessels. the mednlhiry pojijon tho reticuluni, is Cbftrspr than in the cortex, the 
lyrnphohLcolls are roifttivoly ftuKfi? in number, and there are found peculiar nesMike 
bodies, the concentjric^ (corpuscles of Huasall. These corpuscles are composed of „ft..co.nfeftl 
mgss, consisting of one or more* granular cells, and of a c^sule which is formed of con- 
centrically arranged epithelioid , cells (fig. 1106). Eosinophil jm(l j)olyTOrphpu^^ 
leucocytes are also found in the gland. 

Each folUcle is surrounded by a vascular. plexus, from which vessels pass into tho 
interior, and radiate from the periphery towards the-Wiwitrc, forming a^sjccpnd zone just 
within the margin of the mcdulJaiy portion. In the cemtre of tlie medullary portion there 
are very few vessels, and they are of minute size (fig. 1106^. 

AVatney observed that hremoglohin is found in the thymus, eitbor in cysts or in cells 
situated ni.'iir to, or forming part of!* the concentric corpuscles. This hromoglpbin joccurs 
ax granules or masses exactly resembling coloured blood-corpuscles. He has 

also discovered, in the lymph issuing from the thymus, similar cells to those found in the 
gland, and. like Iherui-containing hienioglobin in the form of either granules or masses. 
Evoni those facts lie arrives at the conclusion that tho gland i^ one source of the coloui*e<l 
blood-oorpuscles. More recently Schaffer has observed actual nucleated* red blood- 
corpuscles iti tlie thymus. 

Vessels and Nerves.. — The nrtafica supplying the th;vn'ms are derived from tho iuterUftl 
matnm^ry, and from the suporipjr and inferior thyr^da. The veins end in the. left 
innonijpftto vein, and in tho thyreoid veins. Tho hjmphativb are described on p. 730. 
The'lifiTros are exceedingly minute; th^y are derived from the vagi and sympathetic. 
Branches from the dcsceridens hypoglossi and phrenic reach the investing capsule, but do 
not penetrate into the s\ibstiance of the gland. 

Applied Anatomy . — Sudden death — ‘thymus death’ — ^with heart -failup, and uitli 
or without acuto respiratory embarrassment, has been recorded in a number of infants 
and children in whom the thyraus was considerably enlarged, and the lymphatic tissues 
thn^ughotit the body showed gc‘M«.ral hypertrophy, but who show'cd no other evidence of 
disease. Such deaths have often occurred during tho administration of ano'sthetics, 
particularly chloroform. Ho’vv far ohc enlarged thymus was responsible for the death 
of these patients, and, if it was responsible, how far its action was mechanical, are points 
tliat have been much disputed. Sho^o of producing this sudden death, it appears that 
thymic enlargement may cause attacks of resp’ratory stridoi, or noisy and difficult 
breathing, and spasmodic attacks of asthma — * thymic asthma ’ — ^which may bo frequently 
repeated and may oven result’ in death. Ihrimary tumours of the thymUs are rare forms 
of mediastinal new growth, and are usually sarcomas. 


I 'V The Spi.ben (Lien) 

The spleen iia situated principally in the left hypochondriac region, but 
its superior extremity extends into the epigastric region ; it lies between 
the fundus of the stomach and the Diaphragm. It is the largest of the ductless 
glands, and is of an oblong, flattehod form, soft, of very friable consistence, 
highly vascular, and of a dark purplish colour. 

Relations. — ^The dmphragniatic surface is convex, smooth and is dir^ted 
upwards, backwards, and to the loft, except at its upper end, where it is directed 
slightly mediahvards. It is in relation with the under surface of the Diaphragm^ 
which separates it from the nipth^. t<yntb, .and eleventh, ribs of the Jetisidci 
and the intervening lower border of the left lung and pleura. 

The visceral surface (fig. 1107) is divided by a ndge into an anteridk^.o]; 
gastric, and a posterior or renal portion. ' 

Tlio gasiric surface, which is directed forwards, upwards; and nl^ialwarda, 
is broad and concave, .and is in contact with the posterior wall^of the i^omach ; 
and below ithis with the tail of the ]^creas^ It prt|MitB its 
border a long fissure, termed the hilum. This isvpieroad by several in:e{;^& 
apertures for the entrance and exit of vessels and nerves.. ;^ , ^ . 

The reml surface is directed medialwards and down^a^S; It is Somewhlbt 
^ttened, is considerably narrower than the gastric sarfaoei and k in rdi^n 
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with the upper part of the anterior sui'face of the left kidney and occasionally 
with the left suprarenal gland. 

Thp e^remiiy is directed towards the vertebral column, where it 

lies on a ]$vel with the eleventh thoracio vertebra. The lower extremity or 
cohc swrjfece is flat, triangular in shape, and rests upon the left flexure of the 
colon and the phrenicocolic ligament, and is generally in contact with the tail 

^ anterw border is free, sharp, and thin, and is often 

noshed near its lower end ; it separates the diaphragmatic from the gastric 
surface. The posterior border, blunter and more rounded than the anterior, 
separates the renal from the diaphragmatic suiface ; it corresponds to the 
lower border of the eleventh rib and bos between the Diaphragm and left 


Fig. 1107. — ^The visceral surface of the spleen. 



kidney. The intennediate margin is tlio ridge which separates the renal and 
gastric surfaces. The inferior border separates the diaphragmatic from the 
colic surface. 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. Tt is held in position by two folds of this membrane. 
One, the ligament^ is derived from the peritoneum where the 

wall of the general peritoneal cavity comes into contact with the omental bursa 
between the left kidney and the spleen , the lienal vessels pass between its 
two layers (fig. 1003). The other fold, the gastrolienal ligament, is also formed 
of two layers, derived from the wall of the general peritoneal cavity and the 
omental bursa respectively, where they meet between the spleen and stomach 
(fig. 1003) ; the short gastric and left gastro-epiploic branches of the lienal 
artery run between its two layers. The lower end of the spleen is sujjported 
by the phrenicocolic ligament (p. 1096). 

The size and weight of the spleen vary at different periods of life, in different 
individuals, and^^in the same individual under different epnditions. In the 
it is usually about ISL.aRr length, XhCIU* in breadth, and 3 oy ; ^ cm. 
in thickness, md weighs abouiSW gm. The size of the spleen slowly increases 
during digestion, and varies accoruihg to the state of nutrition of the body, - 
being large in highly fed, and small in starved, animals. In malarial fever it 
is greatly enlarged, and may weigh as much as jQi^Ulos. 
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Frequently in the l^ighbourhood of the spleen, and especially in the gastro- 
lienal ligament and ^eater omentum, small cmcapanlated ilodulea. of splenic 
tis^e may be found, either isolated or connected to the spleen by thin bands 
of splenic tissue. They are known as spl^n^ 

I i 

Structure.— The spleeo is iuvostiil by two coats; un cxterngjserous and an i ntern al 
ilbro-^stio. coat. . 7 , . 

^Xho external or serous coat is derived from the peritoneum; it is thin, smooth , and lu 
the huztiau subject iiitimately adherent to the fibro-elastic coat. It invests the entire 
tngaii, except at the niluni and along the lines of reflection of the phvenicolicnal and 
gastrolienal lig- ^ent^. 

The honcfl- ptcJiiwia invests the organ, and at the hilum is reflected 

iTiwards upon the vessels in tlic. form of sheaths. From these'shcaths, as well ns from tbo 
inner surface of the tibr(»-elasUo coat, numerous small fibrous bands, trjohecuhs (fig. 1108), 
all' given off inwall directions; those unite to form the framework of the spleen, in the 
int»*r.space8 of wdiich is (‘ontained the sjileme 


Fio. 11UK.«-A IrunsveiM't srctiiai through the spleen, sl:K>wing the trabeeular 
tif.siie and flie splenic V(*in and its iributaries. 



The fibr-'ielisiic ooat, tljo slic.^tlis of the ve: 5 scls, and the trabecuhe, are composed 
of white, and yellow elastic, fibres, the latter predominating. It is owing to the presence 
of the clastic tissue that the spleen pos'sesscs a considerable amount of elasticity, which 
allows of the very groat variations in si/e that it presents under certuin circumstances; 
In addition to these constituents there is a small amount of non-strlped muscular fibre. 
In some mammals (e.g, dog, pig, and cat) the trabcculje consist chiefly of muscular tissue. 

The splenic pulp is a soft mass of a dark reddish-brown colour; it consists of a fine 
reticulum. pi -fibres, continuous with tliosc of the trabeculje, to which are applied flat, 
branpb^. cells. The inoshes of the ndiculum are filled with blood, in which, however, 
the white are found to bo in larger proportion than they are in ordinary blood. 
Large, roimdcd cells, termed are also seen; those are capajj}.^ pi aime^Kud 

iivovament, and often .contain pigSSSt^d red hloodi«aoirpuad.os in their interior. The 
colls of the reticulum each possess a round or oval nucleus, and like the splenic cells they 
may contain pigment-granules in their cytoplasm ; they do not stain deeply with carmine^ 
and in this respect diner from the cells of the Malpighian bodies. Iq the y oung SPken 
?ianJuafill9 may be found, each containing numerous ntiolei or one compouncFnu^us. 
NueWted r^4.!b}oQd^<^orpusclos have also been found in the spleen of young animals. 

Blood-w&sels' of the spleen — The lienal artery is remarkable for its largo caUbre in 
proportion to the size of the organ, and also for its tortuous course. It divides into six or 
more brauchos,' which enter the hilum of the spleen and ramify throu^| 30 ut its substance 
(fig. 1109) receiving sheaths from an involution of the external fibrouClbissue. Similar 
i^heaths also invest the nerves and veins. 

Each branch runs in the transverse axis of the organ, from within outwards, diminjfiiiM 
iag in size during its transit, and giving off in its passage smaller branches, some of w]p[bb 
]^8 to the anterior, others to the posterior part. These ultitnately leave trabeeulur 
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^heaths^ 


^1(1 termii^a^ in pjroper C!ub8tane6 of the spleen in small tufts or pencils of 
nute arterioles; open into the interstices of tho reti^uluiA formed bv the branuhei) 
'sjstentaciuar cells. ^ ^ach of the larger branches of the artery supplies chiefly that region 
ot the or^n in which tho branch minifies, Imving no anastomosis with \hc majoi^y of 


hiG. 1109. — Transverse section of the human spleen, sbowiiij^ the distribution 
of the splenic artery and its branches. 



The orUt iol eH diiler in structure from the larger nHcrial vessels in that their nui.t»r 
oll;^mphoid tissue. This coat exhibits localized splicroidal tUickenings, 
termed thft the spleen (fig. 1110). These bodies vary in size from 

about 0*25 inm. lo !rirmi.'m"diam(]tcr. Tn transverse sc'jtioiis, tho artery, in the majority 
c^^ cases, is found in an cceeniric position. The Malpighian bodies are visible to the 


Fio. 1110, — Transverse strtion of a portir>n »)1‘ ilie spleen. 



naked eye on the surface of a fresh section of the organ, appearihg as minute semi-<maqu© 
dots of a whitiA. colour in the dark substance of the pulp. The reticulum of the adenoid 
tiasu© is made up of extremely fine flbrib, and is comparatively open in the centre of the 
;l 5 > 0 d^but closer at its pjsriphery. 

The arteifoles end^ ^ opening freely into tho splenic pulp ; their waQs become much 
ettenuatedt^ey lose tneir tiibulaT cWacter, and the endothelial cells ramify^ tljeir 
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processes boicg directly coDnected with those of the reticular cells of the pulp (fig. 1111). 
Thf blood thus finds its Way into the interstices of the reticulated tissue of the splenic 
pulp. It is then collected by the rootlets of the veins, which begin much in the same way 
as the arteries end. The connective tissue corpuscles of the P^lp arrange themselves in 
rows, in such a way as to form an elongated space or sinus. They become elongated and 
spindle-shaped, and overlap each other at their extremities, and thus form a sort of endo- 
thelial lining of the path or sinus, which is the ra^iede of a vein. On the o\iter surface of 
thi'sr* cells arc seen delicate transverse lines or markings, which are due to minute clastic 
fibrils arranged in a circular manner around the sinus. Thus the channel obtains an 
extorntil investment, and gradually l)ccomcs converted into a small vein, which after a 
short course acaw-jrcs a coat of ordinary connective tissue, lined by a layer of flattened 
opithelial cells continuous with tho supporting cells of the pulp. The smaller veins unite 
t(j form larger ones; these do not accompany the arteries, but soon enter the trabecular 
sheaths of tho capsule, and by their j^inction form six or more branches, which emerge 
from tho hilum, and, uniting, constitute the lienal vein, the largest radicle of tho portal 
vein. 

The veins arc remarkable for their numerous anastomoses, while the arteries .hardly 
an.-mtomose at all. 

The lymphatics are described on p. 732. • 

The vcrces are derived from the cadiacjilgxus and are chieliy non-medullated. They 
arc ilistribulcd to the hlood-v< ssols and to the smtx)th mnscio of the capsule and trabcciilie. 


I'To. 1111.- A secUou of tho spleen, showing the termination of a small 

idood- vessel. 


IJrunfhinf/ all 


Vessel v‘nll 


nrtrry 



Vessel continuouif 
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hra7ichin(ii rdf 


Applied Anatomy , — Injury of the spleen is less common than that of the liver, on 
account of its protected situation and connexions, lb may be ruptured by direct or 
indirect violence; torn by a broken rib; or injured by a punctured or gunshot wound. 
AVhen the organ is enlarged, the chance of rupture is increased. The great risk is 
hipmorrhage, owing to the vascularity of the organ and the absence of a proper system of 
capillaries. The injury is not, however, necessarily fatal, and this would appear to be 
due, in a great measure, to the contractile power of the capsule, which narrows the wound 
and prevents the escape of blood* I??L_£asfis. where the diagnosis is clear, and the 
symptoms indicate danger to life, laparotomy must be performed, and the spleen removed. 

The spleen may become ent>rroou8ly enlarged in certain diseased conditions, such as 
ague, leukaemia, syphilis, valvular disease of the heart, or without any obtainable history 
of previous disease. It may also become enlarged in lymphadenoma, as a part of a 
g<meral blood-disease. In these cases the tumour may fill a considerable part of the 
abdomen and extend into tho pelvis, and may bo mistaken for ovarian or \iterine nevr 
growth. ' ' 

Tho spleen is sometimes the seat of cystic tumours, especially hydatids, and of abscess. 
These cases require treatment by incision and drainage ; and in abscess great care must 
be taken, if there are no adhesions between the spleen and abdominal wall, to prevent 
tho escape of any of the pus into the peritoneal cavity. 

Extirpation of the spleen has been performed for wounds or injuries, in floating spleen, 
in simple hypertrophy, in Icukaemic enlargement (but the operation is now considered 
unjustifiable in this condition), and in the case of enlargement due to certain obscure 
parasitic infections mot with in hot climates. The incision is best made in the left seiiii- 
Iimar Hue; the spleen is isolated from its surroundings and delivered from the abdomen; 
t^e pedicle is then transfixed and ligatured in tw'o portions. 
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: StJPRABENAL GjLANDS (figB, 1112, 1113) 


The suprarenal glands are two small flattened bodies of a yellowish colour, 
situated at the posterior part of the abdomen, behind the peritoneum, and 
immediately above and in front of the upper end of either kidney ; hence their 
name. They are surrounded,, by areolar tissue contaming a considerable,, 
aij^unt of fat.^ The right one is somewhat triangular in shape, bearing a 
resemblance to a cocked hat ; the left is more semilunar, usually larger and 


Fig. 1112, — The snpraTi*nal glands. Viewed from the front. 



placed at a liigher lcv(d than the right. They uu^asurc from mm. to 50 mm. 
in height ; about 30 mm. in breadth, and from 4 mm, to 0 mm. in thickness. 
Tlie average weight of each is from 3 gm, to 4 gm. 

Relations. — The right suprarenal gland is situated bcliind the inferior vena 
cava and right lobe of the liver, and in front of the Diaphragm and upper 
end of the right kidnc5\ It is roughly trianguLar in s1kii)c : its bjise, directed 
downwards, is in contact with the medial and anterior surfaces of the upper 
end of the right kidney. Its anterior surface looks forwards and lateralwards, 


1 ic;. 1113.— Tho ^uprarcnfil glauds. Viewed from bebiDd. 


Diaphrag- 
matic area 


It dial area 


RionT. 




and has two areas : a^edial, narrow and non-peritoneal, which lies behind 
the inferior vena cava ;’^and a lately, somewhat triangular, in contact with the 
liver. Th e upper part of the latter surface 4^ t and is 
in relatioiTTOH' the bare area of the liver neaFlts lower and medial angle, 
while its inferior portion may be covered by peritoneum, reflected on to it from 
the inferior layer of the coronary ligament ; occasionally the duodenuip^ 
overlaps the inferior portion. ^be apex, and. near, the, aidififfior 

'tordsr of the ^land, is a short furrow termed the bilum, from which the right 
su^^^rehal vein emerges to join the inferior vena cava. Its posterior surface 
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k divided into upper luid lower parts by a curved ridge ; the upper, ^ghtty 
convex, rests upon the Diaphragm ; the lower, concave, is in contaet with the 
upper end and the adjacent part of the anterior surface of the kidney. 

The hfl suprareml gland, slightly larger than the right, is crescentic 
in shape, its concavity being adapted to the medial border of the upper 

part of the left kidney. Its medial 
,, ,,,, . ,, , „ . border is convex, its lateral, concave; 

“« '■{■r ^ '°r' 

^ * rounded. Its anterior^ surface has 



two areas : an upper, covered by 
the peritoneum of the omental bursa, 
which separates it from the cardiac 
end of the stomach and sometimes 
from the superior extremity of the 
spleen ; and a lower, which is not 
covered by peritoneum, but is in 
contact with the pancreas and lienal 
artery. Near the lower port of the 
anterior surface is the hilum, which is 
directed downwards and forw'ards. 
From it the left suprarenal vein 
emerges to join the left renal vein. 
Its posterior surface is divided into 
two areas by a vertical ridge ; the 
lateral area rests on the kidney, the 
medial an^l smaller, on the left crus 
of the Diapliragm. 

Small accessorij suprarenals ar^*^ 
often found ijOL-the connective tissue 
rpund the suprarenals. 


Oantjfion Structure.— The eupiarcnal j^land is 

closely invested by a of connective 

tissue from which trabociih** [Vvss into the substance of the gland ; the capsule may contaiik 
smooth muscle fibr^r * On scutiop , tlie gland is seen to consist of two portions (fig, 1114) : 
ail external or cpxUcal, and an in ornal or The former constitutes the larger 

part of the organ, and is of a deep yellow colour; tne medullary sub? tanco is soft, pulpj . 
and of a dark red or brown colour. 


The cortical portion consists of a fine connective tissue network, in which is imbedded 
the glandular *epithelium. The epithelial colls ate polyhedral in shape and possess 
rounded nuclei ; many of the cells contain coarse granules, others lipoid globules. Owing 
to differences in the arrangement of tlie colls three distinct zones can be made out : (1) 
The ^onr ]flomerulo8aj situated beneath %hf capsule, consists of cells arranged in rounded 
groups, with hero and there indications of an alveolar structure. (2) The «pna Ja9ciGuLataj 
continuous with the zona glomerulosa, is composed of columns of colls arranged in a 
radial manner ; these colls contain finer granules and in ipany instances globules of lipoid 
material. (3) The irona raftcularia, in contact with the medulla, consists of cylindrical 
cdiimns of cells irregularly arranged ; these cells often contain pigment-granules which 
give this zone a darker appearance than the rest of the cortex. 

Tlie mc^uUatif portion is extremely vascular, and is composed of a nctworkwof large- 
cells , the interspaces containing large venous, j^uusoids. The cells forming the network 
are finely granular, and have on especial affinitj' for chromic salts, which stain them a 
brown colour. Such cells are therefore termed chrQmfiffilk.C6lU (p. 101). This portiqn 
of the gland is richly supplied with non-medullated nerve-fibres, and here and them 
sympathetic .gimglia are found. 

The suprarenal gland is largo in the feetus, owing to the great development of the inner 
layer of the cortex. This layer has been named the boundary zone by Elliott and Armoul:. 
ltd cells contain no lipoid granules. This zone disappears soon after birth and is absent in 
anoiiccphalous foetuses. 

In connexion with the development of the moduMa from the sympathochromaffin 
tissue, it is to be noted that this portion of the glana secretes a substance, 
which has the property of stimulating all syropa^etic nerv:e-,(?ndling§[. 

Vessels and Nerves.—The a; [terie8 su pplying the suprarAial glands are nunicraus and 
of com|»aratively largo size; thSy ttfff^erived from the aqi;{^ phren^p, ai\d 
the );enal* Ih the cortical port of the gland they break tip into cafuHan^ whiefe end in 
the sinusoids of the medullary portion: the latter open into the vein^ near the centre 
of the medulla. 
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The suprarenal vein emerges from the hilum of the gland, and on flic riglit side open 
liiforior vena cava, on the left into the renal vein. 

The lymphatics end in the lumbar glands. 

The nerves are exceedingly numerous, and are ‘derived from the cadioc and rena) 
and, according to Berginann, from the phccuianud vagus. JxervSV “They “enler 
the lower and medial part of the capsulp, traverse the cortex, and end around the cells of 
the medulla. They have numerous small ganglia developed upon them in the medullarv 
portion of the gland. 

Applied Atiato^ny . — The suprarenal vortex is derived from tlie coolomie epithelium 
of the Wolffian ridge, and is connected with the sexual glands; it is related to growth 
and development in some way, and is often found to be hypertrophied in patients with 
chronic kidney disease and high blood-pressure. The medulla, on the other hand, i'« 
neuro-ectoderm al in origin, and closely eormected with the sympathetic: nervous system. 
When the suprarenal medulla is destroyed by tuberculosis, to which the glands are prone, 
or by the pressure of a new groM'th, the secretion of adrenalin becomes inadequate, and 
Addison’s disease develops. Patients with Addison’s disease become pigineutod in 
various parts of tho body, possibly from irritatioti of the sympnthtdic, nud complain of 
great weakness, lack of energy, nausea, and severe attacks of vomiting. Their blood- 


ir’ic., 1115. — A section of a part of a human glomus caroticum. (Schuptr.) .flighl\ 
magnified. (From Qiiaiu’s Elcnients of Anatomy, Vol. IT. Pt. I.) 



Numt'TOiiK blood- vet^sels are In section nmoni; the gland-crdlB, 


pressure is low, the whole nervous system is depressed, and death follows after a period of 
months or years, usually from asthenia. Tumours derived from the suprarenal itself, or 
from misplaced suprarenal ‘ rests ’ occurring in such organs as the kidney or liver, may be 
either benign or malignant, and are classed together under the name ‘ hypernephroma.’ 
In children the malignant hypcTrnepliroxna is often associated with obesity and precocity. 
The benign hypernephroma, or suprarenal adonorna, appears produce no symptoms 
except those due to its alo^v enlargement. » 

The glomera carotica (carotid bodies), two in unml)cT, are situated 
one on cither side of the neck, behind the common carotid artery at its 
point of bifurcation into the external and internal carotid trunks. They 
are reddish-browm in colour and oval in shape?, the long diameter measuring 
about 5 mm. 

Structure.— Fjaeh glomus is invested by a fibrous capsule and consists largely of 
spherical or irregular jrn^sg^S of chromaffin oelU (fig. 1115) — tho musses being more or less 
isolated from one another by septa which cxteiul inwards from tlic det'p surface of the 
capsule. The cells arc polyhedral in shape, and each contains a large nucleus imbedded 
in finely granular protoplasm. Numerous nervjedibr9s, derived from the .aympatheti<' 
plexus on the carotid artery, ekre distributed throughout tho. organ, and a networje of large 
sinyiaoldskl capillaries ramifies amongst the cells. 

Tl^e glomus C0CC]f|^eum (coccygeal body) ia placed in front of, or 
immediately below, the tip of the coccyx. It is about 
and h irregularly oval in shape ; several smaller nodules are found aaroui^ 
or ifeu main mass. 
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Structure. — The glare us coccygeum consists of irregular masses of round or polyhedral 
colls (iig. 1116), the colls of each mass being grouped around a dilated sinusoidal capillary 
vossrl. Each fell contains a large round or oval nucleus, the protoplasm. surrounding 
which is clear and is not stained by chrnmic salts.* 


Fig. 1116. — Section of an irregular nodiilo of the glomus coccygouin. x8a. 
(Sertoli.) (From Quain’s Eleme7its of Anatomy, Vol. 11. Pt. I.) 



'Vha wjctioii ahuws the fibrous covering of the nodule, the blood- *esHt‘Is within It, ami tin 
epithelial cells cf which it is congtit«*(‘rt. 


Hesides the tiuctless glands mentioned, rcferonce may be made to a pair of Mnall 
bodies, the aortic bodies of Zuckerkandl, Those are fn\ind in the ornbrjo, and persist 
until shortly after birth; they lie out) on either side of the abdominal aorta between the 
‘superior rneseJitoric and oomiiioii iliac arteries (p. 101). They consist essentially of 
masses of polygonal or culandol c*lnv)niafliii cells iinbodded in a wnlc-ineslied enpiilarv 
plexus. ‘ ^ 


♦Consult the following article: ‘tJber die menschlicho Steissdriisr*,’ J. W. Thomson 
i'alker, Archivfnr mihroakopurhe Ana umic u?id EniwickelungiQ** 9 chicU€, Band 04, 1901. 


SIIKIWCE ANATOMV AND 
SURFACE MARKINCS 


SURFACE ANATOMY OF THE HEAD AND NECK 

Bones’'(fig. 1117). — The external occipital protuberance (inion) is situated behind, 
in the middle line, at the upp?i‘ eiid of the nucbal furrow, and the superior nuchal 
lines run latoralwards from it, one on either side. Above these lines the vault 


1117. — Si(]o viow <jf head, showing siirfeco relations of bones. 



of the cranium is so thinly covered with soft structures that the lonn of this part of 
the head Is almost that of the upper portion of the occipital, the parietal and the 
frontal bones. The superior nuchal lines run lateralwar^ to the mastoid portions 
of the temporal bones, from which the mastoid processes project downwards and 
forwards behind the auriculae. The anterior and posterior bordei>5, the apex, and 
the external stufaco of the mastoid process are available for surface examination ; 
the anterior l)order lies immediately behind the concha, and the aj)ex is nearly on 
a level with the lobule of the auricula. The transverse process of the atlas is deeply 
placed, about 1 cm. below and in front of the apex of the mastoid process. In 
front of the ear the zygomatic arch can be felt throughout its entire length ; its 
naiTOw posterior end is situated a little above the level of the tragus ; its broad 
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anterior end is continued into the zygomatic bone. The upper border of the arch 
is less distinct than the lower, but can be followed into the superior temporal Une, 
Anteriorly, this line begins at the zygomatic process of the &ontal bone as a curved 
ridge which runs at first forwards and upwards ana then backwards on the frontal 
bone, separating the forehead from the temporal fossa. It then crosses the parietal 
bone, where, though less marked, it can generally bo recognised. Finally, it curves 
downwards and forwards, and, passing above the opening of the external acoustic 
meatus, ends in the posterior root of the zygomatic arch. 

Near the line of the greatest transverse diameter of the head arc the parietal 
hiberositieSf oiie'W either side ; further forwards, on the forehead, are the frmlal 
tuberodties, which vary in prominence in different individuals and are sometimes 
unsymmetrical. Below the frontal tuberosities arc the superciliary arches, which 
indicate the position of the frontal sinuses ; they are absent in infancy, and are, 
as a rule, small in the female. In some cases the prominence of these arches is 
related to the size of the frontal sinuses, but frequently there is no such relationship. 
Between the superciliary ridges is a smooth, somewhat triangular area, the glabella, 
and below this is the uasion or frontonasal suture. 

Below tlie nasion the nasal hones, scantily covered by soft tissues, can be traced 
to their junctions with the nasal cartilages, and on either side of the nasal bones 
the complete outline of the orbital margin can be made out. At the junction of 
the medial with the intermediate third of the supraorbital margin the supraorbital 
notch, when present, can be felt ; near the medial end of the infraorbital margin is a 
little tubercle which serves as a guide to the jjosition of the lacrimal sac. Below 
and lateral to the orbit, on either side, the zygomatic bone forms the prominence 
of the cheek ; its posterior margin is easily felt, and on it just above the level of the 
lateral pal^jehral commissure is the zygomatic tubercle, A slight depression, about 
I cm. above this tubercle, indicates the position of the zygomaiicofronial suture. 
Below' the orbit a considerable part of the anterior surface, and the whole of the 
alveolar process, of the maxilla, can be palpated. Almost the entire outline of 
the mandible can be recognised ; the condyle lies in front of the tragus and below 
tlie zygomatic arch, and from it the posterior border of the ramus descends to the 
angle ; from the angle to the symphysis the lower rounded border of the body 
of the bone is readily traced ; the lower part of the anterior border of the ramus 
and the alveolar process can be made out without difficulty. In the receding 
angle below the chin is the hyoid hone, and the finger can be carried along the bone 
to the tip of its greater cornn, which is most readily appreciated by making pressure 
on one side of the bone, when the cornu of the opposite side is rendered prominent 
beneath the skin. 

The transverse processes of the first, sixth, and seventh cervical vertebrje can 
be felt. That of the first is about 1 cm. below and in front of the mastoid process 
of the temporal bone ; that of the sixth is opposite to, and that of the seventh 
a little below', the cricoid cartilage. 

Joints and muscles*- -The temporomanAihular articulation is superficial and is 
.situat^'d below the posterior end of the zygomatic arch, in front of the external 
acoustic meatus. Its lAisition can be ascertained by defining the condyle o! the 
mandible ; when the mouth opens, the condyle advances out of the mandibular 
fossa on to the articular tubercle of the temporal bone, and a depression is felt in 
the situation of the joint. 

With the exceptions of the Masseter and Temporalis the outlines of the muscles 
of the head and face cannot be traced on the surface. The Masseter impaits fulness 
to the hinder part of the check ; if firmly contracted, as when the teeth arc clenched, 
its quadrilateral outline is plainly visible ; its anterior border forms a prominent 
vertical ridge, behind which is a considerable fulness especially marked at the 
lovrer part of the muscle. The Temporalis, a fan-shaped muscle, fills the temporal 
fossa, and stands out in strong relief when in action. The muscles of the scalp 
are so thin that the contour of the skull is perceptible beneath them. Those of 
the face are small, covered by soft skin and often by a considerable layer of fat, 
and their outlines are therefore concealed ; they serve, however, to roimd off and 
smooth prominent borders, and to fill up what would otherwise be unsightl}’ angular 
depressions. Thus the Orbicularis ociUi rounds off the prominent margin of the 
orbit, and the Procerus fills in the sharp depression below the glabella. In like 
manner the labial muscles, converging to the hps, and assisted by the aupesimposed 
fat, fill up the sunken hollow of the lower part of the face. When in action the 
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facial muscles produce the various expressions, and in addition throw the skin 
into numerous folds and wrinkles. 

By the contraction of the Platysifm the skin of the neck is thrown into oblique 
ridges parallel with the fasciculi of the muscle. The S(cniocleido}msi<^eus has 
the most important influence on the surface form of the neck (figs. 1118, 1119). 
When the muscle is at rest its anterior border forms an oblique lounded edge ending 
below in the outline of the sternal head ; the posterior border is only distinct for 
about 2 cm. or 3 cm. above the middle of the clavicle. When the muscle is con- 
tracted, the sternal head stands out as a sharply defined ridge, while the clavicular 
head is flatter and less prominent ; between the two heads is a slight depi’t»ssion. 
The middle portion of the muscle appears as an oblique elevation with a thick, 


Fig. 1118 . — .\nterolat-cral view of head and neck. 
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anterior border, best marked in its lower part. The stenial heads of the two muscles 
are separated by a V-shaped depression (jugular notch) in which are the Sterno- 
hyoideus and Sternothyreoideus. 

Above the hjroid bone, near the middle line, the anterior belly of Dufustricus 
gives rise to a slight convexity. 

The anterior border of the Trapezius produces a faint ridge running doivnwards 
and forwards from the superior nuchal line to the junction of the intennediate 
with the lateral third of the clavicle. Between the Sternocleidomaatoideus and 
the Trapezius is the posterior triangle of the neck, the lower part of which appears 
as a shwow concavity — the supraclavicular fossa. In this fossa, the inferior belly 
of OmohyoHms^ when in action, causes a cord-like elevation a little above and 
almost parallel to the clavicle. 

ArfalUfiea^ — The positions of several of the larger arteries can be ascertained 
from their pulsations. 

The smdmian artery is felt on making pressure downwards, backwards, and 
medialwards l^hind the lateral margin of the clavicular head of the Stemocleido- 
mastoideus ; its tratisverse cervical branch may be detected parallel to, and about 
a finger’s breadth above, the clavicle. The common and external carotid arises 
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fan be recognised immediately beneath the anterior edge of the Stemocleido- 
mastoideus, and the external maxiUary artery traced over the inferior border of the 
mandible at the anterior edge of the Maaseter. The pulsation of the occipital artery 
jnay be felt about 3 cm. or 4 cm. laterally to the external occipital protuberance, 
and that of the posterior aurkular in the groove between the mastoid process and 
the auricula. The course of the superficial temporal artery can be readily followed 
upwards across the posterior end of the zygomatic arch to a point about 4 cm. 
above the arch, where it divides into its frontal and parietal branches ; the pulsation 
of the frontal branch is frequently visible on the side of the forehead. The supror 
orbital artery tab usually be detected immediately above the supraorbital notch 
or foramen. 

Larynx and Trachea.' Jn tlie receding angle below the chin, the hyoid bone 
(p. 1210), situated opposite the lower part of the third cervical vertebra, can easily 


Fui. 1119. — Front view of neck. 
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be iriade out. A fingerVbrcadth below it, is the laryngeal prominence (pomum 
Adiimi) of the thyreoid cartilage ; the space between the hyoid bone and the thyreoid 
cartilage is occupied by the hyothyreoid membrane. The outlines of the al® and 
coL-mui of the thyreoid cartilage are readily palpated ; below tliis cartilage is a 
<lepression corresponding to the middle cricothyieoid ligament. The leverof the 
vocal folds (true vocal cords) corresponds to the middle of the anterior margin 
of the thyreoid cartilage. The anterior part of the erkoid jcartiJage forms an 
important landmark on tlie front of the neck ; it lies opposite the sixth ceryicjil 
vejrtebva, and indicates the junctional of the pharynx yvfth the oesophagus, and 
o1 the larynx with tlie trachea. Below the cricoid cartilage the trachea can be 
felt, but only in thin subjects are its rings distinguishable ; as a rule there are 
seven or eight rings above the jugular.notch of the sternum, and of these the second, 
third, and fourth are covered by the isthmus of the thyreoid gland. The normal 
thyreoid gland cannot be felt. 

Submuillary gland.— On either side of the neck the superficial portion of the 
submaxillary gland, as it lies partly under cover of the body of the mandible, 
can be palpated. 
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The CuANir.M 

Scalp.— The soft parts covering the upper surface of the skull form the scalp 
ar.d comprise the following layers (fig. 1120) : (1) skin, (2) subcutanoous tissue, 
(3) Occipitalis, Frontalis, and galea aponeurotica, (4) subaponeurotic tissue, 
(5) peiicraniur^. The subcutaneous tissue consists of a close incshwork of fibres, the 
meshes of which contain fatty tissue ; the fibres bind the skin and galea apoueurot iea 
firmly together, so that when the Occipitalis or the Frontalis is in action the skin 


Fig. 1120. -Difigraiomatic sectiou of scftlp. 
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moves with the aponeurosis. The subaponeurotic tissue is much looser in texture, 
and permits the movement of the galea aponeurotica over the underlying peri- 
cranium. 

Bony landmarks (tig. 1117). — In addition to the bony points already described, 
wJiich can be determined by palpation, the following arc utilised for surface 
markings : 

Aster ion . — The point of meeting of the lambdoidal, niasto-occipital, and inasto- 
parietal sutures ; it lies 4 cm, behind and 12 mm. above the level of the 
auriqular.point. 

Auricular point . — The centre of the orifice of the external acjoustic meatus. 

Bregma . — ^The meeting-point of the coronal and sagittal sutures ; it lies at 
the point of intersection of the middle line of the scalp with a line drawn 
vertically upwards through the pre auricular point. 

Lambda . — The point of meeting of the lambdoidal and sagittal sutures ; it is 
in the middle line about 6*5 cm. above the inion. 

Pre-auricular point . — A point on the posterior root of the zygomatic arch 
immediately in front of the orifice of the external acoustic meatus. 

The point where the great wing of the sphenoid joins the sphenoidal 
angle of the parietal ; it is situated mm. behind, and 12 mm. al>ove, 
the level of the.frontozyaojpitic suture. 

A line passing through the inferior margin of the orbit and the auricular point 
is known as The lambdoidal suture is indicated by the upper 

two-thirds of anro^^SflffiglEne lambda to the tips of the mastoid processes. The 
sagittal suture is in the line joining the lambda to the l^egma. The position of 
tlie coronal suture is represented by a line connecting theuregma with the centres 
of the zygomatic arches. 
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The floor of the imddle fossa of the skull is at the level of the posterior three- 
fourths of the upper border of the zygomatic arch ; the articular eminence of the 
temporal bone is opposite the foramen spinosum and the semilunar ganglion. 

Brain (figs. 1121, 1122). — The general outline of the cerebral hemisphere^ on 
<‘itlier side, may be mapped out on the surface in the following manner. A line 
drawn from the nasion along the middle of the scalp to the inion represents the 
MipeiioT border. The line of the posterior part of the lower border is that of the 
transverse sinus (p. 1216), or mojt; roughly a line convex upwards from the inion 
to the posterior root of the zygomatic process of the temiwral bone ; thence along 



the jH)sf.eiior two-thirds of the upper border of the zygomatic arch and then upwards 
to the pterion ; the anterior part of the lower border extends from the pterion to 
the glabella about 1 cm. above the supraorbital margin. The oer^llum is so deeply 
situated that there is no satisfactory surface marking for it ; a point 4 cm. behind 
and 1*5 cm. below the level of the auricular point is situated directly over it. 

The relations of the principal fissures and gyri of the cerebral hemispheres to 
tin' surface of the scalp ate of practical importance, Ind several methods of 
indicating them have been devis^. These methods are only approximately 
correct, but are sufficiently accurate for surgical purposes. The loingitvMnal 
fissure corresponds to the median line of the scalp between the nasion and inion. 
To mark out the lateral cer^ral {Sylvian) fissure a point, termed the Sylviai^ wint. 
which corresponds to the pterion, is dewed 35 mm. behind and 12 mrnT above 
the level of the frontozygomatic suture ; this j^int marks the spot where the lateral 
cerebral fissure divides. Another method of aefining the Sylvian point is to divide 
the distance between the nasion and inion into four equal parts ; from the junction 
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the third with the fourth part, (reckonmg from the front) draw a lino 
frontozygomatic suture ; from the junction of the first with the second pa . # 
line to the auricular point. These two linos intersect at the bylvian 
the portion of the first line behind this point overlies the posterior ramus ot ^ 
lateral cerebral fissure. The position of the yosUixiov ramus can also bo obtainea 
by joining the Sylvian point to one 2 cm. below the sunuiut of the parietal tubeiositj. 
The anterior ascending ramus is marked by drawing a line upwar^ at nglit angles 
to the line of the iiosterior ramus for 2 cm., and the anterior horizontal ramus 
by a line of the same length drawn horizontally forwards — both from the i.ylvian 
point. To deIBne the c&drair sulcus (fissure of Eolando) t^o poiiils are t.iken ; 
one 1-25 cm. belwidJibe- centre of the line joining Uift iiasion ..and unon ; tin* o^hei 


Fui. Relations ot tlio hriiiii iiiul iiiiddl.' rneningoal urtery to the 

siirfa<‘o ot tlio skull. 



at the intersection of the line of the posterior ramus of the lateral mebral lissuie 
with' a line 1111011^ the pre-auricular point' at right angles to Eeids b^-Un^ 
The" upper 9 cm. of the line joining these two points overlies the central su eu 
and S: an angle, opening forwa^ «f «bout 70' with the m>ddlo line of the 
.scalp. An altenmtive^^method is to draw two perpendic^ar lines 
base-Unc to the top of the head ; one from the pre-auncular point and 
from the posterior border of the root of the mastoid process. A 1*^ the 
upper end of the posterior line to the iioint where the anterior intersects the line 
oAhe posterior rLus^of the lateral fissi^ indicate.s the po^on of he w^ral 
sulcus. The preoenfrul and fostcentrd 
sulcus, and ate situated about 16 mm. m front of. ana 
The suWTUyr fi(ifiUA*$ulc^ is indicat-ed by a line diawu from h j 
upper Sthe middle thiid of the precen^ sulcus, in 
tfe^ngitudinal sulcus, to a point mid^y between the mddle Ji?® 
and the temporal line, 4 cm, above the supraorbital notch, tnfenor }ro^ 
sulcus be^ns^t the junction of the middle with the lower third of the piecentra 
sulcus, and follows the course of the superior temporal line. 
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Tlie horizontal limb of the intrajxtriefal stdcus begins at the junction of the 
lower with the imddle third of the postcentral sulcus and curves backwards parallel 
Ut the longitudinal fissure, midway between it and the parietal tuberosity ; it 
then curves ^wnwards to end midway between the lambda and the parietal 
tuberosity. The external part of the jxirieto-ocdpital fissure runs lateralwards at* 
right angles to the longitudinal fissure for about 2 ‘5 cm. from a point 5 mm. in 
front of the lambda. If the lino of the posterior ramus of the lateral cerebral 
hssure be continued back to the longitudinal fissure, the last 2*5 cm. of it will indicate 
ihe^posinccrbf the parieto-occipital fissure. 

Ihe late^.s)entnde may be circumscribed by a^quadrilafcral figure. The upper 
Ji^t IS a horizontal line 6 cm. above the zygomatic arch ; this defines the roof 
oi the ymtncle. Ihe lower limit is a horizontal line 1 cm. above the zygomatic 
the level of the end of the inferior cornu. Two vertical lines, 
one thrimgh the junction of the anterior with the middle third of the zygomatic 
other 5 cm. behind the tip of the mastoid process, mdicate the extent 
ot the anterior cornu in front and the posterior cornu behind. 

Vessels.-— Ihe anterior division of the middle meningeal artery crosses the inner 
surface of the sphenoidal angle of the parietal bone at a point 4 cm. behind the 
fiontozygomatic suture and 4*5 cm. above the zygomatic arch. The posterior 
division can be reached 2*5 cm. above the auricular point. 

Tlw position of the transverse sinus is obtained by taking two lines : the first 
worn the imon to a point' 2*5 cm. behind the auricular point ; the second from 
the anterior end of the first to the tip of the mastoid process. The second line 
corresponds roughly to that of the refiection of the skin from the cranial surface 
Oi: the auricula, and its upper two-thirds represents the sigmoid part of the sinus. 
lh(» first part of the sinus has a slight upward convexity, and its highest point 
IS about 4 cm. behind and 1 cm. above the level of tht 3 auricular point. The mdth 
oJ tJie sinus IS atiout 1 cm. 


.7. '-'"'"••tv Wi. 

position of froiitiil 8iif1 iim' linn liniisrs. 


Tick Fai’K 

Air-smi^ (fig, 1123).— The frontal and maxillary sinubos vary so greatly in 
form and. size that their surface markings must be regarded as only approxinnito. 

i.-i,v 110-1 /I ti- ti. . position of the 

no. 112.1.— Outliiu- otbovi^sof fac-,t.)>.)\iiii^r frontal sinvs three points are taken: 

nif niff nr\ uasion, a second in the 

middle line 3 cm. above the nasion, 
and a third at the junction of the 
^ateral with the intermediate third 
of the supraorbital margin. By 
joining these a triangular field is 
described which overlies the greater 
part of the sinus. The outline of 
the maxillary sinus is irregularly 
quadrilateral and is obtained by 
joining up the following points : (1) the 
lacrimal tubercle, (2) a point on the 
zygomatic bone at the junction of 
the inferior with the lateral margin 
of the orbit, (3) and (4) points on 
the alveolar process al^ve the last 
molar and the second premolar teeth 
respectively. 

External maxillary artery.— The 

course of this artery on the face 
may bo indicated by a line starting 
from the lower border of the 
mandible at the anterior margin of 
ihe Masseter, and running at first for- 
wards and upwards to a point 1 cm, 
laterally to the angle of the mouth, 
thence to the ala of the nose and 
upwards to the medial commissure 
of the eye (fig. 1124). 
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Trigeminal nerve*-— The aupratiochlear nerve crossca the supraorbital . margin 
. a»3out 1 cm. from the. middle line. The supraorhitah infraoroital, and mental 
branches of the trigeminal nerve emerge from the corresponding foramina on the 
facc,J[fig. 1124). The supraorbital foramen is situated at the junction of the medial 
with the intermediate third of tlie supraorbital margin. line ,draAyp /rpm 

foramen to the lower, border of the luandiblo, through the intcicYal between 
the 4ower raemdar .teetb« passes over the infraorbital and mental foramina: 
the former lies about 1 cm. below the 

margin of th^ orbit, while the latter 1124. — Outline of side of face, sliowing 

vanes m position according to the chief surface markings, 

age of the individual; in the adult 
it is midway between the upper and 
lower borders of the mandible, in the" 
child it is nearer the lower border, 
while in the edentulous jaw of old age 
it is close to the upper margin. 

The ijosition of the ^henopalatine 
ganglion is indicated from the aide by 
a point on the upper border of the 
^zygomatic arch, 6 mm. from, the 
teniporal border of the zygomatic bone. 

The forapicnj^yd which is the guide 
to the semilunar ganglion, lic ^ o pposite 
t he antcrior- boider ot the neck of the 
mandible. 

' Ihirotid gland (fig. 1124). --The 
upper border of the parotid gland 
corresponds to the posterior two-thirds 
of the lower border of the zygomatic 
arch ; the posterior border to the 
front of the external acoustic meatus, 
the mastoid process, and th^ anterior 
liordcr of ' Sternocleidomastoideus. 

The inferior border is indicated by a 
line from the tip of the mastoid 
process to the junction of the body 
and greater cornu of the hyoid bone. 

In front, the anterior border extends 
for a variable distance on the super- 
ficial surface of the Masseter, The surface marking for the 'parotid duct is a line 
drawn across the face about a finger^s breadth below the zygomatic arch, i.c. ttom 
tlie Ipwci .margin oi the concha to midway between the red margin of the lip and 
the aja pf the^npse; the duct ends opposite the second upper molar tooth and 
measures about 5 cm. in Icngtli. 

Thk Nose 

The outlines of the nasal bones and the cartilages forming the external n<»8e 
can be easily felt. The mobile portion of the nasal septum, formed by the medial 
crura of the greater alar cartilages and the skin, is easily distinguished between 
the nares. When the head is tilted back and a speculum introduced through 
one iiaris, the floor of the nasal cavity, the low'or part of the nasal septum, and 
the anterior ends of the middle and inforioi nasal conchco can be examined. The 
op^pi^g pf the which lies under cover of the front of the inferior 

nasal concha, is situated abQi;i^ 2*5 cm. ,bpb;ind the uaiis and 2 cin, above th^o floor 

The Mouiir 

The onfice of the mouth is bounded by the lips, and its angles usually correspond 
to the borders of the panine teeth. In the middle of the outer surface of the 
upper lip is a shallow grppv er=--the philttuin. When the lips ate everted, di small fold 
ol mucous membrane, termed the i^nulum, is seen in the middle line of each, passing 
from the lip to the gum. By puDing the angle oi the mouth outwards the mucous 

C.A. . 4u 
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jnembrana of the cheek can be inspected, and on this, opposite the second upper 
molar tooth, is the little papilla which marks the orifice of the parotid duct. 

The upper surface of the tongue (fig. 1125) is convex and marked in tlie middle 
line by a shallow sulcus ; its anterior two-thirds are rough and studded with papillag ; 
its posterior third is smootlier and contains many muciparous glands anddymph- 
follicles ; it is much more sensitive than the anterior papillary part. These two 
parts are separated by a V-shaped furrow, the sulcus terminalis, which is situated 
iminediatelyhehind the papillae vallatfo. 


Fio. 1125. — The mouth-cavity. The cheeks have been slit transversely and 
the tongue pulled forwards. 


Ptiaryngopalatine arch 



The mucouK membrane on the under surface of the tongue (fig. 1126) is smooth 
and devoid of papillsK. In the middle line it extends to the floor of the month 
as a fold— the frenulum- the free edge of which runs forwards to the symphvsis 
nienti. The ranine veins are seen immediately beneath the mucous niembrano 
on eitlmr side of the frenulum. On either side of the attachment of the frenulum 
to the floor of the mouth is a papilla on which the slit-like orifice oi theaubmaxiUarv 
Opet IS seen. Running backwards and lateralwards from the orifice of the sub'- 
maxillary duct is the pto sublingualis, produced by the upward projection of the 
suhlingual gland which lies immediately beneath* the mucous membrane. The 
piic»a bnguahs serves also tpJpdicate,.tho lines .oi.theaubxQa;!ul)ai 7 duct and iingual 
n^rye-; they he on the medial aide of the gland. At the back of the mouth is 
the isthmus fauemm, bounded above by the palatine velum, from the free margin 
of which the uvula projects downwards in the middle line. On either side of the 
istlimua are the two palatine arches, the anterior formed by the Glossopalatinua 



and the posterior by the Pha: 
side is the palatine tonsil, with 


Fig. 1126. — The mouth cavit- 
the right side a supcrfici« 


Anterior Ungual f 

Lingual run i ^ 

ArUrlri jnofunila Ungtnr 
I'ewt, comitnns hypoglut^^i-^. 

Long it udinaUs infer to IS 



\ 
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upper molar tooth is the^rg^ter through which the greater palatine 

vessels and the anterior palatine nerve emerge. Behind the third upper molar 
tooth the coronoid process of the mandible is palpable. 

By tilting the head well back a portion of the posterior pharyngeal wall, 
corresponding to the level of the second and third cervical vertebrje, can be seen 

Fig. 1128 . — l.ur^\ngoscopic vitiw o£ iiitc'rior o£ larynx. 

Mfdian gloaso-epifflottir johjp 
Epiglottis 

Tubercle of ipiglottis 
Vocal fold 

V entricular fold 

I ri/t2>iglottic fold 
Cuneiform cfirtHage 

Comiciilate cartilage 

'‘trachea 



t}irouf?h the isthmvis fauciiini. 0?i introducing the finger the antejior .suifeu'ca 
of the upper cervical vertebra} can be felt through the thin muscular wall of the 
pharynx ; if the finger he hooked round the palatine velum, the choanje, the jK)sterior 
ends of the middl,e and inferior nasal conchae, and the pharyngeal o#tia of the 
auditory (Eustachian) tubes can be distiuguislied. tljo ^hpana? is tjuit. 

at the. .while the, .palatin,a.velum in opposite the body of the epktrophcus. 

With the laryngoscope tue following structures can be seen. In the nasal part 
of the pharynx (fig, 1127), tin* choan*^^, the nasal soptuin and concha>, and the 
pharyngeal ostia of the auditoiy tubus can he examined. Fai l her down ai e the base 
of the tongue, the anterior sur.icc of the epiglottis with tlic medial and lateral 
glosso -epiglottic folds bounding the valleculae, and the pyriform sinuses. Beyond 
these is the entrance to the larynx, bounded on either side by the aryepiglottic folds, 

\n each of which arc two 
Kio. 1121'.-- Front of loft .'v.' w itli e^ olid.** * ^paratod t* rounded eminences corre- 
sponding to the corniculate 

and cuneiform cartilages. 
Within the larynx (fig. 1128) 
on either side are the 
ventricular and vocal folds 
(false and true vocal cords) 
with the ventricle of the 
lar)mx between them. Still 
deeper, the cricoid cartilage 
and the anterior parts of 

some of the cartilaginous 

rings of the trachea are 

visible, and sometimes, 

during deep inspiration, the 
bifurcation of the trachea. 

Tub: Eye 

The palpebral fissure is* 
elliptical ifi shape, and varies 
in form and size in different individuals and in diSeient races of mankind; 
normally it is oblique, in a direction upwards and lateralwards, so that the lateral 
commissure is on a slightly higher level than the medial. When the eyes are 


riliow structiin*.s nt Divdinl comirus.miro. 


P^nictvm laerhnale 

Plica fffmiluiiaris 

Cantiunila i 

Pvnetum laenmale 

Openings of tarsal . 
glands 
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directed forwards as in ordinary vision the superior part of the cornea is covered 
by the upper eyelid and its inferior margin is on a level with the free margin of 
the lower eyelid. . 

At the media] commissure (fig. 1129) are the oarunctila lacvimalis and the plica 
semilunaris. When the lids are evci*tod, the tarsal glands appear as a series of 


Fig. 1130. — Tlio intorior of tho posterior half of the liM't l U'lmll. 



vertical parallel rows of light yellow granules. On the margins of the lids about 
5 mm. from the medial coinmissnve are the puncta laerimaUa ; in the natural con- 
dition they are in contact witli the conjunctiva of the bulb of the eye, yo that it 
is iieo'^^ssary to evert the eyelids to expose them. The lacrimal sac lies immediately 
above and medially to a small tubercle which can be plainly felt on the inner 
part of tlie lower margin of the orbit. If the eyelids be. drawn lateralw’^ards a 
prominent cord, the medial pal])ebral ligament, can be felt beneath the tightened 
skin at the medial commissure ; it crusse.s in fit>nl 

and a little al)ove tlie middle of the lacrimal sac, auricula or 

and forms a useful guide to it. The direction of ^Mnua. Latcual ,‘5urfne<\ 
the nasolacrimal duct is indicated by a line from 
the lacrimal sac to the first u|>pi‘r molar tooth ; the 
lengtli of the duct is about 18 mm. 

On looking into the eye, the iris with its opening, 
tlie pupil, and the front of the lens can be examined, 
but for investigation of the retina an ophthalmoscope 
is necessary. With this instrument the Ions, the 
ve.^isels of the retina, the optic disc, and the macula 
liitea can all be inspected (fig. 1130). 

On the lateral surface of the nasal ^lart of the 
frontal bone the pulley of the Obliquus superior 
can be easily reached by pushing the finger back- 
wards along the roof of the orbit ; the tendon of the 
muscle can Iks traced for a short dustance backwards 
and lateralwards from the pulley. 

Thk Eak 

The Various piominences and fossin of the auricula 
(pp. 978 to 981) are visible(figi 1131). Hie orifice of the 
external acoustic meatus is exposed by drawing the tra'^us forward.- ; at the orifice 
are a few short crisp hairs which serve to prevent the entranc'e of dust or of small 
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THE NECK 

In children the meatus is very short, and this should be remembered in introducing 
n s{>eciilum. 

Through the speculum the greater part of the tympanic uiembrane (fig. 1132) 
IS visible. It is a pearly-grey, slightly glistenixig membrane ; in the adult it is 
placed obliquely so as to form with the floor and with the anterior wall of the meatus 
an angle of about fifty-five degrees ; ■ at birth it is more horizontal vind situated 
ill almost the same plane as the base of the skull. The membrane is concave out- 
wards, and the point of deepest concavity is a little below the centre. Running 
upwards and slightly forwaris from this point is a reddish-yellow streak produced 
by the maniArium of the malleus. This streak ends above near the roof of the 
meatus at a small white rounded )>i‘ominence which is caused by the lateral process 
of the malleus projecting against the membrane. The anterior and ]_> 08 terior 
malleolar folds extend from the prominence to the circumference of the membrane 
and form the lower boundary of the pars flaccid a of the membrane. Behind the 
streak caused by the manubrium of the malleus a shoi*tcr and fainter streak can 
sometimes be distinguished ; this is the long crus of the incus. A narrow triangular 
patch extending downwards and forwards from the lower end of the manubriunr 
mallei reflects the light more brightly than any other part, and is usually dcsciibed 
as the cone of light. 

TymiM^c antrum.-' "The site of the tympanic antrum is indicated by the supra- 
meatal triangle (fig. 1133) which is bounded above by the posterior root of the 
zygomatic arch, behind by a vortical line from the posterior lx)rder of the bony 
external acoustic meatus, in front and below by the upper margin of the meatus. 


Thk Neck (tig 1134) 

Muscles. — The posterior belly of the Di^gastricua is marked out by a line froui 
the tip of the mastoid process to the junction of the greater cornu and body of tin* 
hyoid bone ; a line from this latter point to one just laterally to the symphysis ment i 


Fig. 1134. — Side of neck, showing chief surface markings. 
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indicates the position of the anterior belly. The line of the Omohyoideus begins 
at the lower border of the body of the hyoi^ bone, runs downwards and lateral wards 
to cross the Sternocleidomastoideus at the level of the cricoid cartilage, and then 
runs more horizontally to the acromial end of the clavicle. 

Arteries. — The position of the commm carotid artery in the neck is indicated 
by a line drawn from the upper part of the sternal end of the clavicle to a Mint 
midway between the tip of the mastoid process and the angle of the mandible. 
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From the clavicle to the upper border of the thyreoid cartilage this line overlie® 
the common carotid artery, beyond this it is over the external carotid arteiy, 
exhrrtal carotid artery may be otherwise marked out by the upper part of a line, 
arching slightly forwards, from the side of the cricoid cartilage to the front of the 
orifice of the external acoustic meatus. 

The points of origin of the main branches of the external carotid artery aro 
related to the tip of the gieater cornu of the hyoid bone as follows : (1) the swpmbr 
thyreoid, just below it ; (2) the lingual, on a level with it ; (3) the external maxiUhri/ 
(facial) and (4) the occijktal, a little above and behind it. 

Tlic suhclavim artery is indicated on the surface by a curved line* C 9 rfvex upwards, 
from the ateriVoclavicular articulation to the middle of the clavicle. The highest 
point of the convexity is about 2 cm. above the clavicle. 

Veins. -The surface marking for the internal jngvhr vein is parallel with and 
slightly lateral to that for the common carotid artery. The position of the external 
jugular vein is marked by a line from the angle of the mandible to the middle 
of the clavicle. A point on this line about 4 cm. above the clavicle indicates the 
>«pot where the vein pierces tJie deep fascia. The lino of the anterior jugular vein 
begins close to f]i(» Mym]>hysis menti, runs downwards parallel with and a little 
to one side of fho middle line, and, at a short distance above the jugular notch,, 
turns latc*ralwards to the external jugular. 

Nerves.- -The /bend noi’ve at its exit from the stylomastoid foramen is situated, 
in tJie adult, about 2 5 cm. from the surface, opposite the middle of the anterior 
horde)’ of the mastohl process ; a horizontal line from this point to the. janm.s 
of the mandible overlies the stein of the nerve. In the infant thci’e is no mastoid 
process, and th(* fojamen is y)laced superficially just behind the meatus. To mark 
the course of the accessory nerve a line, is drawn from a point midway between the 
angle of the niandi]>le and the tip of the mastoid process to a point on the anterior 
border (jf the >Stornoc*leidomastoidei*s 4 cm. below the apex of the mastoid process, 
or to the midpoint of the posterior border of tlio jiiuscle ; the line is continued 
across the posterior triangle of the neck to the Tra])czius. 

The cutaru'cns branches of the cervical ple.xus emerge fi’oin beneath the postiuior 
Under of the Hteinocleidoniastoideua and may be indicated as follows : the lesset 
occi))itn1 a])poars just above the midpoint of the border and ascends along it to 
the scalp ; the great o/urkular and cermcal cutayieom start from the middle of the 
bordm% the former running upwanls towards the lobnic of the auricula, th('. latter 
crossing the SteriioclcidomastoicUus at I’l^ht angles to its hmg axis ; the supra- 
chmcular nerves emerge just btlow the middle of the T)OBterioi* border and run 
<hnvn over the clavicle. The phr nic ner\e begins at the lev(‘l of the middle of 
the thyreoid cartilage and runs behind the clavicle about midway between the 
anterior and posterior borders of the Sternocleulomastoideus. 

Tlie upper border of tlie brackud pkxus is indicated by u line from the side of 
the cricoid cartilage to the middle of the. ch’Mcle. 


HUKFACK ANATOiMY OF THF BACK 

Bones.- "The only subcutaneous parts of the vertebral coluuin arc the apices 
of the spinous processes. These are distinguishable at the bottom of a fuiTow which 
rujis down the middle line of the back from the external occipital protuberance 
to the iuiddl(3 of the sacrum. In the cervical region the furrow is broad and end® 
below in a conspicuous projection caused by the spinous processes of the seventh 
cervical and fii’st thoracic vertebraj. Above this, the spinous process of the sixth 
cej’vical \'ertebra sometime.s forms a projection : the other cervical spinous processes 
are sunken, but that of the epistropheus can be felt. In the thoracic region the 
furroAv is shallow^ and dining stoopinj^ disappears, and then the spinous procjsses 
become more or le.ss visible ; the markings produced by them arc small and close 
together. In the lumbar rajimi the furrow is deep and the situations of the spinoua 
piycesses are frequently indicated by little pits, especially when the muscles in the 
loins are vrell developed. In the^ sacral^ region the furrow is shallow and flattened, 
and ends below at th(^ most prominent part of the dorsal sux&ce of the sacrum, 
i.e. the spinous process of the third sacral vertebra. At the bottom of the sacral 
funow" the irregular dorsal surface of the sacnim may l)e felt, and below this, in the 
deep groove running to the anus, the coccyx. 
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Uttle innuencG on sxirface forni. The 
upper part of the back of the 


VI 1'U.C UUUJL aiAf su c 

haw- very little inf 
tijnmu by their divergence serve to broaden out the 


llu. 1135. — Surface aiuitoiny of the bach. 



neck produce a fulheas in this situation. In the loin the Saemvinaks, bound 
down by the lumbodorsal fascia, form rounded vertical eminences whicli determine 
the depth of the spinal fuitovr and taper below to a point on the dorsal surface of 
the sacrum. The continuatichis of the Sacrospinales in the lower thoracic region 
form flattened planes which are gradually lost on passing upwards. 
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SURFACE MARKINGS OF THE BACK 

Bony landmarks. — In order to identify any particular spinous process it is 
customary to count from the prominence caused by the seventh cervical and first 
thoracic ; of these the latter is the more prominent, although the seventh cervical 
is known as the verU'bra prominens. The root of the spine of the scapula is on 


KiCt. .1180. — slunving the relation of 
tho medulla spinalis to tho dorsal surface of 
the trunk. 'J’lie bones arc outlined in rod. 



Fio. 1187. — Sagittal section of lower 
part of vertebral canal to show the 
lower ends of the medulla spinalis 
and subarachnoid cavity and the 
filiim terminalc. (Testut.) 



l\L^. First ami fifrU lumbar vertebra). 
Second sacral vertebra. 1. Dura mater. 2. 
Lower part of subarachnoid cavity. 3. Lower 
extremity of medulla spinalis. 4. Filum ter- 
mlnale internum. 6. Filum termlnalo exter- 
num. 6. Attoduaent of filum termlnale to 
first segment of coccyx. 


inferior angle with that of the seventh, 

llic liighost point of the iliac crest is on a level with the spinous process of tho 
fourth lumbar vertebra, and the posterior superior iliac spine with that of the 
second sacral vertebra. 

Medulla spinalis.- -The i)osition of the lower end of the medulla spinalis varies 
slightly with the movements of the vertebral column, but, in the adult, in the 
upright posture it is usually at the level ojE the spinous process of tho second lumbar 
vcrliebra (fig. 1136) ; at birth it is at the level of the fourth. 

The suhdural and suhofochnoid cavities end below opposite the spinous process 
of the third sacral vertebra (fig. 1137). 
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Spinal nerves (fig. 1138).— The follow- 
ing table, after Macalister, shows the 
relations which the places of attachment 
of the nerves to the medulla spinalis bear 
to the bodies and spinous processes of the 
vertebr® ; — 


% 

: Level of No. of 

j body of nerv(?. 


Level of tip 
of spine of 


C. 1 
2 


3 


G 

7 

T. 1 

2 

3 

4: 
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7 

8 
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10 

11 

12 


L. 1 
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L. 2 


C. 1 

13 

4 

5 

6 

7 

8 

T. 1 
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4 

5 
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8 
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10 
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12 
L. I 

ill 

S. Ij 


5 

C.l 


1 C. 
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G 
7 
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Fig. 1138. — Scheme sliowiiig the rela- 
tions of the regions of attachment of 
the spinal nerves to tin* vertebral 
Spinous processes. (After Tfeid.) 

6^^*^Ccrvicaf @ 


6^^€ervicnl< ^ / 1 


Thorn nc 


»’*i^Thor(tcic , 


-f Thoracic 4 i 


O^^^ThoracicA 


Thoracic 




WhThoracic 


\ y^-^*Thor(toi c 


Tho. 


iff ^hThoructc ■< 


^jif^hThoracic 

I 

i^PLumhar 

r/^JjV7ii.bnr 


Coccygeal 


SURFACE ANATOMY OF THE THORAX 


Bones.- -The skeleton of the thorax is covered to a considerable extent by 
muscles, so that in the strongly developed muscular subject it is for the most 
part concealed. In thin persons the ribs, especially in the. lower and lateral 
regions, stand out as prominent ridges with the sunken intercostal spaces 
between them. 

In the middle line, in front, the anterior surface of the HU.rauin can be felt 
throughout its entire length at the bottom of the sternal furrow, between the 
Pectorales majores. These muscles overlap the anterior surface somewhat, so 
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that tlio whole width of the sternum is not subcutaneous, and this overlapping 
is jji’patest opposite the middle of the bone ; the furrow, therefore, is wide at its 
upper and lower parts but nanow in the middle. At the upper border of the 
manul)rium sterni is the jugular notch : the lateral parts of this notch are obscured 
by the tendinous origins of the Sternocleidomastoidei, which appear as oblique 
cords narrowing and deepening the notch. At the junction of the manubrium 
and body is a well-defined transveise ridge, the steinal angle (anguhis Ludovici). 
From the middle of the sternum the sternal funow widens and ends at the junction 
of the body of the sternum with the xiphoid process. Immediately' below this 


Fid. 1130. — The left side of the thorax. 




is the infrasternal notch ; between the steinal eiuls of the seventh costal cartilages, 
and below the jiotcli, is a triangular depression, the epigastiic fossa, in which the 
xiphoid process can bo felt. 

On either side of the sternum the costal cartilage's and ribs on the front of the 
thorax are partiallj' obscured by the Pectoralis major, througli which, liowever, 
tliey can be felt as lidgea with yielding intervals between them corresponding 
to the intercostal spares. The second space is the widest, the third and fourth 
are somewhat narrower, and the others, with the exception of tlie last two, are 
com]>afatively narrow. 

Below the loAver border of the Pectoralis major on the front of the oliost, the 
broad flat outlines of the ribs, and the more rounded outlines of the costal cartilages, 
are often visible. The low'cr boundary of the front of the thorax is most plainly 
seen when the body is bent backwards ; it is formed by the xiphoid process, the 
oaftilages of the seventh, eighth, ninth, and tenth ribs, and the ends of the cartilages 
of the eleventh and twelfth ribs. 

On either side of the thorax, from the axilla downwards, the external surfaces 
of the ribs may be defined. Although covered by muscles, all the ribs, with the 
^tf&ception of the first, can generally be followed without difficulty over the front 
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and sides of the thorax. The first rib, being almost completely covered by the 
clavicle, can only be distinguished in a small portion of its extent. 

At the back, the angles of the ribs lie on slightly marked oblique lines some 
<iistance from the spinous processes of the vertebrie. The lines diverge somewhat 
as they descend, and laterally to each is a broad convex surface caused by Uie pro- 
jection of the ribs beyond their angles. Over this surface, except where covered 
by the scapula, the individual ribs can be distinguished. 

Muscles.— 'The surface musclea covering the thorax belong to the musculature 
of the upjMjf ^extremity (figs. 11»S9, 1143), and will be desonbed in that section 

Fig. 1140. — Front of thorax, showing snrfaco relations of honos, lungs (purple), 
pleiirin (blue), and heart (red outline). 



(p. 1247). There is, however, an area of practical iniportauc.e bounded by these 
muscles. It is limited above by the lower border of the I’rapezius, below by the, 
upper border of the Latissimus dorsi, and laterally by the vertebral lx>rder of 
the scapula ; the floor is partly formed by the Rliomboidcus major. If the scapula^ 
be drawn forwards by folding the arms across the chest, and tlio trunk bent forwards, 
parts of the sixth and seventh ribs and the intorapace between them become 
subcutaneous and available for auscultation. The, 8})ace is therefore known the 
iriangh of aimuUation, 

Mamma. — ^The size of the mamma is subject to great variations. In tbr adult 
nulliparous female it extends vertically from the second to the sixth rib, and 
transversely from the side of the sternum to the midaxillary line. Ih the male 
and in the nulliparous female the mammary 'papilla or nipple is situated in tlie 
fonrth interspace about 9 or 10 cm. from the middle line. 


SURFACE MARKINGS OF THE THORAX 

Bony Umfiiiiarks*— The second costal cartilage corresponds to the sternal angle, 
and is so readily found that it is used as a starting-point from which to count the 
ribs. The lower border of thb Pectoralis major at its origin corresponds to the 
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filth rib ; the uppeimost visible digitation of the Seiratus anterior indicates the- 
sixth rib. 

The jugular uotch is at the level of the lower border of the body of the second 
iho]'acic vertebi’a, and the sternal angle at the level of the fibrocartilage between 
the fourth and fifth ; the junction between the body and xiphoid process of the 
stornum forrcs]X)iids to the fibrocartilage between the ninth and tenth thoracic 
vertebra'. 

Tlio degret^ of obliquity of the ribs is such that * if a horizontal line be drawn 
round the l)odv the level of the inferior angle of the scapula, wj^ile the arms 


Fig. 1141. — Side of thorax, showing surface markings for bones, lung (purple), 
pleura (blue), and spleen (green). 



aj'o at the sides, the line would cut th(‘ .stcrniuii in front between the fourth and 
fiftli ribs, the fifth rib in the nipple line and the ninth rib at the vertebral 
column.’ (Treves.) 

Diaphragm. — llie shape and variations of tin* Diaphragm as seen by skiagraphy 
have already been doscribc'd (p. 455) 

Surface lines.— For clinical purposes, <au<l for convenience of descrijdioii, the 
surface* of the thorax has been max>ped out by arbitrary lines (fig. 1144). On 
the front of tfu; thorax the most important vertical lines are the midsternuxl or 
middle lino, and the mammary which descends vertically from a point midway 
l>t‘twecii the centre of the jugular notch and the tip of the acromion, and, if prolonged, 
almost corresponds with the lateral line on the front of the abdomen. Other 
vertical lines are the lateral sterml along the sternal margin, and the parasternal 
midway between the latter and the mammary line (fig, 1144). 

On either side of the thorax the anterior and posterior axillary lines are ilrawn 
vei tically from the corresponding axillaiy folds ; the midaxillary line runs 
downwards from the apex of the axilla. 

Op the posterior surface of the thorax the scapular line is drawn vertically 
through the inferior angle of the scapula. 

j Fleuree (figs. IMG, 1141). — The lines of reflection of the pleurse can be indicated 

the surface. On the right side the line passes through the sternoclavicular 
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articulation and runs downward^ and medialwards to the midpoint of the junction 
between the manuhrium and body of the sternum. It follows the midstcrnal lino 
to the lower end of the body of the sternum or on to the xiphoid process, and then 
turns lateralwai^ and downwards across the seventh sternocostal articulation. 
It crosses the eighth costochbndral junction in the mammary line, the tenth rib 
in .the midaidllary line, and is prolo^ed thence to the spinous process of the twelfth 
thoracic \’ertebra, to reach which it passes below the level of the medial part of 
the twelfth rib. The most dependent part- of the pleural cavity is opposite the 
tenth rib in ti^ midaxillary line. 

On the slJ&e the line passes through the sternoclavicular articulation, reaches 
tlie midpoint of the junction between the manubrium and body of the sternum, 
and extends down the midsternal line to the level of the fourth costal 
cartilage. It thcji inclines to the left and is continued downwards slightly 
laterally to the sternal border, as far as the sixth costal cartilage. Running 
downwards and lateralwards from this point it crosses the sevcntli <'.(^stal 
cartilage, and from this onwards it is similar to the line ou the right side hut at 
a slightly lower level. 

Lungs (figs. 1110, 1111). — The apex of the lung is situated in the neck above 
the medial third nf the clavicle. The average height to which it rises above the 
clavicle is about 2*5 cm. 

In order to mark out the anterior borders of the lungs tw^o lines, one. from each 
apex, are drawn downwards and mediahvards across the sternoclavicular articu- 
lation and raanubrkim sterni until they meet, or almost meet, at the midpoint 
of the junction between the manubrium and body of tlie sternum. From this 
])oint the two lines run downwards, in the midsternal line, as far as the level of 
the fourth costal cartilages. On the right side the lijie is continued in the midslOrnal 
line to the level of the sixth costal cartilage, and then it turns lat^eralwards and 
downwards. On the left side the line curves lateralwards and downwards across 
the fourth sternocostal articulation to roach the parasternal line at the fifth costal 
cartilage, and then tinns medialwards and downwards to the sixth sternocostal 
articnlation. 

Ill the position of expiration tlie. loloer Imd&r of the lung may be, marked by a 
slightly curved line with its convexity downwanis, from the sixth sternocostal 
junction to the tenth thoracic spinous process. This lino crosses the mammary 
line at the sixth, the midaxillary line at the eighth, and iho scapular line at the 
tenth rib. 

The posterior borders of the lungs are indicated by lino.s drawn from the level 
(*f the spinous proc(‘s.s of the seventh cervical vertebra, down either side of the 
vertebral column, across the co.stovei-tcbral joints, as low^ as the spinous process 
of the tenth thoracic vertebra. 

The position of the oblUpie fissure in either lung can bo shown by a liie* drawn 
from the spinous process of tlie second thoracic vertebra round the side of the 
thorax to the sixth rib in the mammary line ; this line corresponds roughly to 
that of the vertebral border of the scapula when the haitd is placed on the toj) 
of tlie head. ^hiQ.liorizmial fissure in the right lung is indicated by a line drawn 
from the midpoint of the preceding, or from the point wdicre it cut.^ the, midaxillary 
line, to the midsternal line at the level of the fourth costal cartilage. 

The roots of the lungs are placed opposite to the spinous ]>rocesses of the I'oiirtl], 
fifth and sixth thoracic vertebral. 

Trachea. — This may be*, marked out on the back by a line from tlu’ spinous 
process of tlie sixth cervical to that of the fouiiih thoracic vei-tebra, wle re it 
bifurcates ; from its bifurcation tlp3 two bronchi are directed dowuwaids and 
lateralwards. Anteriorly, the point of bifurcation is opposite to or a little b«ilow 
th(* sternal angle. 

(Esophagus.— The extent of the oesophagus may be indicated on the back by 
a line from the sixth cervical spinous process to a point 2-5 cm. on the left of the 
ninth thoracic spinous process. 

Heart. — The outline of the heart in relation to the front of the thorax 
(figs. 1140, 1142) can be represented by a quadrangular figure, {a) The apex of 
the heart is first determined as a point in the fifth interspace, 9 cm. to the left 
of the midsternal line. The other three pointe are : (6) the seventh right sterno- 
costal articulation ; (c) the upper border of the third right costal cartilage 1 cm. 
from the right latetal sternal line ; (d) the lower border of the second left costal 
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cartilage 2 o cm. f ' left lateral aterual line. A line joining <«) to ih) and 
travel .sill" thf^.yr ui tlie body of the sternum wit h the xiphoid process represents 

tholower r i‘ lieail. T!m* right and left bonh rs are representod respectively 

by linc'K join. (e) it 'd (r/) to (c) ; both lines are co lateralTvercbs, but 

the convexity is more mar ci ,m the right, where its summir is \ cm* distant fmm 
the midstenml line oj )S' i li(» fourth costal cartilage. . ^ 

A poition of the area ot tlie heart thus mapped out is uncovered by Ifing, and 
therefore gives a dull m»te ou .kercussion ; the remainder is overlapped by Itmg 
and gives a moie or less re^' t note The fonuor is known the area of 
suprticial cardiSc dulness. the •• he ai -''a of deep cardiac duraess. The area 


Fig. iiiL^ n lnii iMUiofl bejirt to front (d thoracic wall. 



■of supcrlicial cardiac duliie.ss is soiiiiewhat triangular ; from the apex of the heart 
two fines are drawn to the midstemal line, one to the level of the fourth costal 
cartilage, the other to the junction between the body and xiphoid process of the 
sternum ; the portion of the midstemal line between these points is the base of 
the triangle, ijatham lays down the followin|^rule as a suflScient practical guide for 
the definition of the area of superficial dulness : ‘ Make a circle of two inches in 
d ianieter round a point midway between the nipple and the endt)f the sternum. ’ ^ 

The coronary sulcus (auriculoventricular groove) can be indicated by a line , 
from the third left, to the sixth right, sternocostal joint. The anterior kumtudinal 
sulcus is a finger^s-breadth to the right of the left margin of the ]ieai*t ana parallel 
with it. 

The positions of the orifices of the heart ate as foUows : The pulrr^onaiy. 

^ situated in the upper angle of the third left sternocostU aiitculatgon ; the aortic 
is a little below and medial to this, close to |he aiiiculation. The : 

^orifice is opposite the fourth costal cartilaf^, and rather to th^ left o| the 
,/line ; the ri^U atnomitriculof is a li^e. lower,, opposite 
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4 the right side. The lines indicating the attioventricular orifices are ]>aTal1el 
with and slightly below the line o : the ooronary sulcus. 

; Arteries. — The line of the ascending aorta liegins slightly to the left of the mid- 
sternal line opposite the. third costal cartilage, and extends upwards and to the 
right to the level of the upper border of the second right costal cartilage. The 
wrtio arch lies behind the lower half of the manubrium sterni. A line from the 
middle of the manubrium steriii to the right stenioclavicular articulation represents 
the site of the innomuiai^ artery, while another lino from a i>oint Hliirhtly to the 
left of the middle of the manubrium sterni to the left .sternoclavicular articulation 
indicates the pdsition of thc^ thoracic part of the left common carotid artery. 

The internal mammary artery descends behind the first six costal cartilage.^ 
about 1 cm. from the lateral sternal line. 

Veins. — The line of the right innomviate lein crosses the right stenmclavicular 
joint and the upper border of the first right costal cartilage about 1 cm. from the 
Ihteral sternal line ; that of the left innominate vein extends from the left sterno- 
clavicular articulation to meet the right at the upper border of the first right costal 
cartilage. The junction of the two linos indicates the origin of the superior vena 
cmay and the line of this vc.ssel is continued vertically down to the level of the 
third right costal cartilage. The inferior vena am owns into the right atrium at 
the level of the upper margin of flic sixth right costal cartilage about 2 cm. from the 
inidsternal line. 


SURFACE ANATOMY OF THE ABDOMEN 

Skin. — The skin of the front of the abdomen is thin. In the male it is often 
tlackly clad with hairs, (‘specially towards the lower part of the middle lino ; in 
the female the hairs are confined to the pubes. Just below the iliac (^rcst is a 
shallow groove termed the iliac furrow^ while in the site of the inguinal ligament 
a shaiper fold known as the fold of the groin is easily distinguishable. 

After distension of the abdomen from pregnancy or other causes the skin 
commonly presents transverse white lines which are quite smooth, being destitute 
of papUlm ; these are known as strim gravidamm or since alhicaiUes. The linea 
ligra of pregnancy is often seen as a brown streak in the mulule line between the 
:mibilicus and symi>hysis pubis. 

In the middle line of the front of the abdomen is a shallow fun*ow which extends 
from the junction between the body of the sternum and the xiphoid process to a 
ihort distance below the umbilicus ; it corresponds to the linea alba. The umbilicus 
is situated in the middltj line, but varies as regards its height ; in an adult subject 
[t is always placed above the middle point of the body, and is slightly below the 
jvel of the Hghest points of the iliac crests. 

Bones. — The Iwnes in relation with the surface of the abdomen are (1) the 
>wer part of the vertebral colunm and the lower ribs and (2) the. pelvis ; the former 
ave already been described (pp. 1226 and 1229), the latter will l>e considered 
ith the lower limb. 

Muscles (fig. 1143). — The only muscles of the abdomen which have any con- 
derable influence on surface form are the Oblicjuiis externus abdominis and the 
lectus abdominis. The upper digitations of ongin of the OUiquus externus are 
ell marked and interdigitate with those of the Serratus anterior ; the lower are 
jvered by the border of the Latissimus dorsi. The attachment of the Obliqiius 
tternuB and Obliquus inteinus to the iliac crest forms a thick oblique roll which 
^termines the iliac furrow. On the front of the lateral region of the abdomen an 
adulating line sometimes marks the passing of the museuw fibres of the Obliquus 
temus into its aponeurosis. The posterior margin of the Obliquus externus is 
quently separated from the lateral margin of the Latissimus dorsi by a small 
angular interval-“the lumbar tria^le-^m base of which is formed by the iliac 
ist, and the floor by the Obliquus intemus. 

The lateral margin of the Rectus abdominis, h indicated by the-ldnec^eemiluuaris^ 
fieh IS easily defli^ when the mUscle is in action. On the surface of the Bectus 
^ three transverse furrows, the tendinous insoriptu^s ; the upper two of these. 
^ Hpne opposite, or a little beloi^T the tip of the xiphoid process, and the other 
^weeh this point and the.umbilicus^ are usually well marked ; the thiril» 
the umbilicus, is not so distinct, l^tween the^two Becti the furrow of 
I'&A. .41 ' ^ . 
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the hneft alba can be traced from the xiphoid process to a point just b^jlow the 
umbilicus^ beyond which it disappeai's owing to the apposition of the muscles* 
Vessels. —In thin subjects the pulsation of the abaoniinal aorta is felt on making 
deep pressure in the middle line above the umbilicus. 


Fia. 1143. — Surface anatomy of the front of the thorax and abdomen. 
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Viseera.'r'Under normal conditions the various portions of the digestif tube 
cannot bo identified hy simple palpatidn, but under certain conditions peristalsis 
of the coils of small mtestme can be observed in persons with extremely thin, 
ahdonnnal walls. In cases of constipation it \» commonly possible to trace portions 
of the great intestine by feeling the feecal masses within tn thin persons 

with relaxed abdomh^i walls the iliac portion of the descending colon can be felt 
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in the left iliac region — ^rolling under thelfingers when empty and forming a distinct 
tumour when distended. 

The liver lies mainly under cover of the lower ribs and their cartilages, but 
in the epigastric fossa a portion of it comes in contact with the abdominal wall. 
The position of the liver varies according to the postuwi of the l)ody. In the erect 
posture the inferior margin of the liver projects about 1 cm. below the lower marpn 
of the right costal cartilages, and can often be felt if the abdominal wall is tlun. 
In the supine position the liver recedes above the lower margin of th<^ thorax and 
cannot then detected by the fingers ; • in the prone position it falls forwards 
and is then geirfrally palpable in a patient with lax abdominal walls. Its position 
varies with the respiratory movements : during a deep inspiration it descends 
below the ribs, in expiration it is raised. Pressure from without, as in tight lacing, 
displaces the liver considerably, its anterior edge frec^uently extending as low 
as the iliac crest, ^ain, the position of the liver varies greatly with the state 
of the stomach and intestines ; when these are empty the liver descends, when 
they are distended it is pushed upwards. 

The pancreas can sometimes he felt in emaciated subjects, if the stomach and 
colon are empty, by making deep pressure in the ngiddic line about 7 or 8 cm. above 
the umbilicus. 

The kidneys are deeply situated at the back of the abdominal cavity, and cannot 
he palpated unless enlarged or misplaced. 


SURFACE MARKINGS OP THE ABDOMEN 

Bony landmarks. — Above, the chief bony markings are the xiphoid process, 
the lower six costal cartilages and the anterior ends of the lower six t\m. The 
junction between the body of the sternum and the xiphoid process is at the level of 
the tenth thoracic vertebra. Below, the main landmarks are the symphysis pubis 
and the pubic crest and tubercle, the anterior superior iliac spine, and the iliac crest. 

Muscles (fig. 1143). — The Rectus abdominis lies between the linea alba and the 
linca semilunaris ; the latter is indicated by a curved line, convex latcralwards, 
from the tip of the cartilage of the ninth rib to the pubic tubercle ; at the level 
of the umbilicus the linea semilunaris is about 7 cm. irom the mid^o line. The 
line indicating the junction of the muscular fibres of Obliquus extemus with its 
aponeurosis extends from the tip of the ninth costal cartilage to a point just medially 
to the anterior superior iliac spine. 

The umbUiciis is at the level of the fibrocartilage between the third and fourth 
lumbar vertebrae. 

The subcutaneous inguinal ring is situated 1 cm. above and lateral to the pubic 
tubercle ; the ahdcminal inguinal ring is about 1 cm., above the middle of the 
inguinal ligament. The position of the ittguinal canal is indicated by a line joining 
these two points. 

Surfime lines. — ^For convenience of description of the viscera and of reference 
to morbid conditions of the contained parts, the abdomen is divided into nine 
regions, by imaginary planes, two horizontal and two sagittal, the edges of the 
planes being indicated by lines drawn on the surface of the body (fig. 1144). In 
the older method the upper, or subcostal, horizontal line encircles the body at 
the level of the lowest points of the tenth costal cartilages ; the lower, or inter- 
tubercular, is a lino carried through the highest points of the iliac crests seen from 
the front, i.e. through the tubercles on the iliac crests about 5 cm. l>ehind the anterior 
superior spines. An alternative method is that of Addison, who adopts the following 
lines : (1) an upper transverse, the transpylark. halfway between the jugular 
notch and the upper border of the symphysis pubis ; this indicates the edge of 
the transpyloric plane which iia most cases cuts through the pylorus, the tips of the 
ninth costal carnages and the lower border of the first lumbar vertebra ; (2) a 
lower transverse line midway between the transpyloric and the upper border of 
the symphysis pubis ; this is tanned the tra^nstuhircular fiance it very nearly corre- 
spends to that passing through the tubercles on the iliac crests ; behind, its plane 
cuts the body of the fifth lumbar vertebra. 

By means of these horizontal planes the abdomen is divided into three zones' 
named from above, subcostal, umbilical, and hypogastric. Each of these is further 
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subdivided into three regions by the twd sagittal planes, which are indicated^ on 
the surface by a right and a left lateral line drawn vertically through 
halfway between the anterior superior iliac spine and the middle line.. The 
middle region of the upper zone is called the epigaetrio, and the lateral rcgiona 
the right and left hypochondriac. The central region of the middle zone is the 
umbilical, and the lateral regions the right and left lumbar. The middle region 


FiO. 1144. — ^Surface lines of the front of the thorax and abdomen. 



of the lower zone is the hypogastric or pubic, and the lateral regions are the right 
and left iliac or inguinaL The epigastric, umbilical, and pubic regicM can each 
be divided into right and left portions by the middle line. In the following descrip- 
tion of the viscera the regions marked out by Addison’s lines are those referred to. 

StoiniMAl (fig. 1146).-"The shape of the stomach is constantly undeiming altera- 
tion ; it is affected by the particular phase of the process of gastric digestion, by 
th^ state of the surrounding viscera, and by the amount and character of its 
contents. Its positmn also varies with that of the bpdy (fig. 1145), so that it is 
impossible to indicate it on the surface with any degree of accuracy. 
measurements given refer to a moderately filled stomach with the body in the supine 
position. 
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lateral with the ixaai^ylono line. The portion of the stomach which is in contact, 
wifti tht abdominal watt can be tepreeented roughly by a triangnlar area, the base 
of whmhls ifotmed by a line drawn from the tip of the tenth left costal cartilage to 
"the tip' 0 ^ .ihe ninth right-carrilage, and the rides by two lines drawn from the end 
of the eighth l^t costal cartilage to the ends of the base line. 

A space of some clinical importance— the space of Tratibe — overlies the stomach 
and may be thus indicated. It is semilnnar in outline and has the following 
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■Skiagrams of a moderately distended stomaoh, shoning the influence 
of posture. (Modified frem Herta.t 


A 


B 



>. With tbs patient hk the eiect posture. B. With the patient lying down. 


boundaries : the lower edge of the left long, the anterior border of the spleen, 
the Irit costal margin, and the inferior mar^ of the left lobe of the liver. 

Duodenum (fig. 1147). — l^e superior part is nearly horizontal and extends from 
the pylorus to the tight lateral line ; the descending part is situated medially to the 
right lateral line, from the trahi^yloric line to a point midway between the trans* 
pyloric and transtnberoular lines. The horizontal part runs with a slight upward 
slope from the end of the descending part to the left of the middle Une ; the 
pjy. ftpdiTig part is vertical; and ends in the duodenojejunal flexure, about 2*6 cm. 
toHbe left of tho mid^e line and * Ifttle below the transpyloric plane. 

• lale>tiiM.r-^c coils oif small intestine occupy tpe front of the abdomen. 
Ibr the most part ^ose of •*» situated on the loft side, i.e. in the 

left lumbar and iliao .regions, and in the left hidf ef the umbilical region. Those 
Cf the ttsufii He ri^t in th? right lumbar and iliac refpoiis, in the right 

hrif Cf tlffi tiinl^lftal and. ih tlri Hype^trie region ; a ]^rti<«i of the ileuta 

is witlfi]|ithe p«l^; .. The^endi of the ilepm, i.e. the Ueoedie yuncriew, is 
below aiid tie in|trise«^n of the right lateral and transtubercular lines. < 

fl iwM W p ' WiM «riE)Dtfbnri-^vroriiHk--*The ecnmoi is in the right iliac andlhypb*. . 
gastrid-nriians ; its porifion varirii with its degree of distension, but 
-a il^wii thi tijidrt hfit^r superior iUao Bj^e,.to the upper maigia of 
wil^ptip^a^BTOxinawy the middQe of its lower border. 

ciriiij^ Of Ihi veiimff^ ftoo^ nfto tbe cricfim is incited 

by op lie latariilHsi'^'a leVel Wm the paterihlr ritpodor iliao spb^ - 

* \ colto passes upwards through the ri&t lumbar 

The fifglb cfl®sjle*«ja'iii ritupted'.M' 

’ iJi^'i^the btapsj^ylorte'jsftd right. pteiiM Hhei*.. 
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/ ; Transverse colon* — The transverse colon crosses the abdomen on the confines 
of the umbilical and epigastric regions, its lower border being on a level slightly 
above the umbilicus, its upper bor^/ just below the greater curvature of the 
stomach. 

Descendii^ colon. — The hft colic flexure is situated in the upper left angle of 
the intersection between the left lateral and transpylorio lines. The deBcen<Hng 
colon courses down through the left lumbar region, laterally to the left lateral line, 
thence slightjy medialwards to the left lateral line at the level of the anterior 
superior iliac spine. ^ 

Liver (fig. 1146). — The upper limit of the right lobe of the livei^in the middle 
line, is at the level of the junction between the body and xiphoid process of the 


Fjg. 1140. — Front of abdomen, showing surface markings for liver, stomach, 

and great intestine. 



sternum ; on the right aide the line must be carried upwards as far as the fifth costal 
cartilage in the mammar/ line, and then downwards to reach the seventh rib at 
the side of the thorax. Q[%e upper limit of the left lobe can be deiced by continuing 
this line to the sixth left cosw cartilage, 6 cm. from the middle line. The lower 
limit is represented by ^ line drawn 1 cm. below the lower margin of thorax 
on the ri^t side as far as the ninth costal cartilage, thence obliquely upwards 
to the eighth left costal cartilage, crossing the middle line at the transpylorio 
plane and finally, with a slight left convexity, to the end of the line inditing 
the upper limit. 

According to Birmingham, the limits of the normal liver ma^ be marhed out 
on the surface of the body in the following manner. Take three points : (a) 1'26 cm. 
below the right nipple ; (6) 1 *25 cm. below the tip of the right tenth rib ; (c) 2*6 cm, 
below the iStt nippe. Join (a) and (o) by a line slightly concave upwards at its 
middle part; (a) and (6) by a line slightly convex latendwar^ ; and (6) a^nd (c) by 
a line sbghtly convex downwards. \ . 
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The fundus of the g<dlrhladder approaches the surface behind the anteiior end 
of the ninth right costal can^age close to the lateral margin of the Rectus 
abdominis. ^ 


Fic. 1147. — Front of abdomen, showing surface markings for duodenum, 
pancreas' and kidneys. 



A X\ Plane thrutiRh Joint between body and xiphoid process o( sternum. B B'. Plane midway Iwtwrvn 
A A* and transpyloric plane. 0 O'. Plane midway between trauspyloiic and trnnstubercular plane*' 


Pancreas (fig. 1147). — The pancreas lies in front of the second lumbar vertebra. 
Its head occupies the curve of the duodenum, and is therefore indicated by the 
same lines as that vis^'us ; its neck corresponds to the pylorus. Its body extends 
along the transpyloric line, 


the bulk of it lying above this 
line, to the tail, which is in 
the left hypochondriac region 
slightly to the left of the 
lateral line and above the 
transpyloric line. 

Spleen (figs. 1141, 1148).— 
To map out the spleen the 
tenth Tib is taken as repre- 
senting its long axis ; verti- 
cally it extends from the 
upper border of the ninth rib 
to the lower border of the 
eleventh rib. The highest 
point is 4 cm. from the middle 
fine of the hack at the level 
of the tip of the ninth thoracic 
spinous process ; the lowest 
and foremost point is in the 
midaxillary line at the level 
of the firet lumbar spinous 


Fig. 1148. — ^Back of lujnbar rt^gion, showing surface 
markings for kidnsys, ureters, and spleoii. 



pro^^t MCk\ The lower portions of the lung end pleura areubownon the rightslde. 

Kiotiepi (figs* 1147, 1148). 

—The right kidney usually 

lies about 1 cm. lower than the left, but for practical purposes similar surface 
markings are taken for eimb. . 

On the front of i^e abdomen the upp^ pole lies midway between the plane of 
the lower end of the body of the sternum and the transpyloric plane, ,6 cm. from 
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the iniidle line. TJie lower pole is sittiAted midway beliweW* l!ra»p]^16rio 
and transtubercular planes, 7 cin. from the middle line; JEha hilw otk the . 
transpyloTic plane, 5 cm. &om the mi^e line.*^ Bound thepe p< 9 mtu a }ddney- 
shaped figure 4 cm. to 5 emu broad is wawn two-^rds of uibiclt lie to the 

lateral line. To indicate the position of the kidney from the back, the parallelogram 
of Morris is used ; two vertical lines are drawn, the first onl., the second 9*8. cn\. 
Irom the middle line ; the parallelogram is completed* by two horizontal lines, 
one drawn at the level of the tip of the spinous process 'ot the eleventh thoracic 
vertebra, the other at the level of the lower Border of the epinops proce^^w of 
the third lumbar vertebra. The hilum is 5 cm. from the middie line at the 
level of the spinous process of the first lumbar vertebra. 

TTreters.--On the front of the abdomen, the line of the ureter is from the hilum 
of the kidney to the pubics tubercle ; on the back, from the liilum vertically down- 
wards, passing through the posterior superior iliac spine (fig. 1148). 


Fig. 1F19.— Front of abdomen, showing surface markings for arteries and 
inguinal canal. Tbo lino A, A' is drawn at the level of the highest points 
of the iliac crests. 



Vessels (fig. 1149).— The position of the inferior epigastric artery is marked 
by a line from a point rrudway between the anterior superior iliac spine and the 
pubic symphysis to the umbilicus. This lino also indicates the lateral boundary 
of Hessel^Jvs triangle^ the other boundaries of which are the lateral edge of Bectua 
abdominis, and the medial half of the inguinal ligament. The line of the abdominal 
aorta b^ins in the middle line about 4 cm. above the transpyloric line and ends 
at a point 2 cm. below and to the left of the umbilicus — or 2 cm. to the loft of tibo 
middle line at the level of the highest points of the iliac crests (AA', fig. ; 
the abdomiiml aorta ends at the levd of the fourth lumbar vertebra. 4 drawn 
from the point of termination of tho abdominal aorta to a point midway between 
the anterior superior iliac ^ine and symphysis pubis overlies the common 
and external iliac arteries. The coTmnonr Uiac is remesented by tbe upper one-^tMrd, 
and the eaiemal Hiae by the lower two-thirds of this line. . . 

Of the larger branches of the abdominal aorta, the coiUao orfery is 4 cm., and thc^ 
superior meBordmo 2 cm. above the transpyloric line ; the renal mtm^ ate .2 cm. 

* Aditlison Says (I) that one-tliird of the right kidney and of the left aireiidib\^ the . 

transpylorio plat^, and (9) that oiie-tfair<l of fhe right ludney pf the left lie 

tho inwial Riao of the cocrefspemding lateral line, * ' - 
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tbis ljja«. iSns- m/enCf WMSinWio teriet^ is.'^-^. abpve'tbo bifuwallpn of 
the aMoimnm ' 

.! Nanrei^Hiie coarse of the loyr^ fipl^iiov^o nerves on the anterior 
abdominal wall am represented by lines continmng those of the ribs, ISie seventh 
thoracic nexVe ends at the level of the xiphoid process, the tenth at the level of 
the umbilicus, and the twdfth about midway between the umbilicus imd the upper 
l>oi‘der of the symphysis pubis. The anterior branch of the iliohypogastric 
nerve becomes cutaneous about 3 cm. above the subcutaneous inguinal nng ; the 
iliO’inguinal nerve at the ring. 


SUKFACE ANATOMY OF THE PEBINJIUM 

• SUn. — In Ihe middle line of the posterior part of the perinceum and about 
4 cm. in front of the tip of the coccyx is the anal orifice, the akin around which is 
thrown into a series of folds which converge towards the orifice, and are continued 


Fig. 1150.— Meclitai sagittal section of male polvis. 
rrttiet 


deffrt^ns 


Urethra 



Saervm 


Hrctovfsicai 

t^xcauiUnn 


Uoccyx 

EjaeidfiUrr}/ duct 
A nal caml 


Externedt urHkrcd 
orifice 

\ ' 

upwards into the fo,wei part o£ the anal canal. The junction of the niurous inem- 
l^e el i^e anal canal with the, skin is marked by a white line which indicates 
ateb' Iho] we of contact of the external and internal Sphincters. The external 
gonfiy riTMmai iM atoatcd in the anterior part of the perinwum. The skin covering 
tho Wlof®fitatit'Wi<ith and corrog^ted, but over the penis it is smooth. _ Extending 
ibriatds flibia the anus on to scrotum and penis is a median ridge which indicates . 

the acmtnl' I 1 #he.' .In the are seen the skin reduplicstiona forming 

lalwimaiwii' wd ndaora latent, the prepuce of the clitoris in front, and stilt 

filiSlh. , 

fapijs.’ of the perineum, the ^hoie outwe. 
' — in the ischial tubeto4ti«»' Behipd 
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Hnsoles and mar^ of the Qhitaus, tnaxm/ut Iotxob the 

))o»terolateiaI bonndai^ of the perinffinm, and by pxeamg deeply the aacrotah^ne 
ligament can be felt throiig^ tbe muscle. The omy other xnusoies influenci^ surface 
form ate the iKhioeaoemoms covering the crus penis, which lies on the side of the 
pubic arch, and ih» Sphincter ani exterms, which, in action, closes the anal orifice 
and causes a puchenting of the skin around it. 


* p 

SUBPACE MAKKINGS OF THE PEBIN.®U# 

A line drawn transversely in front of the ischial tuberosities divides the 
perinseum into a posterior or rectal, and an anterior or urogenital, triangle. This 
fine passes through the central point of the perinseum, which is situated about 
2*5 cm, in front of the anal aperture, or, in the male, midway between the anus 
and the reflection of the skin on to the scrotum. 


Fig, 1151. —External genital organs of female. The labia minora have been 

drawn apart. 



Rectum and Anal canal.— A finger inserted through the anal orifice is grasped 
by the '3phincter ani externus, passes into the region of the Sphincter ani intemus, 
and higher up encounters the resistance of the Fuboreotalis ; beyond this it may 
reach the lowest of the transverse rectal folds. In front (fig. 1160)^. the urethml 
bulb and membranous part of the urethra are first identified, and about 4 cm. 
above the anal orifice the prostate is felt; beyond this the vesiouhs seminaleg, 
if entarged, and the fundus of the bladder, when distended, can be recognised. 
On either side is the ischiorectal fossa. Behind are the wococcygeal bD(^, the 
ml vie surfaces of the coccyx and lower pari; of the sacruna, and the sacrospmous 
figaments. . ^ 


SURFACE MARKINGS OF THE 1243 

In the female the posterior wa.!! and foxnh; of tike^^Va^a/and the cervix and 
body of the uterus can be felt in front, while somew^t lateraUv the ovaries can 
\ just be reached. , . , 

Hate nrogeniU organs. — The corpora cavernosa penis can be followed backwards 
to the crura which are attached to the sides of the pubic arch. The glons penis, 
covered by the prepuce, and the external urethral orifice can be e^tamined, and 
the course of the urethra traced along the under smf^e of the penis to the urethral 
^Ib which is situated immediately in front of the central point of the perineeum. 
^e testes can be palpated through the wall of the scrotum, and along the posterior 
border of ^n^he curved epididymis can be felt ; the spermatic cord ascends 
on the me^l side of the epididymis, and may be traced upwards to the subcutaneous 
inguinal ring. The ductus deferens feels like a piece of whipcord, and tlius can 
be easily recogniaied in the posterior part of the spermatic cord. 


Fig. 1162. — Median sagittal section of female pelvis. 



By means of a sound the general topography of the uretlua and bladder can be 
investigated ; with the urethroscope the interior of the urethra can be ilhiminated 
and viewed directly ; with the cystoscope the interior of the bladder is in a similar 
manner illuminated for visual examination. In the bladder the main points to 
which attention is directed are : the trigone, the torus iiretcricus, tlie plicae 
uictericm, and the openings of the ureters and urethra (see fig. 1076). 

Female nrbgenital organs. — ^In the pudendal cleft (fig. 1151) between the labia 
minora axe the openings of the vagina and urethra. In the virgin the vaginal 
opening is partly, closed by the hymen — after coitus the remains of the hymen arc 
reptesenhsd by the caruncuka hymenalcs. Between the vaginal orifice and the 
frenulum of the labia is the fossa navicularis, while in the groove between the h^mien 
and the labium minus, on either side, the small opening of the greater vestibular 
(Bartholin’s) gland is vidUe, These glands when enlarged can be felt on either 
side of the msterior part of the vaginal ori&o. By inserting a finger into the 
vati^ the following struiitaies may be exaimned through its wall (fig. 1152). 
Behind, from below Upwards^ are the anal canal, the rectumi and the rectouterine 
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vl^e cervix 


excavation. Projecting ii|%#!te roof of tie . , 

cervix uteri with . the uterine onfice f.\bi i4 ahd ^ , , , 

are the anterior and ^posterior vaginal foriuoeai Wth^b ;fing^ in the and/ 

the other hand oh the abdominw wall the whole of the oetviac and bpdy ol t^e 
uteruB, the uterine » tubes, and the ovarii can be paiphted. If a ep^ulturi be 
introduced into the va^a, the walla of the passage, w vaginal portion' ii thje 
cervix, arid the external uterine orifice can all exposed for visual examination. 

Ihe uretibral orifice lies in front of the vaginal opening, and has rather 

prominent mj^gins. The urethral canal in the 


jjable and cmi 

he explored""wi^ the finger. About 2*5 cm. in front of the e:^eftttal orifice of the 
urethra are the gh^ and prepuce of the clitoris, and still further forward, the 
mons pubis. 


SURFACE ANATOMY OF THE UPPER EXTREJ^PTY 

sun. — The skin covering the shoulder and arm is smooth and very movable 
on the underlying struotures. In the axilla there are numerous hairs and many 
sudoriferous and sebaceous glands. On the medial side and front of the forearm 
the skin is thin and smooth, and contains few hairs but many sudoriferous glands ; 
on the lateral side and back of the arm cmd forearm it is thicker, denser, and con- 
tains more hairs but fewer sudoriferous glands. In the region of the olecranon 
it is thick and rough ; it is very loosely cozmected to the underlying tissue, and . 
falls into transverse wrinkles when the forearm is extended. At the front of 
the Jurist there are three transverse furrows in the skin ; they correspond respectively 
from above downwards to the positions of the styloid process of the ulna, the 
radiocarpal or wrist-joint, and the midcaipal joint. 

The skin of the palm of the hand is nard and dense and covered with a thick 
layer of epideruife ; on the thenar eminence these characteristics are less marked 
than elsewhere. 'It is exceedingly sensitive and very vascular, but is destitute 
of hairs and sebacco^ glands. It is tied down bjrvfibrous ban^ along the lines 
of flexion of the digits, and exhibits certain furrows of a permanent character. 
One of these furrows berins in front of the wrist at the tuberosity of the navicular 
bone, curves round the tn.^ar eminence, ^d ends on the lateral border of the hand 
near the level of the metacarpophalangeal joint of th^^ index finger ; a second 
begins at the distal end of tiic fimt aiid extends obliquely across the palm to reach the 
medial border about the middle of the fifth metacarpal bone ; a third be^us at 
the medial border about 2*5 cm. distajlv to the end of the second, and extends across 
the heads of the fifth, fourth, rnd third metacarpal bones. The medial part of the 
bhi|(j line and the lateral part of thf second line He in front of the metacarpophalap-r 
geal joints of the fingeis. The proximal segments of the fegers are joined to one 
another on the volar aspect by folds of skin constituting the ^ web ’ of the Singers ; 
these folds are about oppo«^ite the level of the centra of the prorimal phaltogea 
and their free margins are continuous with the transverse furioWs at the roots 
of the fingers. Since the web is confined to the volar aspect, the fingexa appear 
shorter when viewed from in front than from beM^. Over thC ni^cws and 
thumb the skin is thinneiv especially at ihe flexfites of the joints; (where it is; 
qtossed by transverse furrows) and over the terminal phalan^: it fe disjposed 
in numerous ridg^ in conseqimnce of the arrangement of the papilla' iri it, iSzeife 
ridges form, in diSexent individuals, distinctive and permanent patterife which cab , 
be used for putijoseh of identification. v' T ; - 

v.^ The superficial fascia in the palm of the hand is made up pi demie 
tissue which binds the skin so firmly to the. palmar apmfeurq#fe%tiia^ 
movement fe peimitted between the two. ^ ^ 

On the back of the hand and fingers the sub^taneous tfefcfe 
|ljdb is freely movable on tlm underiyiiig paris. 0^ llie inte^l^^ 
ri? is; very loose and is thrown - into transveibe^Ufllha^ t ^ 


si • 


^ Bcaamu-h-The oajk bii felt 

Eternal above the 

this the bjEriy of the hozio sank lie - - - 
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forwards and ends in a slight enlargement at the acromion of the scapula. The 
cla^dcle is almost honzontal when the arm is lying by the side, although in muscular 
BubjecU it may incline a little upwards at its acromial end, which is on a plane 
posterior to the sternal end. 

The only parts of the scapula that are subcutaneous are the spine and acromion, 
but the coracoid process, the vertebral border, the inferior an^e, and to a lesser 
extent the a^ary border can be readily defined. The acromion and spine are 
easily recognisable thro^hout their entire extent, forming with the clavicle the 
arch of the shoulder. The acromion forms the point of the shoulder; it joins 
the clavicle acute ai^Ie— the acromial angle—slightly medially to, and behind 
the tip of the acromion, ine spine can be felt in the floor of an oblique depression 
and becomes less distinct when traced medialwaids ; it ends in a slight dimple 
a little laterally to the spinous process of the third thoracic vertebra. Below tnis 
point the vertebral border may be followed downwards and lateralwards to the 
inferior an^le, which is easily identified although covered by the Latissimus dorsi. 
From the inferior angle the axillary border may be traced upwards through its 
thick mu^ular covering, forming with its enveloping muscles the posterior fold 
of the axilla ; this fold is more vertical in direction than the anterior fold of the 
axilla, and can be seen from the front. The coracoid process is situated about 
2 cm. below the junction of the intermediate with the lateral third of the clavicle ; 
it is covered by the anterior border of the Deltoideus, and thus lies a little laterally 
to the infraclavicular fossa or depression which marks the interval between the 
Pectoralis major and Deltoideus. 

The humerus is almost entirely surrounded by muscles, and the onlpr parts 
which are subcutaneous are its medial and lateral epicondylcs ; in addition to 
these, however, the tubercles and a part of the he^d of the bone can be felt under 
the skin and muscles by which they are covemd. The greater tubercle forms the 
most prominent bony ^int of the shoulder, extending beyond the acromion ; it 
is best recognised when the arm is lying passive by the side, for if the arm be raised 
it recedes under the arch of the shoulder. The lesser tubercle, directed forwards, 
is medial to the greater and separated from it by the intertubercular sulcus, which 
can be made out by deep pressure. When the arm is abducted the lower part 
of the head of the humerus can be felt by pressing deeply in the axilla. On either 
side of the elbow-joint and just above it are the medial and lateral epicondylcs. 
Of these, the former is the more prominent, but th(. medial supracondylar ridge 
is much less marked than the lateral, and as a rule is not palpable ; occasionally, 
however, the hook-shaped supracondylar process (p. 277) is found on this border. 
The position of the lateral epicondyle is best seen during semiflexion of the forearm, 
and is indicated by a depression ; from it the strongly marked lateral supra- 
oonMar ridge runs upwards. 

The most prominent part of the ulna, the olecranon, can always be identified at 
the back of the elbow-joint ; when the forearm is flexed its upper quadrilateral 
surface is palpable, but during extension it recedes into the olecranon fossa. During 
extension the upper border of the olecranon is slightly above the level of the medial 
epicondyle and nearer to this than to the lateral ; when the forearm is fully flexed 
the olecranon and the epicondylcs form the angles of an equilateral triangle. On 
the back of the olecranon is a smooth triangular subcutaneous surface, and running 
down the back of the forearm from the apex of this triangle the sinuous dorsal 
border of the ulna can be felt in its whole lenj^.h : above, it is situated in the middle 
of the back of the limb ; but below, where it is rounded off, it may be traced to 
the small subcutaneous surface of the styloid process on the medial side of the 
wrist. The styloid process forms a prominent tubercle continuous above mth 
the dorsal border and ending below in a blunt apex at the level of the wrist-joint ; 
it is most evident when the hand is in a position midway between supination and 
pronation. When the forearm is pronated the head of the ulna projects on the 
back of the wrist ; ^tween the head and styloid process of the ulna h the groove 
which lodges the tendon of the Extensor carpi ulnaris. 

Below the lateral epicondyle of the humerus a portion of the head of the radius 
is palpable ; its position is indicated on the surface by a little dimple which is 
best seen when the arm is extended. If the finger be placed in this dimpJe and 
the semiflexed forearm prOnated and supinated the head of the radius will be felt 
rotating in the radial notch. The upp^ half of the body of the bone is obscured 
by muscles ; the lower lialf can be readily examined, and wlien traced downwards 
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is found to end in a lozenge-shaped convex surface on the lateral side of the base 
of the styloid process ; this is the only subcutaneous jjart of the bone, and from 
its lower end the apex of the styloid process beniis medialwards towards the wrist. 
The styloid process of the radius is about 1*25 cm. below the level of the styloid 
process of the ulna. About the middle of the dorsal surface of the lower end of 
the radius is the dorsal radial tubercle, best perceived when the \^ist is slightly 
Hexed ; it forms the lateral boundary of the oblique groove in which the tendon 
of the Extensor pollicis longus lies. 

On'CrTe front of the wrist are two subcutaneous eminences, one,^n the radial 
side, the larger and flatter, produced by the tuberosity of the navi\,ular bone, and 
the ridge on the greater muUa/ngular bone ; the other, on the ulnar side, by the 
jnsiform bone. The tuberosity of the navicular is distal and medial to the styloid 
process of the radius, and is most clearly visible when the wrist-joint is extended; 
the ridge on the greater multangular is about 1 cm. distal to it. The pisiform 
is about 1 cm. distal to the lower end of the ulna, and just distal to the level of the 
st;^loid process of the radius ; it is crossed by the uppermost of the three transverse 
skin furj'uws on the front of the wrist. The rest of the volar surface of the carpus 
is covered by tendons and the transverse carpal ligament, and is entirely concealed, 
with the exception of the hamulus of the hamate bmie, which however, is difficult 
to define. On the dorsal surface of the carpus the triquetral bone can be clearly 
made out, and when the wrist-joint is acutely flexed the head of the capitate bone 
may be felt. 

The dorsal surfaces of the metacarpal bones, except that of the fifth, are covered 
by the extensor tendons, and are visible only in very thin hands ; the dorsal surface 
of tbc fifth is, however, subcutaneous throughout almost its whole length. Slightly 
latei^l to the middle line of the hand is a proininence, frequently well marked, 
formed by the styloid process of the third metacarpal bone ; it is flituated about 
4 cm. distally to the dorsal radial tubercle. The heads of the metacarpal bones 
are rounded in contour and stand out in bold relief under the skin when the fist 
is clenched ; the head of the third is the most prominent. In the palm of the hand 
the metacarpal bones of the fingers are covered by muscles, tendons* and 
aponeuroses, so that only their heads can be distinguished. The base of the meta- 
carpal bone of the thumb, however, is prominent dorsally, and the l)ody ot the 
bone is easily palpable, ending at the bead in a flattened prominence in front of 
which are the sesamoid I cues. 

The enlarged ends of <^he phalanges can be easily felt. When the digits are 
flexed, a slight concavity can be recognised on the distal end of each of the 
first phalanges ; the distal ends of the second phalanges arc flattened and square- 
shaped. 

Articulations. — The sternoclasundar joint is subcutaneous, and its position is 
indicated by the onla^-gcd stemal extremity of the clavicle, lateral to the long 
cord-like sternal head of Sternocleidomastoideus. If this muscle be relaxed a 
depression between the end of the clavicle and the sternum can be felt, defining 
the exact i>osition of the joint. 

The position of the ‘acromioclavicular joint is ascertained by determining the 
slightly enlarged acromial end of the clavicle which projects above the level of 
the acromion ; sometimes this enlargement is so considerable as to form a 
rounded eminence. The shoulder-joint is deeply seated and cannot be palpated. 

When the forearm is slightly flexed a curved crease or fold with its convexity 
downwards is seen in front of the elbow, extending from one epicondyle to the 
other ; the elbow-joint is slightly distal to the centre of the fold. The position 
of the radiohiimeral part of the joint can be ascertained by feeling for a slight 
groove or depression between the head of the radius and the capitulum of the 
humerus, at the back of the elbow-joint. 

The position of the proximal radio-ulnar joint is marked on the surface at 
the back of the elbow by the dimple which indicates the position of the head 
of the radius. The site of the distal radio-ulnar joint can be defined by feeling 
for the slight groove at the back of the wrist, between the prominent head of 
the ulna and the lower end of the radius, when the forearm is in a state of almost 
conmlete pionation. 

Of the three transverse akin furrows on the front of the wrist, the middle corre- 
sponds fairly accuratelv with the radiocarpal or wrist-joint, and the most distal 
indicates the position of the midcarpal artundation. 
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Tlie metaearpophala'tigedl and interphalangeal joints are readily available for 
surface examination ; the former are situated just distally to the pi’ominences of 
the knuckles, tho latter are sufficiently indicated by the furrows on the volar, 
and the wrinkles on the dorsal, surfaces. 

HoscIm (figs. 1153, 1154). — The anterior border of the Trapezius presents as 
a slight ridge iimning downwards and forwards from tlu* sii]K*rioT nuchal line of 


Fig. 1153. — Front of right upper extremily. 



the occipital l>oiic to the junction of the intermedialo with the lateral third of the 
(clavicle. The inferior border of the muscle forms an undulating ridge passing 
downwards and modialwards from tlie root of the spine of the scapula to the spinous 
process of the twelfth thoracic vertebra. 

The lateral border of the Latissinms dorsi (fig, 1131)) may be tiaced, when the 
muscle is in action, as a rounded edge starting from the iliac crest and slanting 
obliquely forwards and upwards to the axilla, wher^ it takes part with the Teres 
major in forming the posterior axillary fold. 

The Pectordlis major (fig. 1143) conceals a considerable part of the thoracic 
wall ill front. Its sternal origin presents a border which bounds and determines 
the width of the sternal furrow. The upper margin is generally well marked near 
the clavicle, and forms the medial boundary of the iiifraelavicular fos.sa, which 


Fig. 1154. — Back of right upper extremity. 



separates the Fcctoralis major from the Deltoideus ; it gradually l>ecomes less 
distinct as it approaches the tendon of insertion and cannot l»e differentiated from 
the Deltoideos. The lower border of the Pectoralis major forms the rounded 
anterior axillary fold. Occasionally a gap is visible bt'tween the clavicular and 
sternal parts of the muscle. 

When the arm is raised the lowest slip of origin of the Pec/oraK« minor produces 
a fulness below the anterior axillary fold and serves to break the sharp outline 
of the lower border of the Pectoralis major. 
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The origin of the Serratus anterior (figs. 1130, 1143) causes a very chaTacteristic 
surface marking.' When the arm is abducted the lower five or six serrations can 
be seen, separated from those of the Obliquus extemus abdominis by a zigzag 
line. When the arm is by the side the highest visible serration is that attached 
to the fifth rib. 

The Ddtcideus with the underlying prominence of the upper end of the humeru^ 
produces the rounded contour of the shoulder ; it is rounder and fuller in front 
than behind, where it presents a somewhat flattened form. Above, its anterior 
border-'^presents a slightly curved eminence which forms the lat^at boundary of 
the infracfi&vicular fossa ; below, it is closely united with the P^ctoralis major. 
Its posterior border is thin, flattened, and scarcely marked above, but is thicker and 
more prominent below. The insertion of the Deltoideus is marked by a depression 
on the lateral side of the middle of the arm. 

Of the scapular muscles the Teres major assists the Latissimus dorai to form 
the thick, rounded, posterior axillary fold. 

When the arm is raised the Coracobrachialis appears as a narrow elevation 
emerging from under cover of the anterior axillary fold and running medially to 
the upper half of the body of the humerus. 

On the front and medial aspects of the arm is the prominence of the Biceps 
brachiiy bounded on either side by a depression. It determines the contour of 
the front of the arm and extends from the anterior axillary fold to the bend of the 
elbow ; its upper tendons are concealed by the Pectoralis major and Deltoideus, 
and its lower tendon sinks into the cubital fossa. When the muscle is fully con- 
tracted it presents a globular form, and the laeertus fibrosus (bicipital fascia) attached 
to tendon of insertion becomes prominent as a sharp ridge running downwards 
and modialwards. 

On either side of the Biceps brachii at the lower part of the arm the Brachialis 
is discernible. Laterally it forms a narrow eminence extending some distance up 
the arm : medially it produces only a slight fulness above the elbow. 

On the ba^.k of the arm the long head of the Triceps brachii may be seen as a 
longitudinal eminence, emerging from under cover of Deltoideus and gradually 
passing into the flattened plane of the tendon of insertion of the muscle at the lower 
part of the back of the arm. When the muscle is in action its medial and lateral 
heads are prominent. 

On the front of the rlbow are two muscular elevations, one on either side, which 
converge below and form the medial and lateral boundaries of tlie cubital fossa. 
The medial elevation consists of the Pronator t^res and the flexors, and is fusiform, 
pointed above at the medial epicondyle, and gradually tapering of[ below. - The 
Projwior teres is the most lateral ot the group, while the Flexor carpi radialis, lying 
to its rdedial side, is the most prominent and may be traced downwards to its 
teudon, which is situated nearer t ^ che lateral than to the medial border of the front 
of the wrist, where it is placed on the medial side of the radial artery and on the 
lateral side of the median nerve. The Palmaris kmgus presents no surface marking 
above, but below, its tendon stands out when the muscle is in action as a sharp 
cord in front of the middle of the wrist. The Flexor digitorum suUimis does not 
directly influence surface form ; the position of its four tendons on the front of 
the lower part of the forearm is indicated by an elongated depression between 
the tendon of the Palmaris longus and that of the Flexor carpi ulnaris. The Flexor 
carpi uhmris determines the contour of the medial border of the forearm, and is 
separated from the extensor group of muscles by the ulnar furrow the floor of which 
is formed by the subcutaneou.s dorsal border of the ulna ; its tendon is evident 
along the ulnar border of the lower part of the forearm, and is most marked when 
the hand is flexed and adducted. 

The elevation on the lat-eral side of .the cubital fossa is produced by the Brachio- 
radialis, the extensors, and the Supinator ; it occupies tlie lateral and a considerable 
part of the dorsal surface of the forearm in the region of the elbow, and appears 
as a fi^orm swelling which is on a higher level than that produced by the medial 
elevation. Its apex is between the Triceps brachii and Brachialis some distance 
above the elbow-joint ; its greatest breadth is opposite the lateral epicondyle ; 
below this it shades oil into a flattened surface. Amut the middle of the forearm 
it divides into a lateral and a medial eminence. The lateral eminence oonsistd 
of the^ Brarii^adiciis^ the Ea^mor carpi radialis longw and the Sxteneor carpi 
radialis brevis. The medial border of the Brachioradialis starts aS a rounded 
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elevation above the lateral epicondyle ; losver down, the muscle forms a prominent 
mass on the radial side of the ^ppe^ part of the forearm ; below, it tapers to its 
tendon, which may be traced to the base of the styloid process of the radius. The 
medial eminence comprises the Extensor digitorum communis^ Extensor digiti quinti 
proprius, and the Extensor carpi ulnaris ; it begins at the lateral epicondyle of the 
humerus as a tapering mass which is separated above from the Anconasus by a 
well-marked groove, and below from the Flexor carpi ulnaris by the ulnar furrow. 
The AnconcBUS produces a triangular, slightly elevated area, immediately lateral 
to the subcutaneous surface of the olecranon and separated from the extensor 
group by an*oblique depression ; the upper angle of the triangle is at tlie dimple 
behind the lateral epicondyle. 

At the lower part of the back of the forearm in the interval between the lateral 
and medial eminences is an obUqae elongated swelling, full above but flattened 
and partially subdivided below ; it is caused by the Ahdmtor poUicis longus and 
the Extensor pollids brevis. It crosses the dorsal and lateral surfaces of the radius 
to the lateral side of the wrist-joint, whence it is continued to the dorsal surface of 
the thumb as a ridge which is best marked when the thumb is extended. 

The tendons of most of the extensor muscles can be seen and felt on the back 
of the wrist. Laterally is the oblique ridge produced by the Extensor pollicis 
longus. When the wrist is extended the Extensor carpi radialis longus and the 
Extensor carpi radialis brevis can be identified, the one on the lateral, and the other 
on the medial, side of the tendon of the Extensor pollicis longus. Mediariy to this 
the extensor tendons of the fingers can be felt, the Extensor digiti qiiina proprius 
b(ung separated from those of the Extensor digitorum communis by a slight furrow. 

The muscles of the hand are principally concerned, as regards surface form, in 
producing the thenar and hypothenar eminences, and cannot be indivicfuallv 
distinguished; the thenar eminence, on the lateral side, is larger and rounder 
than the hypothenar, which is a long narrow elevation along the medial side of the 
palm. When the Palmaris brems is in action it produces a wrinkling of the skin 
over the proximal part of the hypothenar eminence and a dimple on the medial 
l>order of the hand. On the back of the hand the Inlerossei dorsales give rise to 
elongated swellings between the metacarpal bones ; the first forms a prominent 
fusiform bulging when the thumb is adducted, the others are not so marked. 

Arteries. — Above the middle of the clavicle the pulsation of the subdavian 
artery can be detected by jjressing downwards, backwa..#s, and medialwards against 
the first rib. The pulsation of the axillary artery^ wliere the vessel crosses the 
second rib, can be felt below the middle of the clavicle medially to the coracoid 
process ; along the lateral wall of the axilla the course of the artery can )>e easily 
followed close to the medial border of the Coiacobrachialis. The brachial artery 
can be recognised along the medial margin of the Biceps brachii ; in the upper 
two-thirds of the arm it lies on the medial side of the humerus, but in the lower 
third is more directly in front of the bone. In front of the lower end of the radius, 
between the styloid process and Flexor carpi radialis, a portion of the radial artery 
is superficial and Ls used clinically for observations on the pulse. 

Veins. — The superficial veins of the upi)er extremity are easily rendered visible 
by compressing the proximal trunks near the axilla ; their arrangement is described 
on pp. 687 to 689. 

Nerves. — The uppermost trunks of the brachial plexns can be felt lor a short 
distance above the clavicle as they emerge from under tlie lateral border of Sterno- 
cleidomastoideus ; the larger nerves derived from the plexus can be rolled under 
the finger against the lateral axillary wall, but cannot bo separately identified. 
The ulnar nerve can be detected in the sulcus nervi ulnaris behind the medial epi- 
condyle of the humerus, but is more easily fell about 2 cm. below the ell>ow’- joint. 
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Bony — Tbo bony landmarks as described above arc so readily 

available for surface recognition that no special measurements are required to 
indicate them. It xnay be noted, however, that the medial angle of the scapula 
is applied to the second rib, w]^e the inferior angle lies against the seventh. The 
intertubeicular sulcus ot the humerus is below tbe acromioclavicular joint when 
the arm hangs by the side of the body with the palm of the hand forwards. 
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Articiilatioiis. — The acwmiod^cmlar joint is situated in a plane passing sagitally 
through the middle line of the front of the arm. The line of the dbouhjoifU is 
not straight ; the humeroradial portion is practically at right angles to the long 
axis of the humerus, and is situated aiiout 2 cm. distally to the lateral epicondyle 


Fig. 1165. — ^The mucous sheaths of tho tendons on the front of the wrist and 
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the humero-uluar portion is oblique, and its medial end is about 2*5 cm. distally 
to the medial epicondyle. The position of the tmstrjoinl can bo indicated by 
dravring a curved line, with its convexity upwards, between the stvioid processes 
of tho radius and ulna ; the summit of the convexity is about 1 cna. a&>ve the centre 
of a straight line joining the two processes. 

MasdM.-'-The only muscles of the upper extremity which occasionally require 
definition by surface knes are the Trapezius, the Latissimus dorsi and the Pectorales 



SURFACE MARKINGS OP THE UPPER EXTREMITY 1251 


major and minor; The anterosuperior border of the Trapezius is indicated by 
a line from a point about 3 cm. laterally to the external occipital protuberance 
to the junction of the intermediate with the lateral third of the clavicle ; the line 
of the lower border extends from the spinous process of the twelfth thoiacic vertebra 


Ftg. 1156. — The mucous sheaths of the tendons on the hack of the wrist. 



to the root of the spine of the scapula. The upper border of the Lalissirms dtytsx 
is almost horizontaX running from the spinous process of the seventh thoracic 
vertebra to the inferior angle of the scapula and thence somewhat obliquely to 
the intcrtuliercular sulcus of the humerus ; the lower border corrcKponds roughly 
to a line drawn from the iliac crest about 2 cm. from tlie lateral margin of the 
Sacrospinalis to the intertubeieular sulcus of the humerus. The upper mai^n 
of the PeetoraUs major extends from the middle of the clavicle to the surgical n^k 
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of the humerus ; its lower border is practically in the line of the fifth rib and reaches 
from the fifth costochondral junction to the middle of the anterior border of the 
Deltoideus. The lines indicating the upper and lower borders of the Pectoralis 
minor begin at the coracoid process of the scapula and extend to the third and 
fifth ribs respectively, just laterally to the corresponding costal cartilages. On 


Fig. 1157. — Front of right upper extremity, showing surface iiiarkiiigs 
for bones, arteries, and nerves. 



the front of the cl bow- joint a triangular spac(‘ — the, cubital fossa -is mapped out 
for (ionvenicnce of roforence. The base of the triangle is a line joining the medial 
and lateral epieondyles of the humerus, while the sides are formed respecthely 
by the .salient margins of the Brachioiadialis and Pronator teres. 

Mucous sheaths.— On the volar surfaces of the wrist and Juind the nine )iia 
sheaths of the flexor tendons (fig. 1155) can be indicated as follows. The sheath 
for the Flexor poUicis longua extends from a point about 3 cm. above the uj)per 
edge of the transverse carpal ligamert to the terminal phalanx of the thumb. The 
common sheath for the tendons of the Flexor digitorum sublimi^ and Flexor digitorum 
profundus reaches about 4 cm abo\ e the upper edge of the transverse carpal ligament 
and extends into the palm to about the level of the centres of the metacarpal Imduos. 
The sheath for the tendoius to the little finger is continued from the common sheath 


Fig. 1168. -Buck of right upisr extremity, sliowiiig surface markings 
' for bonos and nerves. 



to the base of the terminal phalanx of this finger ; the sheaths of the tendons to 
the index, middle and ring fingers are separated from the common sheath by an 
interval ; they begin opposite the necks of the metacarpal bones and extend to the 
terminal ])halange^. The mucous sheaths of the exten.sor tendons are shown 
in fig. 1156 (sec also px>. 503, 504). 

&ierie8 (fig. 1157). — The course of the axillary artery can be indicated by 
abducting the arm to a right angle and drawing a line from the middle of the clavicle 
to the point where the tendon of the Pectoralis major crosses the prominence of 
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th(i Coracobracliialis. Of the branches of the axillary artery, the origin of the 
tAoroco-ocrowifaJ corresponds to the point where the axillary artery is crossed by 
the upper border of the Pectoralis nunor ; the lateral Oioracio follows the line of the 
lower border of the Pectoralis minor ; the subscajntlar is sufficiently indicated by the 
axillary border of the scapula ; tho scapular circumflex is given off the subscapular 
‘Opposite the midpoint of a line 
joining the lip of the acromion 
to the lower edge of the deltoid 
tuberosity, •while the humeral 
circumflex arferies arise from the 
axillary artery about 2 cm. above 
this. The course of the brachial 
artery is marked by a line drawn 
^from the medial border of the* 

*Coracobrachialis at the level of 
the posterior axillary fold to a 
point in front of the elbow-joint 
midway between the epicondyles 
of the humerus, and continued 
distally for 2*5 cm., where the 
artery bifurcates. With regard 
to the branches of the brachial 
artery — the arteriaprofundahrachii 
crosses the back of the huincius 
at the level of the insertion of 
Deltoideus ; tho nutrient artery 
arises opposite the middle of the 
body of the humerus ; a line from 
this point to the back of the medial 
epicondyle represents the superior 
ulnar collateral artery ; the inferior 
ulnar collateral artery arises about 
5 cm. above the fold of the elbow- 
joint and runs medialwards. 

Tho position of the radial 
artery in tho forearm is repre- 
sented by a line from the lateral 
margin of the tendon of the Bicep.s 
brachii in the centre of the cubital 
fossa, to the medial side of the 
front of the styloid process of 
the radius. The situation of the 
distal portion of the artery is indi- 
cated by continuing this line round the radial side of the \vrist to the proximal end 
of the first intermetacarpal space. 

On account of the curved direction of the ulnar artery, two liniis are required 
to indicate its course in the forearm ; one isjdrawn from the front of the medial 
epicondyle of the humerus to the radial side of tlic pisiform l)one ; the distal two- 
thirds of this line represent tho distal two-thirds of the artery ; the proximal third 
is represented by a line, convex medialwards, from the centre of the hollow in front 
of the elbow-joint to the junction of the upper with the middle third of the. Srst lino. 

The position of ihic' superficial volar arch (fig. 1159) is indicated by a line starting 
from the radial side of the pisiform bone, running distalwards for alxiut one-half 
of the length of the palm, and then lateralwards as far us the base of the thumb, 
with its convexity towards the fingers. The summit of the arch is usually on a 
level with the distal border of the outstretched thumb. The dcAip volar arch is 
transverse in rlirection, and is situated about 1 cm. nearer to the carpus. 

Nerves (figs. 1157, 1158). — In the arm the line of the median nerve is that for 
the brachial artery ; at the upper part of the arm it is lateral to the artery, whereas 
at the bend of the elbow it is medial to it. The course of the nerve in the forearm 
is marked by a line starting from a point just medially to the centre of one joining 
the epicondyles, and extending to the lateral margin of the. tendon of the Palmaris 
longus at the wrist. 


Fig. 1159. — ^Palm of left hand, sliowiiig position 
of skin creases and bones, and surface mark- 
ings for tho volar arches. 
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The vlnar nerve follows the line of the brachial artery in the upper half of the 
arm, but at the middle of the arm it leaves the artery and descends to the back 
of the medial epicondylc. In the forearm it is represented by a line from thb 
front of the medial epicondylc to the lateral side of the pisiform bone. 

The course of the radial nerve can be indicated by a line drawn from just below 
tlie posterior axillary fold, to the lateral side of the humerus at the junction of its 
middle with its lower third ; thence it passes vertically downwards on the front of 
the arm to^^Jae level of the lateral epicondyle. The course of the superficial radial 
nerve is reprearented by a continuation of this line to the junction oi the mid^e 
with the lower third of the radius ; it then crosses? the lateral border* of the radius 
and runs distalwards to the dorsum of the base of the first metacarpal bone. 

The axiUary nerve crosses the humerus about 2 cm. above the centre of a line 
joinin" the tip of the acromion to the lower edge of the deltoid tuberosity. 


SURFACE ANATOMY OF THE LOWER EXTREMITY 

Skin. — The skin on the medial side of the thigh and in the hollow of the groin 
is thin, smooth, and elastic, and contains few hairs except in the neighbourhood of 
the 08 pubis ; on the lateral side of the thigh it is thicker and the hairs are 
more numerous. At the junction of the front of the thigh with the abdomen is a 
well-defined furrow which indicates the site of the inguinal ligament ; the furrow 
presents a general convexity downwards, but its medial half, which is the better 
markei, is nearly straight. The skin of the buttock is fairly thick and as a rule 
is destitute of consjiicuous hairs except towards the post-anal furrow, where in some 
males they are abundantly developed. An almost transverse fold — thc/o2d of the 
hillock or qlutccal fold — crosses the lower part of the buttock ; it practically bisects 
the lower margin of the Glut®us maximus and is most evident when the hip-joint 
is extended. The skin over the front of the knee is covered by thickened epidermis ; 
it is loose and is thrown into transverse winkles when the leg is extended. The 
•skin of the log is thin, especially on the medial side, and is covered with numerous 
large hairs. On the dorsum of the foot the skin is thin, loosely connected to 
subjacent parts, and con^%ins few hairs; on the plantar surface, and especially 
over the heel, the epidermis is of great thickness, and here, as in the palm of the 
hand, there are neither hairs nor sebaceous glands. 

Bones. — The hip-Jmies are largely covered with muscles, and only approach 
the surface at a few points. In front, the anterior superior iliac spine is easily 
recognised, and in thin subjects stands out as a prominence at the lateral end 
of the fold of the moiii ; in fat s^rbjccts its position is indicated by an oblique 
depros.sion, at the bottom of which the bony process can be felt. Proceeding 
upwards and backwards from the anterior 8Uj)erior iliac spine the sinuously curved 
iliac crest can be traced to the posterior superior iliac spine, the site of which is 
indicated by a slight depression ; on the outer lip of the crest, about 6 cm. behind 
Ibe anterior superior spine, is the iliac tubercle. In thin subjects the pubic tubercle 
is very apparent, but in the obese it is obscured by the pubic fat ; it can, *iOwever, 
be detected by following the tendon of origin of the Adductor longus. Another 
part of the hip-bone which is accessible to touch is the ischial tuberosity, situated 
Wneath the Glutams maximus, and easily felt when the hip-joint is flexed, as it is 
then uncovered by muscle. 

The femur is enveloped by muscles, so that the only subcutaneous parts of it are 
the lateral surface of the greater trochanter and the lower expanded end of the 
bone. The site of the greater trochanter is generally indicated by a depression 
owing to the thickness of the Glutseus medius and Glutseua minimus whick project 
above it ; when, however, the thigh is flexed, and especially if it be cross^ over 
the opposite one, the trochanter produces a blunt eminence on the surface. The 
lateral condyle is more easily felt than the medial ; both epicondylea can be 
readily identified, and at the upper p^ of the medial condyle the sharp adductor 
tubercle can be recognised without mfficuity. When the Imeo is flexed a portion 
of the patellar surface of the femur is uncovered and is palpable. 

The anterior surface of the patdla is subcutaneous. When the knee is extended 
the medial border of the bone is a little more prominent than the lateral, and if 
the Quadriceps femoris be relaxed the bone can be moved from side to side. . When 
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tlit» joint is flexed the patella recedes into the hollow between the femoral ('ondyles 
and the upper end of the tibia, and is finnly applied to the femur. 

A considerable poition of the tihia is subcutaneous. At the upper end the 
condyles ckn be felt just below the knee ; the medial condyle is broad and smooth, 
and merges below into the subcutaneous surface of 'the body or shaft of the bone ; 
the lateral is narrower and more prominent, and on it, about midway between 
the apex of the patella and the head of the flbula, is the tubercle for the attach- 
ment of the iliotibial tract of the fascia lata of the thigh. In front of the upper 
end of the •bone, between the condyles, is the tuberosity, which is continuous 
below with tBe anterior crest of the bone. This crest can be idcntiiied in the 
upp<ir two - thirds of its 
extent as a flexuous ridge, 
but in the lower third it 
disappears and the bone is 
concealed by the tendons 
of the muscles on the front 
of the leg. Medially to the 
anterior crest is the broad 
subcutaneous surface. The 
medial malleolus forms a 
broad prominence, situated 
at a higher level and some- 
what farther forward than 
the lateral malleolus ; its 
anterior border is nearly 
straight ; on its posterior is a 
edge which forms the 
margin of the groove 
for the tendon of the Tibialis 
posterior. 

'Jhe only subcutaneous 
parts of the fibula are the 
head, the lower part of the 
body or shaft, and the lateral 
malleolus. The head lies 
behind and laterally to the 
lateral condyle of the tibia, 
and appears as a small pro- 
minent pyramidal eminence 
alightly above the level of 
the tibial tuberosity; its 
position can be readily locat^'d 
by foil wing the tendon of 
Biceps femoris downwards. 

The lateral malleolus is a 
narrow elongated prominence 
from which the lower third 
or half of the lateral surface 
of the body of the bone can 
be traced upwards. 

On the dorsum of the tarsus the individual bones cannot be distinguished, with 
the exception of the head of the talus which forms a rounded projcctioJi in front 
•of the ankle-joint when the foot is extended. The whole dorsal surface of the 
foot has a smooth convex outline, the summit of which is the ridge formed by 
the head of the talus, the navicular, the second cuneiform, and the second metatarsal 
bone ; from this it inclines gradually lateralwards, and rapidly medial wards. On 
the xnedial side of the foot the medial process of the tuberosity of the calnuneus 
and the ridge separating the posterior irom the medial surface of the bone are 
distinguishable ; in front of this, and below the medial malleolus, is the sustenta- 
culum tali. The tuberosity of the navicular is palpable alx)ut 2*5 cm. in front 
4>i the medial malleolmi.. 

Farther forwards, the ridge formed by the base of the Jirst metatarsci bone can 
be obscurely felt, and from this the body of the bone can be traced to the expanded 


shai'p 

medial 


Fio. 1160. — Front and medial aspect of right thigh. 
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benridth the base of the first phalanx is the medial sesamoid bone. 

the lateral side of 

Vh>. 1101. — Back c;f left lower extreinity. 
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On 
the 

foot, the most posteiior 
bony point is the lateral 
proce.ss of the tuberosity 
of the calcaneus, with 
the ridge separating the 
posterior from the lateral 
surface of the bone. In 
front of this the greater 
part of the lateral sur- 
face of the calcaneus is 
subcutaneous ; on it, be- 
low and in front of the 
lateral malleolus, the tro- 
chlear process, when pre- 
sent, can be felt. Farther 
forwards the base of the 
fifth metcUarsal hone is 
prominent, and from it 
the body of the bone 
(tan be traced forwards 
to the head. 

As in the case of the 
metacarpals, the dorsal 
surfaces of the meltttarsal 
bones arct easily defined, 
although their heads do 
not form prominences ; 
the plantar surfaces are 
obscured by muscles. 
The ^phalanges in their 
whole extent are leadily 
palpable. 

Articulations. — The 

hip-joint is deeply seated 
and cannot be palpated. 

The interval between 
the tibia and femur, in- 
dicating the level of the 
knee-joint, can always be 
easily felt. When the 
knee is semi-flexed, the 
medial border of the 
patella, the medial con- 
dyle of the femur, and 
the upper border of the 
medial condyle of the 
tibia, bound a triangular 
depressed area which in- 
dicates the position of 
the ioint and is in fro \t 
of the anterior end of 
the medial meniscus. 

The ankle-joint can be 
felt on cither side of the 
Extensor tendons, and 
during extension of the 
joint the superior articu- 
lar surface of the talus 
projects below the an- 
terior border of the lower 
end of the tibia. 
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Biceps femoris 
Popliteal fossa 


s Qafu!ricc%kit 


PatcUa 


^ Tuberosity 
of tibia 


Husdies. — Of the muscles of the thigh, those of the anterior femoral region 
(fig. 1160) contribute largely to surface form. The Temor fascice loUm produces a 
broad elevation immediately below the anterior part of the iliac crest and behind the 
anterior superior iliac spine ; from its lower border a groove caused by the iliotibial 
tract of the fascia lata extends downwards to the lateral side of the knee-joint. 
The upper portion of the Sariorius constitutes the lateral boundary of tlus femoral 
triangle, and, when the muscle 

is in action, for^ a prominent llti-i.-Lateral aspect of right Kg. 

obhque ndgt? which is contmued 
below into a rfattened plane and 
then gradually merges into a 

general fidness on the medial side ^|||^ ' - Qut'u/riccps 

of the knee-joint. When the i 

^artorius is not in action, a . 

^presfflon cxista between tlie uicep. 

Quadneepa femoris and tlie Ad- PoplUeal fossa ^ 

duct ores and extends obliquely JR ' > # 

downwards and medial wards 

from the apex of the femoral Tuberosity 

triangle to the side of the knee. of tibia 

In the angle between the Sar- 

torius and Tensor fasciae latac, V 'W 

just below the anterior superior aastrocncrniu M";* .JT 

iliac spine, the Rectus femoris Pcron<eus M ' / 

appears, and its borders can be long us ^ f 

defined when the muscle is in Hfe#! Tibiaiis anterior 

action. The Vastus lateralis 

forms a long flattened plane / 

traversed by the groove of ' 

the iliotibial tract. The Vastus 

medialis causes a considerable / 

prominence on the medial side of j 

the lower half of the thigh ; this / 

prominence increases towards 

the knee and ends somewhat i 

abruptly Avith a full curved out- j K 

line. The Vastus intermedivs is malleolus RJm. 
completely hidden. The Adduc- \ 

tores cannot be difierentiated 
from one another, with the 

exception of the tendon of origiii W , X 

of the Adductor longus and th(5 l A A 

lower tendon of the Adductor ‘ 


(iastrocnemiu 

Pcroneeujt 

longuii 


' Tibiaiis anterior 


Lateral 

malleolus 




magnus. When the Adductor 

lorigiis is in action its tendon of origin stands out as a piominent ridges running 
obliquely dowmwards and lateralwards from t'le neighbourhood of the pubic tubercle, 
and forming the medial border of the femoral triangle. The lower tendon of the 
Adductor magaus is felt as a short ridge extending downwards between the Sartorius 
and Vastus medialis to the adductor tubercle on the medial condyle of the hunur. 
The Adductors fill the triangular space at the upper part of the tliigh, between 
the femur and the pelvis, and to tliem is due the contour of the medial border of 
'be thi^b, the OracUis contributing largely to the smoothness of the outline. 

The GlutcBUs tnazimus (fig. 1161) forms the full rounded outline or the buttock ; 
it is prominent behind, compressed in front, and ends' at its tendinous insertion 
in a depression immediately behind the greater trochanter ; its low(»r border crosses 
the glutaeal fold obliqu9ly downwards and laterahvards ; the lower jjart of its 
medial Imrder is separated from the corresponding part of the opposite muscle 
by the deep glutaeal cleft. The upper part of the GltUasm medim is visible, but 
its lower part, together with the Gluiceus minimus and the external rotators of 
the thigh, is completely hidden. The hamstring muscles appear from beneath 
the lower margin of the Glutseus maximus ; at first they arc narrow and not well 
defined, but as they descend they become more prominent and eventually divide 
into two well-marked ridges formed by their tendons ; these constitute tne upjMir 
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boiui(laii<>a of the popliteal fossa. The tendon of the Biceps f^noris is a thick 
cord running to the head of the fibula : the tendons of the SemimemJ^cmesus and 
Semitmidhioms run niedialwards to the tibia and are separated by a slight furrow ; 
the Semitondinosus is the more superficial, and can be felt in certain positions 
of the limb as a sharp cord, while the Semimembranosus is thick and rounded. 
The Gracilis is situated a little in front of them. 

The Tihudis anterior (fig. 1162) presents a fusiform enlargement at the lateral 
side of tlfc^i^ia and projects beyond the anterior crest of the bone ; its tendon can 
be tracinl onlfhe front of the tibia and ankle-joint and thence along tto medial side 
of the foot to the base of the first metatarsal bone. The fleshy fibres o5 the Peroncem 
Iwigus are strongly marked at the upper part of the lateral side of the leg ; it is 


Fig. 3163. — The mucous sheaths of the tendons round the ankle. Lateral aspect. 



8e}>arated by fiirro\\'.s fum the Extensor digitoium longus in front and the Soleus 
iK^hiiid, Below, the fleshy fibres end abruptly in a tendon which overlaps the more 
flattened elevation of the Pcrmiceus hrevis ; oelow the lateral malleolus the tendon 
of the Peronacus brevis is tlic more marked. 

On the dorsum of the foot (fig. 1163) the tendons emerging from beneath Ihe 
tranavei’sc and cruciate crural ligaments spread out and can be distinguished as 
follows : the most medial and largest is the Tibialis anterior, the next is the Extensor 
hallucis proprius, then the Extensor digitorum longus dividing into four tendons 
to the second, third, fouiih, and fifth toes, and lastly the Peronaous tertius. The 
Extensor digitorum hrevis produces a rounded outline on the dorsum of the foot 
and a fulness in front of the lateral malleolus. The Interossei dorsales bulge betw^een 
the metatarsal bones. 

At the back of the knee is the |)opliteal fossa, bounded above by the tendons of 
the hamstrings and below by the Gastrocnemius. Below this fossa is the prominent 
fleshy mass of the calf of the leg produced by the Gastrocnemius and Soleus 
(fig. 1161). When these muscles arc in action the borders of the Gastrocnemius form 
two well-defined curved lines which converge to the tendo calcaneus ; the medial 
l)order is the more prominent. At the same time the edges of the Sdeus form, on 
either side of the Gastrocnemius, curved eminences, of which the lateral is the longer. 
The fleshy mass of the calf ends somewhat abruptly in the tendo calcaneus, which 
tapers in the upper three-fourths of its extent but widens out slightly below. When 
the TiiiaUs posterior is in action, its tendon produces a well-defined ridge behind 
the me^al border of the lower part of the tibia. 

• On the sole of the foot the Abductor digiti qmnti forms a narrow rounded 
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elevation on the lateral side, and the Abdut^ hallucis a lesser elevation on the medial 
side. The Flexor digUomm brevis, bound down by the plantar aix)neurosis, is not 
very apparent ; it produces a flattened form, and the thickened skin underlying 
it is thrown into numerous wrinkles. 

Arteries.'— The /emoroi artery is readily felt as it crosses the brim of the pelvis ; 
i» its course down the thigh its pulsation becomes gradually more difficult of 
recognition. When the knee is flexed the pulsation of the jmpliteal artery can 
easily be detected in the popliteal fossa. 

The aiiterior tibied artery is superficial on the lower part of the front of the tibia 
and can be tralbed over the ankle into the dorsalis pedis artery \ the latter can 
be followed to the proximal end of the first intermetatarsal space. The pulsation 


Fio. 1164. — ^The mucous sheaths of the tendons round the ankle. Medial a^pt.et. 



of the posterior tihial artery is evident near the lower end of tin h:ick of the til>ia. 
and is easily detected behind the medial malleolus. 

Veins. — By compressing the proximal trunks, the venous arch on the dorsum 
of the foot and the great and small saphenous veins (sec pp 605, 696) arc rendered 
visible. 

Nerves. — The only nerves of the lower extremity which can bo located by 
pai tion are the (1) common jjeronceal nerve as it winds round the lateral side of 
til' ck o^ the fibula, and (2) the tibuil nerve as it descends behind th(‘ lower end 
of vo ) ‘^ibia. 


SURFACE MARKINGS OP THE LOWER EXTREMITY 

Bony landmarks. — The anterior superior iliac d[»iuc is at the level of the 
sacral promontory- *the posterior at the level of the spinous process of the second 
sacral vertebra. A honzontal line through the highest points of the iliac create 
passes also through the spinous process of the fourth lumbar vertebra, while, as 
already pointed out (p. 1235), the tianstubercular plane through the tubercles 
on the iliac crests cute the body of the fifth lumbar vertebra. The upper margin of 
the greater sciatic notch is oi^posite the sjpinous proce^ of the third sacral vertebra, 
and iflightly below this level is the posterior inferior iliac spine. The surface mark- 
ings of the posterior inferior iliac spine and the ischial spine are in a line which joins 
the posterior superior iliac spine to the outer part of the ischial tuberosity ; the 
posterior inferior spine is 5 cm. and the ischial spine 10 cm. below the posterior 
superior spine ; the ischial spine is opposite the first piece of the coccyx. 
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With the body in the erect posture the line joining the pubic tubercle to the top, 
of the greater trochanter is nearly horizontal-; the middle of this line overlies 
the acetabulum and the head of the femur. 

A line used for clinical purposes is that of Nelaton (fig, 1165), which is drawn 
from the anterior superior iliac spine to the most prominent part of the ischial 
tuberosity ; it crosses the centre of the acetabulum and the upper border of the 
greater trochanter. Another surface marking of clinical importance is Bryant’s 
triangle -'^hich is mapped out thus : a lino from the anterior superior iliac spine 
to the top bf the greater trochanter forms the base of the triangle*; its sides are 
formed respectively by a horizontal line carried backwards from the Anterior superior 
iliac spine and a vertical lin(^ from the top of the greater trochanter. 



Articulations.— The posterior superior iliac spine overlies the centre of the 
sacro-iliac articulation. 

I The Mjhjoint may be indicated, as described above, by the centre of a horizontal 
line from the pubic tubercle to the top of the greater trochanter ; or by a point 
below and slightly lateral to the middle of the inguinal ligament. The knee-joifit 
is superficial and requires no surface marking. The level of the ankle-joint is that 
of a transverse line about 1 cm. above the level of the tip of the medial malleolus. 
If the foot l>e extended, the head of the talus appears as a rounded prominence 
on the medial side of the dorsum ; between it and the tuberosity of the navicular 
is the talonavicular joint. The calcaneocuboid joint is midway between the lateral 
malleolus and the prominent base of the fifth metatarsal bone ; the line indicating 
it is parallel to that of the talonavicular joint. The line of the fifth tanowMtarsai 
joint IS very oblique ; it starts behind the projection of the base of the fifth metatarsal 
bone, and if continued would pass through the head of the first metatarsal. The 
lines of the fourth and third tarsonietaJtarioA joints are less oblique. The first tarso- 
metatarsal joint corresponds to a groove which can be felt by making firm pressure 
on the medial border of the foot 2-5 cm. in front of the tuberosity of the navicular ; 
the position of the second tarsometatarsal joint is 1*25 cm. behind this. The meta- 
tarsophalangealjohits are about 2*5 cm. behind the webs of the corresponding toes. 

Muscles. — The muscles do not require surface lines to indicate them, but there 
are three intermuscular spaces which must be identified, viz. : the femoral triangle, 
She adductor canal, and the popliteal fossa. 
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The femoral triangle is bounded above by the inguinal ligament, laterally by 
•the medial border of the Sartorius, and medially by the medial border of the 
Adductor longus. In the triangle is the fossa ovalis (saphenous opening), through 
which the great saphenous vein dips to join the femoral ; the centre of this fossa 
is about 4 cm. below and lateral to the pubic tubercle, its vertical diameter measures 
about 4 cm. and its transverse about 1'5 cm. The centre of the femoral ring is 
about 1*25 cm, lateral to the pubic tubercle. 

The adductor canal occupies the medial part of the middle third of the thigh ; 
it begins at the apex of the femoral triangle and lies deep to the vertical part- of the 


Flo. 11C6. — Front of right thigh, showing 
surface markings for bones, femoral 
artery, and femoral nerve. 



Fig. 1167. — Lateral aspect of right leg, 
showing surface markings for bones, 
anterior tibial and dorsalis pedis 
arteries, and deep poronrciil norvo. 



Sartorius. The 'popliteal fossa bounded, abovt* nnd medially by the tendons of 
the Semimembranosus and Somitendiiiosus, above and laterally by the, tendon 
of the Biceps femoris, below and medially by the medial head of the Gastrocnemius, 
below and laterally by the lateral head of the Gastrocnemius and the Plantaris. 

Hacoufl sheaths. — The positions of the mucous sheaths round the tendons about 
the anJde-jomts are sufficiently indicated in figs. 1163, 1164 (see also pp. 536, 537). 

ArterieB. — The points of emergence of the three main arteries on the buttock, 
viz. the superior and inferior glutseal arteries and the internal pudendal artery, 
may be inmeated in the following manner (fig. 1168). With the femur slightly 
flexed and rotated inwaids, a line is drawn from the posterior superior iliac spine 
to the posterior superioi angle of the greater trochanter ; the point of emergence 
of the superior glutceal artery from the upper part of the greater sciatic foramen 
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corresponAs to the junction of the upper with the middle third of line* A seeo^ 

line is diawn froiii the postexiot# 

Fig. U68.— Back of left lower extremity, showing 
<iurface niavkinga for bones, vessels, and nerves. 



superior iliac spine to the 
outer part of the ischial tuber- 
osity ; the point of emergence 
of the inferior glutwal and 
irUemci jnidendal a/rtmea from 
the lower part of the greater 
sciatic foramen corresponds to 
the junction of^ils middle with 
its lower third. The course of 
the femoral a/rterif (fig. 1166) 
is represented by* the upper 
two-thirds of a line from a 
point midway between the 
anterior superior iliac spine 
and the symphysis pubis to 
the adductor tubercle of the 
femur, with the thigh abducted 
and rotated outwards ; the 
profunda femms rises from it 
about 3 cm. below the inguinal 
ligament. The course of the 
upper part of the 'pojiliteal 
artery (fig. 1168) is indicated 
by a line from the lateral 
margin of the Semimembran- 
osus at the junction of the 
middle with the lower third 
of the thigh to the middle of 
the popliteal, fossa ; frofh this 
point it runs vertically down- 
wards to the level of a line 
through the lower part of the 
tibial tuberosity. The line 
indicating the anterior tibial 
artery (fig. 1167) is drawn 
from the medial side of the 
head of the fibula to a point 
midway between the malleoli ; 
the artery begins about 3 cm. 
below the head of the fibula. 
The dorsalis pedis artery is 
represented by a line from the 
centre of the interval between 
the malleoli to the proximal ' 
end of the first intermetatarsal 
space. 

The courae of. the posterior 
tibial artery (fig. 1168) can be 
shown by a line from the end 
of the popliteal artery, i.e. 
2*5 cm. oelow the centre of 
the popliteal fossa, to npdway 
between the tip of the medial 
malleolus and the centre of 
the convexity of the heel ; 
its miun branch, the peronaab 
artery ^ begins about 7 or 8 om. 
below the level of the knee-, 
joint and follows the line at 
the fibula to the back of the 
lateral maOec^us. Tht meMjal 
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and UUerdl jdamUar, arteries begin from the end of the postedor tibial ; the medial 
exteinds to tile middte of the ball of die great toe, the lateral to mthui> ^ger’e 
breadth of the tuberosity of the fifth metatarsal bone ; from this latter point the 
plantm emh crosses the foot to the ptommai ctid of the first intermetatarsal spa^. 

Veins. — ^The line of the grecA saphenous rmn is from the front of the medial 
malleolus to the centre of the fossa ovalk (saphenous opening) ; the small mpheruim 
vHn runs from the back of the lateral malleolus to the oenti’e of the popliteal fossa. 

Herves.— When the thigh is rotated outwards the course of the sciatic nerve 
(fig. 1168 ) can bejndicated by a line from a point midway between the outer border 
of "the ischial tuberosity and the posterior simerior angle of the greater trochanter 
to the upper angle of the popliteal fossa. The continuation of this line vertically 
through the centre of the popliteal fossa represents the position of the tibial nerve, 
while the common peronced nerve follows the line of the tendon of the Biceps femoris. 
The lines for the deep peronceal nerve and the continuationof the tibial nerve correspond 
mspt'ctively to those for the anterior and posterior tibial arterie^. 
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Angle, inferior lateral of | 

sacrum, 173 
iddial or filtration, 053 
Angle of Louis, 182 
of mandible, 236 
of os pubis, 302 
of rib, 187 
sacrovertcbral. 171 
of sternum. 182 
subcostal, 101 
Angular artery, 584 
gyrus, 800 
iilovejjoont, 345 
vein, 673 

Angulus I idovici, 182 
Animal c( 1 
Anlde-inmt, 411 
applied anat nny of, 41 3 
movements of, 413 
relations of tendons and 
vessels to, 412 
surface anatomv of, J 266 
Annular lifiiimenc, anterior, ofi 
Hiik'j. .>35 
external, 535 
intern al, 5^15 

of 8« : ;•** I ior radio- ulnar 
jem* 376 

of vTi^ti, anterior, 500 
pO! or, 502 
plexus of c'.rnr ,, 955 
nQinilu.:' fibroBUs* of inter- 
vert *~ral fibrocartilage, 
350 

aljs, 557 
siapeclis, 108 

tendinous communis, 070 ' 
Anococcygeal body, 1121 
nerves, 927 
raphe, 470, 472 
Anorchism, 1167 
'AnoBmi&,^8 
Ansa hy^^glosii 894 
lentiformist 820, 823 
en]i>clairia (Vieussenii), 032 
Aftterolateral ganglionic ar- 

muscle# abdomen, 456 
. Anteromedial 
teries, 599 

Anteroposterior diameter of 
pelvis, S05 

Antibiaobial faeoia^ 491 
coianeoue nerve, doriuil, 095 
lateral, 890 
medial, 900 

interosseous membrane, 3'^7: 


Antibrachial vein, median, 689 
Antibracbial muscles, dorsal, 
496 

volar, 491 

Anticlinal vertebra, 167* 
Antibolis; 979 
Antilragicus muscle, 981 
Antitragus, 980 

Antrum cardiacum, 1081, 1098 
of Highmore, 226, 950 
mastoid, 986 
pyloric, 1099 
tympanic, 206, 986 
entrance to, 086 
Amis, 1122 

lymphatic vessels of, 731 
AortA, 571 
abdominal, 631 
applied anatomy of, 032 
branches of, 632 
surface marking of, 1240 
arc.b of, 673 

applied anatomy of, 573 
branches of, 574 
peculiarities of, 574 
peculiarities of, 573 
ascending, 571 

branches of, 671 
bulb of, 571 
descending, 627 
Aorta, thoracic, 627 

applied anatomy of, 620 
branches of, 629 
Aortse, ventral, 1 19 
dorsal, 120 
primitive. 111 
Aortic arches, 112, 119 
ladies, 101, 1208 
hiatus, in diaphragm, 453 
isthmus, 121, 573 
lymph-gland.*), 726 
orifice, 501 

semilunar valves, 561 
septum, 117 
sinuses, 561 
spindle, 573 
vestibule, 561 
Aortioorenal ganglion, 038 
Ape-liko hand, 907 
Apertura piriformis, 258 
tympanica canaliculi choT’daj, 
085 

Aperture, anterior nasal, 258 
inferior of pelvis, 306 
superior, 305 

Apertures, posterior nasal, 258 
Apex of fibula. 322 
of heart, 553 
of nose, 943 
of sacrum, 175 
Aponeuroses, 4^5 
Aponetuosis, epicranial, 427 
of obliquus externus, 458 
palai^, 1073 
palmar, 50S 
plantar, 537 
suprahyoid, 440 
Apbneurotiu falx, inguinal, 
468/ 

ApoplS^r 534 
ingca^'caoent, 834 
Appafi^ digestive, 1045 
development of, 128 
eiToretory of liver, 1140 
laonmal, 976 
rempiratory, 1016 
.development of,. 142 
oiogepltal, 1143 
-1^. 4 L 


Appendages of skin, 1011 
hairs, 1012 
nails, 1011 

sebaceous glands, UH 1 
sudoriferous or sweat- 
glands, 1014 

of testis and epididymis, 
1165 

Appendices epinioit'A), 1090, 
1114, 1122 
testis, 149 
vesiculoao 0 , ll8i: 

Appendicular artery, t''38 
part of skeleton, 1 >0 
Appendix of epidid uis, 1165 
of testis, 1 165 
of ventricle of larynx, 1923 
vermiform, 1116 
Applied Anatomy of — 
abdominal aorta. 632 
abducent rve 860 

accessory f ;ii, 882 

acoustic iCt'Vf. 874 
acTomio. ' * I'uiar joint, 
368 

addu (. V longus, 522 
ankh joint, 413 
anterior facial vein, 674 
anh I ior tiSial artery, 665 
antrum of Highmore, 227 
arch of aorta, 573 ^ 
arteries, 569 

ascending pharyngeal ar- 
tery, 581 

atrioventricular bundle, 
565 

auditory tube. 992 
axilla, 481, 612 
axillary artery, 614 
fascia, 481 
lymph-glands, 720 
nerve, lS)6 
vein, 690 
azygos veins, 693 
biceps brachii, 490 
bilo-duct, 1143 
bone, 24 

bones of foot, 340 

of forearm, 280, 511 
of hand, 298 
of leg 324, .>^1 
of pelvis, 308 
of skull, 262 
brachial artery, 618 
plexus, 906 
brain. 8.38 

Ij •■nche.s of hypogastric or 
intern; ' 'licC artery, 644 
bulb of eye, 066 
carotid artery common, 
578 

c il, 579 
in «'i'nal, 596 
carpal b«.>ne3, 298 
cavernous sinus. 084 
oereboUim. 78l 
cerebrospinal fluid, 844 
coivical fascia, 437 
lymph-glands, 718 
plexus, 895 
ribs, 192 
chorioid, 967 
circumflex nerve, 906 
clavicle. 273, 510 ' 

coccyx, 309 
colon, 1127 

common eirotid artery^ 
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Applied Anatomy of— 

common iliac artery, 643 
peronieal nerve, 928 
conjunctiva, 979 
cornea, 966 

' coronary artmes, 672 
coxal articulation, 398 
cubital articulation, 379 
dcltoideuST 486 
descending palatine artery, 
690 

dorsalis pedis artery, (566 
elbow-joint, 379 
emissary veins, 687 
extensor tendons of fingers 
and thumb, 600 
external acoustic meatus, 
983 

carotid artery, 579 
ear, 983 
iliac artery, 651 
jugular vein, 675 
maxillary artery, 684 
eyelids, 078 
facial artery, 684 
nerve, 871 
vein, anterior, 674 
fascia colli, 437 
fascia of axilla, 481 

of psoas and iliacus, 

« 515 

femoral artery, 656 
nerve, 927 
femur, 316, 542 
abula, 324, 544 
filtration angle of eye, 968 
fingers, 605 

flexor sheaths of fingers, 
605 

foot, bones of, 330 

joints of, 422 ' 

forearm, bones of, 286 
gall-bladder 1142 
g]uta?al arteries, 651 
gums, 1047 
bieinoiThoidal venous 
plexus, 700 

hr instring tendons, 527 
band, bones of, 298 
hewt, 566 
^ hip-joint, 398 

humeral articulation, 372 
humerus, 278, 510 
hypogastric artery, 644 
hypoglossal nerve, 884 
hypophysis, 800 
iliao iHScia, 616 
inferior epigastric artery, 
662 

inferior vena cava, 702 
inguinal and subinguinal 
glands, 723 

innominate artery, 675 
. mtercostal arteries, 630 
nerves, 010 
internal capsule,^ 834 
carbtld «rtm, 696 
ear, 1004 
iliac artery, 644 
jugular v«B, 677 
mammal^ artery. 610 
intervertebral fibrnarti- 
lagee» • 
ifitestiiie, I4rge, 112T 
8i»a%,tl89 
irSB,967 

ischidieQlal |g^ 47S^ 
}ointadffoc4ii,4ilS 


Applied Anatomy of- 
kidneys, 11& 


kidneys, iiou 
knee-jotot, 408, 527 
labyrinth of ear, 1004 
lacrimal apparatus, 079 
laryngeal nerves, 881 
larynx, 1030 
leg, bones of, 324 
lens, 968 

lienal (splenic) artery, 636 
ligamentous action of 
muscles, 346 
lingual artery, 682 
liver, 1142 

long thoracic nerve, 906 
lumbar plexus, 027 
lungs. 1043 

l^mph-glands and lym- 
phatic vessels, 710 
mamma, 1194 
mandible, 348 
maxillary sinus, 227 
median cubital vein, 689 
nerve, 907 

mediastinal cavity, 1036 
medulla oblongata, 772 
spinalis, 759, 838 
meninges, 844 
mesenteric arteries, 639 
lympb-claDds, 728 
metacarpal Dones, 298 
metatarsal bones, 340 
metatarsophalangeal joint 
of toe, 420 
middle meningeal artery, 
680 

motor and sensory neurons, 
838 

motor and sensory tracts, 
834 

musL!>'s, 424 

of bulb of eye, 973 
of lower extremity, 
542 

of upper extremity, 
610 

of vertebral column, 
460 

mus- uiospiral nerve, 907 
nose and nasal cavities, 960 
obturator nerve, 927 
oesophagus, 1082 
ocular muscles, 973 
oculomotor nerve, 853 
olfactory nerves, 848 
optic nerve, 850 
ovary, 1181 
palate, 264 

palmar or volar arches, 627 
aponeurosis, 606 
panerm, 1132 
parametrium, 1189 
parathyreoii glands, 1198 
parojtia s^ds, 1054 
patella, 3^ 644 
pelvis, 3W ijL 
penis, llvo * i 
pericardium, 663 
peritonchifossaa, 1098 
phalanges, 298 
P&atyivi^l079 
phr# 896 

piheaf miy« ^8 
pituitary ^y, 000 . 

pleatm ^h, 069 


Applied ^ ^ 

pleuru, UI04 ' ' 

pons, 776 

^ pdpHteaL artery, 66} 
Imph-g^nds, 723 
portal system of veins, 706 
posterity tibial artem 667^ 
pronator teres musefe, 492* 
prostate, 1177 
prostatio venous plexus, 
701 

j)roximal raXUo-ulnar arti- 
culation? 379 
psoas major muscle, 616 
pulmonary artei^, 670 
quadriceps femoris muscle, 
519 

radial artery, 622 

nerve, 907 ( 

radiocarpal joint, 384 
radius, 287, 379, 511 
recti muscles of eye, 973 
tectum, 1127 
rectus femoris, 519 
retina, 908 
ribs, 191 

sacral plexus, 927 
salivary glands, 1054 
saphenous veins, 697 
sartorius, 618 
scalp, 427 
scapula, 271 

sciatic (inferior gluteeal) 
artery, 661 
nerve, 927 
sclera, 967 
scrotum, 1172 
septum of ton^^c, lOG'.) 
serratus anterior, 485 
sheath of psoas muscle, 
^ 515 

' shoulder-joint, 372 
skull, 262 

small intestine, 1123 
spermatic plexus, 939 
sphenoidal bone, 203 
. spinal ganglia, 760 
spleen, 1204 

splenic or lienal artery, 635 
stemoolavicular joint, 306 
steTUOoloidomastoidous, 

439 

Btemum, 191 
stomacl^ 1106 
subclavian artery, 604 
superior thyreoid artery, 
681 

sagittal sinus, 681 
I vena cava, 693 

' suprarenal glands, 1207 
sympathetic nervous sys- 
tem, 940 
tarsal bones, 3^0 
joints, 4i8 
teeth, 1064 

temporal artery, super* 

tepigWDiMtodibnlar 

teod^ of leg foot, 

f«^li)air.T!tinL 703 . 
llfft < 

ilioam 329 . 

. ■ 

'WKvoitifiid ; 
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581' 

' gland, U07 
tibm,324,644 
tongue, 1069, 1071 
palatine tonsils, 1073 
* trachea^ 1030 

tracheobronchial glands, 
737 

triceps brachii, 401 
trigeminal^erve, 863 
trochlear netre, 853 
tympanic cavity, 992 
ulna, 286, 511, 512 
ulnar artery, 624 
nerve, ^7 
ureter, 11^ 

\ urethra, 1162 
' urinary bladder, 1159 
uterine tube, 1183 
uterus, 1189 
vagus nerve, 881 
veins in front of elbow, 689 
vena cava, inferior, 702 
superior, 693 

vertebral column, 181, 351, 
358,450 

vesicuIsB scm inales, 1170 
volar arches, 627 
wrist-joint, 384 

Aqunductus cochlea, 208, 996 
Fallopii, 207, 986 
vestibuli, 207, 993 
Aqueduct, cerebral, 793 
of Sylvius, 793 
Aqueous humour, 964 
Arachnoid, cerebral, 842 
spinal, 842 
structure of, 842 
Aroohnoideal granulations, 844 
structure of, 845 
Arantii, corpus, 559, 561 
Arbor vitee of cerebellum, 778 
uterina, 1186 

Arc, longitudinal, of skull, 261 
Arch, alveolar, 228 
of aorta, 573 
appli^ anatomy of, 573 
branches of, 574 
peculiarities of, 573 
axillary, 480 
carotid, 120 

of cricoid cartilage, 1018 
glossopalatine, 10712 
hyoid, 78 

iogular venous, 675 
lumbocostal, lateral, 452 
medial, 452 
mandibular, 77 
palmar, deep, 623 
supemoial, 627 
pharyng(^atine, 1072 
plantar, 668 
pttbie, 306 

tendinous, of pelvic fasoia, 
468 , 

tertebrhl, 161 

, aygomat 10 ^ 246 
A:roneittfficon;, 50 
Af(^ie8, aortic, 112. 119 
branohial, 77 . 
cotiioal, of Iddn^, 1147 ; 
of 1072 « ' 

Of foot, 420 
of soft palate, 1072 


Aiohe% primitive oostal^ 71 
auperoil^, 214^ 248 
visceral, 77 
Arcuate artery, 666 
fibres, external, 769 
internal, 767 
fibres of cerebellum, 781 
ligamentaof diaphragmj 452 
lino of ilium, 298 
nucleus, 771 
popliteal ligament, 402 
panic ligament, 390 
Arcus parmto-OQoipitalis, 809 
Area acustioa, 786 
auditopi^ohio, 833 
auditosensory, 832 
facials, 207 

for heat, cold and pain, 833 
for muscular sense, 833 
for sense of smeU, 833 
for sense of taste, 833 
for tactile sense, 833 
motor, 831 
oval of Fiechsig, 758 
pericardial, 51 
postrema, 786 
vasculosis 109 
vestibularis inferior, 207 
superior, 207 
visuopsychio, 832 
visuosensory, 831 
Areas of Cohnheim, 31 
asBociational 830 
olfactory, 79 
Areola of mamma, 1193 
Areolse of bone, primary, 22 
secondary, 23 
Areolar glands, 1193 
tissue, 7 

white fibres of, 7 
yellow or elastic fibres 
of, 8 

Argyll-Hobertson pupil, 838 
Arm, fascia of, 488 
muscles of, 488 

Arnold, canaliculus innomina* 
tUB of, 200* 
nerve of, 879 
Arreotores pilorum, 1014 
Aitoria anastomotica magna, 
of arm, 619 
of thigh, 660 
anonyma, 575 
centralis retinss, 597, 964 
cervicalis profunda, 611 
oomitans nervi Isohiadici, 640 
nervi phrenici, 609 i 

dorsalis iiallucis, 666 
pedis, 665 
femoris, 658 

intercoBtalJs supremo, 611 
magna hallucls, 669 
m^na, 121, 625 
pancreatioa magna, 635 
prinoeps cervicis, 585 
poU&is, 623 
profunda brachii, 619 
transveisa coOi, 611 
volaris indicis radialis, 623 
Aartorisl circle of Willis, 601 
, . mesoesirdium, 551 
Artarimproprimrenale^^ 1149 
recte 11& 

Arterfoaolerosis, 569 
Arfeety or Aftexieth-^ 
abifeminal ai^rta, 631 
;^M)eesaK)ry pudendal^ 640 


Artery or Artezfos , 

alar, of nose, 584 
' alveolar* anterior sopjfrfor, 
500 

inferior, 589 
posterior superior, 590 
anastomoses 01 , 569 
anastomotio branch of in- 
ferior glutasal 640 
anastomotica magna of 
brachial, 619 
of femoral, 660 
angular, 684 
anterior oerebral, 503 
chqrioidal 001 
ciliary, 598 
communicating, 598 
ethmoidal, 598 
humeral circumflex, 610 
inferior cerebellar. 608 
lateral malleolar, 665 
medial malleolar, 665 
mediastinal, 609 
meningeal, 598 
spinal 607 

superior alveolar, 590 
, tlbial 604 
tympanic, 587 

anteroIateraJ* ganglionic, 601 
anteromedial ganglionic, 59{1 
aorta, 571 

abdominal 631 * 

arch of, 673 
ascending, 571 
descending, 627 
thoracic, 627 
appendicular, 638 
applied anatomy of, 509 
arcuato, 666 

articular, of knee, 662, 003 
ascending cervical, 610 
palatine, 584 
pharyngeal 581 
arteriosclerosis of, 569 
auditory, internal, 608 
auricular, anterior, 586 
deep, 587 
of occipital, 585 
postermr, 580 
axillary, 013 

azygos, articular of knee, 663 
of vagina, 645 ^ 

basilar, 608 
brachial, 617 
of brain, 601 
cortical system, 602 
i ganglionic system, 601 
bronchial, 629, 1043 
buccinator, 590 
cecal, of ildbeolio, 638 
calcanean, lateral 668 
medifd, 668 
caroticotympanic, 596 
carotid, common, 576 
external 579 
internal, 594 
carpal dorsal, 622, 
volar, 622, 625 
carpal network, dtwsal 623 
volar, 622 
oavemous, 596 
oeutral of ratina, 597^ 964 
oorebeliar, anterfor inferior, 
608 

posterior inlerimr, 608 . 
superfor, 608 
. cevebj^. aBtetfor, 598 
middfo,599 
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Artery o«. Arterieg {c(nU,) i 
rerel/rftJ, posterior, 608 
of retebrai luemorrh^gB, 600 
fcrTica], ascendiiiil^ 610 
sOporiicial, 611 
tran^tveri^, 611 
cervicalis profonda, 611 
chorioidal, anterior; 601 
posteriof^'^SOS 
ciliary, 697 
circle of Willis, 601 
ciroulus arteriosus major, 
697 

minor, 698 

Circumflex, anterior humeral, 
616 

external, 668 
internal, 668 
lateral femoral, 668 
medial femoral, 658 
jiosterior humeral, 616 
scapular, 616 

coccygeal, of inferior gliitseal, 

cochlear, 1004 
ccelioc, 632 
colic, left, 638 
of ileocolic, 638 
middle, 638 
right, 638 

collateral circulation, 669 
comitans iiorvi ischiadici, 649 
nervi phrenici, 609 
common carotid, 676 
iliac, 642 
interosseous, 626 
volar digital, 627 
communicating, anterior, 698 
of dorsalis pedis, 666 
of peroneal, 668 
posterior, iKK) 
of posterior tibial, 668 
coronary, of heart, 671 
of lips, 684 
of stomacli, 633 
of corpus oavernosum ponis, 
647 

cost<xjervical, 611 
c: emasteric, 652 
cricothyrooid, 680 
cystic, 636 

^ deep auricular, 687 
epigastric, 652 
external pudendal, 657 
iliac circumflex, 652 
pabuar arch, 623 
of penis, 647 
plantar, 660 
temporal, 589 
volar branch of ulnar, 626 
dental, inferior, 689 
posterior, 600 
descending aorta, 627 
branch of occipital, 586 
palatine, 500 
development of, 118 
digital, volar, 627 
distribation of, 660 
dorsal carpal of radial, ( 
of ulnar, 626 
interosBOOtts, 625 
metacarpal, 623 
first, 623 
metatarsal, 666 
plantar, 669 
first, 660 
nasal, 608 
of pe^ 647 


Artery or Arteries (con^.) j 
segmental, 121 
dorsales lins^ 582 
dorsalis halmcis, 666 
pedis, 665 
scapuhe, 616 
of ductus deferens, 644 
epigastric, deep or inferior, 
G52 

superficial, 657 
superior, 609 
ethmoidal, 598 
external carotid, 579 
circumflex, 658 
iliac, 651 
mammary, 616 
maxillary, 582 
plantar, 668 
pudendal, deep, 657 
superficial, 657 
apennatio, 652 
facial, 582 
transverse, 586 
femoral, 653 
circumflex, lateral, C58 
medial, 658 
fibidar, 667 

first dorsal metacarpal, 623 
frontal, 598 

of superficial temporal, 586 
ganglionic, antorolatoial, 

600 

anteromedial, 599 
poBterolatora.1, 60S 
posteromedial, 601, 608 
gcostric, left, 633 
right, 634 
short, 635 
gastroduodenal, 634 
gastro-epiploic, right, 634 
left, ^^35 

genicular, highest, 660 
inferior, 663 
middle, 663 
superior, 662 
gluteeal, inferior, 640 
superior, 650 
greater palatine, 590 
hosmorri.oidal, inferior, 647 
middle, 645 
superior, 638 
of head and neck, 576 
h^licino, 1175 
hepatic, 633, 1137, 1139 
highest genicular, 660 
thoracic, 615 

humoral circumflex, anterior, 
.616 

posterior, 616 
hyaloid, 105 
hyoid, ^0, 682 
hypertrophy of, 669 
hypogastric, 566, 568, 644 
hypophysial, 696 
deal of ileocolic, 638 
of superior mesenteric, 636 
ileocolic, 6& ^ a 
iliao, common, 
external, 651 
^iltemal, 644 

iliao cirempflex, deep, 662 
supet 'v 667 
iliolu^y649 
inferior weoW, 689 
artknilar of knee, 662, 663 
corona*y, 684 > 
aepi»),689 
4i4gutrio, 663, 


Artery or Arteries (con#.) 
inferior genicular, 663 
glutseal, 649 
hnmorrhoidal, 647 
labial, 684 
laryngeal, 610 
mesenteric, 638 
pancreaticoduodenal, 636 
phrenic, 641 
thyreoid, 610 
tympanic, 681 
lUnar collateral, 619 
vesical, 6l5 
infraorbital, 690 
infrasoapular, 616 
I innominate, 576 
intercostal 629 

anterior ramus of, 030 
posterior ramus of, 630/^ 
branches of internal mam- 
ma^, 609 
superior, 611 

intercostalia suprema, 611 
interlobular, of kidney, 1160 
internal auditory, 608, 1004 
carotid, 594 
circumflex, 658 
iliac, 644 
mammary, GOO 
maxillary, 587 
plantar, 668 
pudendal, hi male 040 
in femalo 047 
interosseous, common. 025 
dorsal, 625 
recurrent, 625 
voler, 625 
jejunal, 036 
labial, inferior, 684 
superior, 584 
of labyrinth, 1004 
lacrimal, 597 
Ittiyngeal, inferior, 010 
superior, 580 
lateral calcaneal, 668 
femoral circumflex, 658 
» nasal, 584 
palpebral, 507 
plantar, 068 
sacral, 049 
segmental, 121 
tarsal, 666 
thoracic, 615 
left colic, 638 
gastric, 633 
gastro-epiploic, 636 
lienal, 635 
lingual, 681 

long posterior ciliary, 697 
thoracic, 615 
of lower extremity, 653 
lumbar, 642 

malleolar, anterior lateral, 
666 

anterior modioJi^ 665 
mammary, external, 616 
internal, 609 
masseteric, 589 
maetoM^ 686 
maxfllaiy, external, 582 
internal, 587 
medial calcaneal, 668 
fiemotal oiroumflex, 658 
pidpebral, 598 
planter, 668 
tamal,666 

mdleolar, anterior latorail, 666 
anterior tee^al, 665 



Artery or Arterjes (ctnU,) 
mediana, 121, 625 
mediastinal, firom aorta, 629 
from internal msmmaiy,^ 
609 

medullary, 608 
meninge^ anterior, 596, 598 
aecessoiy, 589 
anterior, of internal caro- 
tid, 596 

of ascending pharyngeal, 
581 • 

middle, 587 • 
of occipital, 585 
- recurrent, from lacrimal, 
597 

of vertebral, 607 
mesenteric, inferior, 638 
\ superior, 635 
Vnotacarpal, dorsal, 623 
volar, 623 
metatarsal, 666 
middle cerebral, 590 
colic, 638 
genicular, 663 
ha^morrhoidal, 645 
meningeal, 587 
sacrid, 642 
suprarenal, 639 
temporal, 580 
mode of division of, 560 
of origin of branches, 569 
musculophrenic, 609 
mylohyoid, 589 
nasal, dorsal, 598 
lateral, 584 
nerves of, 547 
nutrient, of bone, 19 
obturator, 645 
occipital, 585 

cesophagoal, of inferior thy- 
reoid, 610 
of aorta, 629 
ophthalmic, 596 
ovarian, 641 
palatine, ascending, 584 
descending, 590 
greater, 590 
smaller, 590 
palmar arch, deep, 623 
superhcial, 627 
palpebral, lateral, 597 
medial, 598 
pancreatic, 635 
pancreatica magno, 635 
pancreaticoduodonal, in- 
ferior, 636 
su|x^rior, 635 
of penis, deep, 647 
dorsal, 647 

perforating, of foot, 669 
of hand, 623 

of internal mammary, 609 
of thigh, 658 
pericardial, 609, 629 
pericardiacophrenic, 609 
perinflQal, 647 
transverse, 647 
peronieal, 667 
pharyngCAl, ascending, 581 
of internal maxillary, 690 
phrenic, inferior, 641 
suporioF, 629 
plantar, 668 
arch, 668 
. deep, 666 

lateral (e;rtemai), 668 
medhd (internal), 668 
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Artery or Arteries (emU,) 
plantar metatarsal, 669 
first, 669 
pontine, 608 
* poplit^ 661 
posterior auricular, 586 
cerebral, 608 
communicating, 600 
dental, 590 
ethmoidid, 598 
humeral dreumfiex, 016 
inferior cerebeUar, 608 
meningeal, from vertebral, 

607 

scapular, 611 
scrota], 647 
spinal, 607 

superior alveolar, 590 
tibial, 666 

posterolateral ganglionic, 608 
posteromedial ganglionic, 601, 

608 

princeps cervicis, 585 
polliois, 623 ^ 

profunda braohii, 619 
ccrvicalis, 611 
femoris, 658 
linguffi, 581, 582 
superior, 619 
proper volar digital, 027 
of pterygoid canal, 590, 590 
pudendal, accessory, 649 
deep externa], 657 
internal, 646 
,in female, 647 
in male, 646 
superiioial external, 657 
pulmonary, 569 
pyloric, 634 
radial, 620 
recurrent, 022 
ranine, 581, 582 
recurrent of hand, 623 
interosseous, 625 
radial, 622 
tibial, anterior, 665 
posterior, 665 
ulnar, anterior, 625 
posterior, 625 
renal, 640 
right colic, 638 
gastric, 634 
gastro-epiploic, 634 
sacral, Lateral, 649 
middto, 642 

scapular circumfiox, 616 
posterior, 611 
transvorst^, 610 
sciatic, 649 
scrotal, posterior, 047 
segmental, 121 
semilunar, 590 
sheaths of, 546 
short ciliary, 598 
gastric, 6^ 
si^okL, 638 
smaller palatine, 590 
spermatic, external, 652 
sphenopalatine, 590 
spiiial, anterior, 607 
posterior, 607 
^ splenic, 635 
stapedial, 108, 119 
sternal, 609 

ateanocleidomsstoid. 580, 585 
striate* external, 600 
internal, 600 
structure of, 546 


xbstv oir XrteriM 
stvwmaatoid* 589 
aubolaviafi, 602 
subo^tii^ 680 
sublingual, 582^ 

.submental, 084 , 

Bubscapular, 616 
supe^oial cervical, 611 
epigastric. 657 
external pudendal, 657 
iliao circumfiex, 657 
palmsif arch, 627 
temporal, 586 
volw, 622 ^ 

volar arch, 627 ^ 

superior artioiilar of knee, 


cerebellar, 608 
epigastric, 609 
gcnioulMT, 062 
mutasal, 650 
hnmorrhoidai, 638 
intercostal, 611 
labial, 584 
laryngeal, 580 
mesenterio, 635 
paUcreatiooduodonal, 635 
phrenic, 629 
profunda, 619 
thoracic, 615 
thyreoid, 580 , 

tympanic, 689 
ulnar collateral, 619 
vesical, 644 
supraorbital, 598 
suprarenal, inferior, 640 
middle, 639 
superior, 641 
Buprasoapular, 610 
sural, 662 
tarsal, lateral, 666 
medial, 666 
temporal, deep, 589 
middle, 586 
superfioial, 586 
testicular, 641 
thoracic aorta, 627 
axis, 615 
highest, 615 
lateral, 615 
long, 615 
superior, 615 
thoraco-aoromial, 615 
thyreocorvical trunk, 610 
thyreoid axis, 610 
inferior, 610 
superior, 580 
thyrooidea ima, 575 
tibial, antorlor,^664 
posterior, 666 
reourront, 665 
tonsillar, 584 

tracheal, of inferior thyreoid, 
610 

tran^veraa colli, 611 
transverse cervical, 611 
facial, 586 
scapular, 610 
of the trunk, 627 
tympanic, anterior, 587 
inferior, 581 
superior, 589 
. ulnar, 623 

coUatei^ inferior, 619 
superior, 619 
recurrent, anterior, 625 
posterior,^ 

umhuical, in foetus, 066, 644 
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of upper extr<^2^, OjS" c 

urethral, 647 

of urethral Bulb, 647 ^ < 

uterine, 646 < 

vagmal, to ^ 

vaaa.aberrantjm 618 < 

breviaj^ 

.iuteatitii 636 
, ^ v^nim, Self" 
ventral se^entaL 121 
vertebral, 606 * . 

vesioal, inferior 646 
superior, ^ # 

vestibular, 1064 
Vidian, 690 " 
volar arch, deep, 623 
aupeiBcial, 627 
carpal of radial, 622 
of ulnar, 625 
deep, of uhiar, 626 
digital, common, 627 
proper, 627 
interosseous, 625 
metacarpal, 623 
superficial, 622 . ' 

volaris indicis radialis, 623 
zygomaticO'Orbital, 586 
Arterioles, 54 d 

Arthritis deformans of hip, 399 
Artbrodia 346 

Aiticular arteries from popli- 
teal, 662, 663 
capsules, 342 
stratum flbrosuni, 342 
stratum synoviale, 342 
cartilage, 15 
cnd-bulbs. 1006 
fibrocariilages, 16 
lamella of bone, 342 
processes of vertebrte, 16? 
tubercle of temporal bone. 
203 

Articular disc, 344 
of acromioclavicular joint, 
367 

of distal radio-ulnar joint, 
378 

of sternoclavicular joint, 366 
of temporomandibular joint, 
347 I 

Articularis genus, 519 
Articulatio coinposita, 344 
ellipaoidea, 344 
sellaris, 3^ 
simplex, 344 
spbieroidea, 344 
trochoidea, 344 
Articulatioofl^ 
acromioclavicular, 367 
amphiartliTOses, 344 
aiiMo, 411 
arthrodia, 344 

of atlas with riiistropheus 
or axis, 354 

of atlas with occipital bone, 
367 

of auditory ossklee, 090 
ball and socket, 344 ^ 
calcaneocuboid, 415 
carpometacarpal, 385 
daauficatioiL of, 343 
condyloid, to 
. coBtoc^tral, 358 
costockoddxid, 363 
cosiotiiaiiBveRNi, 359 
co8toveitebqhaL.358 , . 

coxab393 


column, 357 
cubital, 373 
cuboideonavicular, 417 
cuneocuboid, 417 
cuneonavicular, 417 J 

development of, 83 
diarthroses, 344 
digitfd, of hand, 387 
of foot, 420 
elbow, 373 h 
ellipsoid, 344 
enarthrosis, 344 
ginglymuB, 344 
gomphosis, 343 
of hefl^ of ribs, 358 
hinge-joint, 344 
hip, 393 
humeral, 369 
immovable, 343 
intercarpal, 382 
interchondral, 363 
intercuneiform, 417 
intermetacarpal, 386 
intermotatarsal, 418 | 

intertarsal, 414 
knee, 399 

of lower extremity, 3S7 
of mandible, 346 
of manubrium and body of 
sternum, 363 

metacarpophalangeal, 386 
metatarsophalangeal, 420 
movable, 344 

movements permitted in, 346 
pivot, 344 

pubic symphysis, 31/0 
radiocarpal, 3^ 
radio-ulnar, Jietal, 377 
pruximal, 37H 
of ribs, 358 

sacrococcygeal symphysis, 
352 

sacro-iliac, 388 
saddle, 344 
houlder, 369 
spbssroid, 344- 
stor*ibolavicular, 365 
sternocostal, 361 
I sutura, 343 
1 symphysis, 344 
r pubis, 300 
synarthroses, 343 
synchondrosis, 343 
syndesmosis, 344 
talocalcaneal, 414 
tolocalcancouavicular, 415 
talocrural, 411 
tarsometatarsal, 418 
tibiofibular, 409 
syndosmo^ 410 
trochoid, to 

9 of upper extremity, 366 
of vertebral archc^ 351 
of vertebi 1 bodies; 348 

of vertebral citenn, 848 

wiih oramum, 367 
“ i wris^ 380 
Ailyepi^Hio fold, 1023 
Aryupifdotticus imisclo, 1026 
ArytabiT^d cartUagCfl, 1018 
glau \i 1027 

■ aorto,>;5^' ** ‘ 

''I ' 


Ascending colon, 1117 
degeneration, 754 
lumbar vein, 7(^ 
palatine artery, 584 
pharyngeal artery, 681 

applied anatomy of; 581 
Association fibres of cerebral 
hemispheres, 828 
of cerebellum, 781 
neurons, 761 
Asaociational areas, 833 


Asterion, 26L 
Astragalus, 328 
ossmeation of, 338 
Atavistic epiph3'ses, 24 
Atlanto-oocipital articulation, 
357 

Atlanto-oocipital membrane, . 

anterior, 367 I 
posterior, 357 

Atlas, 164 , ^ ^ 

development of anterior arch 
of, 71 

ossification of, 177 
transverse ligament of, 355^ 
Atresia, congenital, of pupil, 
105 

of pubnonanr orifice, 570 
Atria of bronchi, 1042 
of heart, 555, 659 
I muscular fibres of, 6b3 
Atrial canab 113 
systole, 665 

Atrioventricular bundle, 34, 564 
applied anatomy of, 565 
) groove of heart, 553 
node, 664 
orifice, left, 561 
right, 558 

Atrium of heart, left, 559 
primitive, 113 
right, 665 

ri middle meatus of nasal 
cavity, 945 

Attic or cpitympanio n'coss, 
206, 984 

Attraction, cone of. 47 
Attraction sphoi'e, 2 
Auditopsychic area, 833 
Auditory artery, internal, 608 
ossicles, 088 

development of, 108 
pit, 106 
plate, 106 

teeth of Huschke, 1001 
tube, 988 

cartilaginous portion of, 
988 

isthmus of, 988 
osseous portion of. 988 
pharyngeal ostium of, 1076 
tonsil of, 988 

torus tubariiiB or cushion 
of, 988, 1076 
veins, 1004 . 
vesicle, 106 ' 

Auditosensory ai-ei, 832 
Auerbach's piexua, 1114 
Auricula of ear, 979 
cartitogeof* 980 
i development of, 109 

llgamenta,of^9Sl 
lymphatib vetoefe of, 716 
hituolea 981 
) stnuAure 'of, 980 

vesaeto Wd ofi ^ 

’ .4>f heilrti.ieft'».-5S>9' ^ 



Aurioulai arteridfl, 585, 58Cf 
deep, 58^ 
of oeeipitd, 585 
poBterk>r, 5M 
lymjdi'glaQds, anterior, 714 
. posterior, 714 
lierves, anterior, 861 
great, 892 
posterior, 870 
nerreof vagiis, 879 
point, 261 

surface of ilum, 300 
of saca[Um,fl73 
tubercle of Darwin, 079 
vein, posterior, 674 
Auricularis anterior, 981 
posterior, 981 
superior, 981 

\ Auriculotemporal nerve, 861 
'Auscultation of lun^, 1045 
Auscultation, trianme of, 480, 
1229 

Autonomic nerves, 741, 036 
Axes of pelvis, 300 
Axial filament of spermato- 
zoon, 45 

Axial part of skeleton, 160 
Axilla, 612 

applied anatomy of, 612 
fascia of, 481 
Axillary arch, 480 
artery, 613 

applied anatomy of, 614 
branches of, 615 
peculiarities of, 616 
surface marking of, 1252 
fascia, 481 
nerve, 899 

applied anatomy of, 906 
lymph-glands, 719 
applied anatomy of, 720 
sheatn, 613 
vein, 690 

applied anatomy of, 690 
Axis, of lens, 965 
optic, 951 
tliyreoid, 610 

Axis vertebra or epistropheus, 
165 

dovelopinent of, 177 
Axis-cylinder process or axon, 
35,38 

cone of origin of, 36 
Azygos arteries of vagina, 645 
artery, articular, 663 
uvulae, 1075 
vein, 693 

applied anatomy of, 693 

Bock, deep muscles of, 444 
surface anatomy of, 1224 
surface markups of, J226 
Ball-and-socket joint, 344 
Band of Baillor^r, 821 
mtemal, 830 
external, 830 
of Bechteiew, 831 ■ 
of Gennari, ^ 
of Qiaeomini, 813 

modat9Lt6»« 559 
Bar» 71 

B^area of iivisr, 1087, 1130 
SaiTel*|haped ch^ 192^ 271. 
Bartmin, duct of, 1052 > 
^glauda 04153,1192 ^ i 
Basal cclomli, postern;' 752 
Bngelifiaibi, 5 , 


xsnsx 

Basal lamiuai St 
optic nucleus, 800 
plate of placenta, 66 
ridge or cingulum, of tooth, 
1056 
vein, 679 

Base of sacrum, 173 
of cerebral p^unele, 788 
of hearty 553 
of nose, 943 

of skull, inferior surface, 241 
supaiior surface; 252 
Base-line^ Eeld*s, 1213 
Basement membriAes, 12 
Bashar artery, 608 ^ 

Basilar memorane, 995, 1001 
part of occipital bone, 196 
of pons, 773 
plexus, 686 
Basilic vein, 688 
median, 687 

Basinasal length of skull, 261 
Bosion, 261 
Basiphil leucocytes, 29 
Basis bimdle, anterior, 755 
lateral, 756 

Basis cranii externa, 241 
interna, 252 

Basivertebral veins, 694 
Basket cells of cerebellum, 781 
Bauchstiel, 59* 

Bcchterew, band of, 831 
nucleus of, 775, 873 
Bed of stomach, 1100 
Bell, nerve of, 897 
i Boirs paralysis, 872 
; Bellini, ducts of, 1148 
Betz, giant cells of, 830 
Biceps brachii muscle, 489 
femoris muscle, 526 
Bicipital fascia, 489 
groove, 274 
ridges, 274 
Bicuspid teeth, 1057 
valve, 561 

Bifurcated ligament, 416 
calcaneocuboid part of, 416 
calcaneonavicular part of, 
416 

i Bigelow, Y-shaped ligament of, 

' 395 

' Bile-capillaries, 1 139 
i Bile-duct, common, 1141 
lymphatic vessels of, 732 
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•Bile-ducts, 1139 
j structure of, 1142 
• Bipolar cells of retina, 902 
' Bird’s nest of cerebellum, 778 
' Bismuth poisoning, 1048 
! Biventer cervicis muscle, 448 
Biventral lobules of cerebellum, 
778 

. Bladder, gall, 1140 
urinary, 1154 

! applied snatomy of, 1159 

in child, 1156 
! development of, 153 

extroveTHion of, 308 
fetuale, 1157 
! interior of, 1158 

ligaments of, 1157 
’ lyxnphatic yessels of, 733 

structure of, 1158 
I . trigone of, 1158 
I vessels and nerves of, 1159 

Btaadm, glaxuis of, 1070 , 

50 


spot, 961 


^ saui0ldl,110 ' ; ^ ' 
corpuscles 26, 28 ^ . 

origin of, 2?, 109 . 

course of, in ai4^|t, 545 
in feetus, 566' - ’ 
eosinophil noipusoleiit ' 28 
erythroblaats, 27 i ' 
erythrocytes, 26 
ishmebs, 109 'iS,; 

liquor fanguinis of, 26 ' 
lymppeytes, 20 
microcyraiL 26 
plasma, 
plastld8;^U0 
platelet^'^9 

B<^hdalek, cornucopia of, 785. 
Bodies, aortic, 101, 1208 
carotid. 101, 1207 
Malpighian, of kidney, 1147 
of spleen, 1203 
parathyrebid, 1198 
development of, 131 
polar, 43 

r^iform, 769, 779 
nltlmobranchial, 132 
Body, anococcygeal, 1121 
oiUary, 957 • 
coccygeal, 1207 
genic^te, lateral, 797 
medial, 796 • 

paranephric, 1147 
perinical, 1121 
pineal, 798 
pituitary, 800 
of storuum, 182 
trapezoid, 773 
vitreous, 964 
Wolffian, 147 

Body -cavities, development of, 
143 

: Body-stalk, 59, 62 
Bone, 17 

actively growing epiphysis 
of, 25 

acute diaphysilis, 2o 
acute epiphysitis, 25 
acute infeotiivo necrosis, 25 
acute infective periostitis, 25 
applied anatomy of, 24 
articular lamella of, 342 
canalieuil of, 20 
cancellous tissue of, 17 
cavum medullaro, 17 
i>cll8, 20 

chemical composition of, 20 
compact substance of, 17 
diplo5 of, 16J 

eminences and depressions 
of, 161 

Haversian canals of, 19 
systems of, 19 
lacutue of, 10 
foramen nutricium, 18 
lamellas of, 19 
lyinphatics of, 19 
marrow or medulla ossiam 
of, 18 

medullary membrane of, 1 7 
minute anatomy of, 19 
nerves of, 18 
nutrient artery of, 19 
ossification 21 
osteoblasts, 18, ^ 
osteoclasts, 23 
pcfforating fibres of, 20 . , ' 
^rioateum of, 17 
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rifliure synostosis of, 25 
f,p/.i)gy substance of, 17 
. fructure and physical pro- 
perties of, 17 

substantia compacta of, 17 
spongiosa of, 17 
vessels of, 18 
Bones — 

astragalus, 32^^^ 
atlas, 164 

axis or epistropheus, 165 
calcaneus, 331 
capitate, 293 
carpal, 290 

classes of, viz, long, flat, 
mixed or irregular," short, 
160 

clavicle or collar- bone, 271 
' clavicula, 271 
coccyx, 170 

conehie, inferior nasal, 220 
cranial, 193 
cuboid, 335 

cuneiform of carpus, 291 

cuneifonns, of tarsus, 333 

dermal or covering, 77 

epistropheus or axis, 165 

ethmoidal, 21^ 

facial, 224 

femur, 309 

fibnlU, 322 

Oat, 160 

of foot, 325 

frontal, 213 

hamate, 293 

of hand. 290 

hip, 298 

humerus, 274 

hyoid, 240 

ilium, 29S 

incus, 989 

of inferior extremity, 298 
inferior nasal concha*, 220 
innominate, 29S 
interparietal, 197 
irregular, 161 
ischium, 301 
h.crilnal, 220 
lesser, 221 
long, 160 
lunate, 291 
malar, 233 
malleus, 980 
mandible, 235 
maxilise, 224 
metacarpal, 204 
metatarsal, 335 
of middle ear, 988 
devclo)>inent of, 108 
multangular, greater, 292 
lesser, 202 
na^, 221 

navicular of carpus, 290 
of tarsus, 332 

number of, in the body, 160 
occipital, 193 
os acetabuli, 304 
calcis, 331 . 
capitatiim,' 293 
coccygie, 176 
cordis, ^2 
coxfle, 298 
cuboideum, 335 
ouneiforme primum, 333 
secundum, 333 
tertiuxn, 334 , 
ethmoidale, 217 


Bones {coiU.) 

08 frontale, 213 
hamatum, 293 
hyoideuro, 240 
ilii, 298 
incisivum, 229 
ischii, 301 
lunatum, 291 
magnum, 293 
raultangulum majus, 202 
minus, 262 

naviculare manus, 290 
p^is, 332 
occipitaie, 193 
pisimnne, 291 
planum of ethmoidal, 218 
pubis, 302 
sacrum, 171 
trigonum, 332 
triquetrum, 291 
ossa ca^i, 2^ 
cranii, 193 
faciei, 224 
lacrimalia, 220 
metacarpalia, 294 
metatarsalia, 335 
nasalia, 221 
palatina, 230 
parietalia, 211 
suturarum, 224 
tarsi, 325 
temporalia, 203 
zygomatica, 233 
palatine, 230 
parietal, 211 
patella, 324 
phalanges of foot, 337 
of hand, 29C 
pisiform, 201 
radius, 279 
ribs, I***! 
sacrum, 171 
scapula, 266 
semilunar, 291 
sesamoid, ."^40 
short, 160 
shoulder-blade, 266 
of skull, 193 
Bpbenoi'aJ, 199 
conchftj, 201 
stapes, 990 
Stemiuii, 182 

of superior extremity, 266 
sutural, 224 
talus, 328 
i tarsal, 325 
' temporal, 203 
I tibia, 318 
trapezium, 292 
I trapezoid, 292 
triquetral, 291 
ulna, 283 
uncifonn, 293 ' 
vertebra promiuens, 166 
vertebra?, cervical, 162 
coccygeal, 176 
lumbar, IvJ , 
thoracic, 167 ’ 
sacral, 171 
vower, 222 
Wormian, 224 
zygomi^^^^ 233 

Bc^fror^ork of outer nose, 

somicircul&r canals, 994 . 
Boundary l^y«r of 64 

ziAie of suprarenal'gland, 
1206. 


Bowman, ^nds of, 949 
capsule of, 1147 
Braces nypochordal, 71 
Bracbia of corpora quadrige- 
mina, 792 

Bracbia conjunctiva of cere- 
bellum, 778 

pontis, 779 ^ 

Brachial artery, 617 

applied anatomy of, 618 
branches of, 619 
peouliaritieif of, 618 
surface markings of, 1253 
cutaneous nerve, lateral, 899 
medial, 901 
posterior, 905 
fascia, 488 
plexus, 895 

applied anatomy of, 006 j 
veins, 690 f 

Brachialis anticus muscle, 489 
BrachiaUs muscle, 489 
Brachioradialis muscle, 496 
Brachyfacial skulls, 261 
Brain, 760 
arteries of, 601 
development of, 90 
divisions of, 7<50 
meninges of, 830 
surface markings of, 1214 
veins of, 679 
weight of, 834 
Brancmal arches, 77 
grooves, 77 

Breadth-index of skull, 261 
Breadth of skull, 261 
Breasts or mammsc, 1102 
development of, 85 
Bregma, 212, 261 
Bridge of nose, 221, 043 
Brim of pelvis, 305 
Broad ligaments of uterus, 
10.i7, 1186 
Broca, cap of, 808 
gyrus of, 808 
Umbic lobe of, 811 
parolfactory area of, 813 
Bronchi, 1027 
divisions of, 1041 
Bronchial arterias, 029, 1043 
lymph-glands, 737 
muscle, 1042 
nerves, 880 
veins, 694, 1043 
Bronchioles, lobular, 1042 
Bronchomediastinal trunks, 
712, 737 

Bronchopulmonary lymiph- 
glands, 737 

Bronchus, eparterial, 1041 
hyparterid, 1041 
intrapulmonaxy, 1042 
left, 1028 
right, 1028 

Brunner’s glands, IU2 
Bryant’s triangle^ 1260 
Bubonocele, 1225 
Buccfls, 1046 

Buccal branches of facial 
nerve, 870 
glands, 1046 
neirvo, long, 860 
Bnocinator artery, 690 
lymph-glands, 714 
muscle, 431 
nerve, 860 

Bucconasal memlMttne, 80 

Buccopharyngeal fasoifh^ 43^ 
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' Buccopharynge(k}membraQ6,51 
Bulb of aorta, 571 
of oo^us cayemosum penis, 

of eye, 951 (see also under 
Eyeball) 

olfa^ry, 812, 833 
' o^io, 102 

of posterior cornu, 817 
of vestibule, 1192 
Bulbar paralysis, 772 
BulbocavemoSus muscle, in 
female, 479 
in male, 473 

Bulbo-urethral glands of 
Cowper, 163, 1178 
Bulbs of internal jugular vein, 
675, 676 

V Wolffian. 147* 
iBuIbus cordis, 113 
Bulla ethmoidaJis, 219, 946 
Bundle, atrioventricular, 34.564 
oval, 88, 92 

of Vicq d*Azyr, 799, 826 
Burdacb, tract of, 756 
Burns* space, 436 
Bursa, infrocardiaca, 138 
omental, 1088, 1091 
development of, 136 
oinenti majoris, 1092 
ininoris, 1092 
jiharyngeal, 1077 
Bursas beneath gliitseus inaxi- 
mus, 522 
mucosa?, 343 
near knee-joint, 405 
near shonldor-joint, 370 
subcutaneous, 343 
subfascial, 343 
suhmuscular, 343 
subtendinous, 343 

Cascal arteries, 638 
foasa?, 1098 
Csecum, 1114 
lymphatic vessels of, 731 
Calamus scriptorius, 785 
Calcaneal arteries, lateral, 668 
medial, 668 
nerve, medial, 923 
sulcus, 331 
tnbcrosit3% 332 
Calcaneocuboid articulation, 
415 

ligament, dorsal, 415 
plantar, 416 

Calcanoofibular ligament, 412 
Calcaneonavicular hgament, I 
plantar, 416 

applied anatomy of, 417 
Calcaneotibial ligament, 412 
Calcaneus, 331 
osaiOeation of, 338 
Calcar avis, 807, 817 
femoiale, 315 
CakarinQ toure, 807 
Callosal fissure, 811, 814 
Calyces of kidney, 1145 
Calyouli, gustatory, 942 
Camper, fascia 457 
CanalicuU df bone, 20 
dental, 1058 

Canalioulus, inferior tympanic, 
208,244 

mnomlnatiis of Arnold^ 200^ 
mastoid, 208, 244 
Canalis centralis cocbleie, 207 
eraniophlityngeus, 132, 203 


Canalis facialis, 207 
reoniens of Henaen, 997, 1000 
Canal or canals— 
adductor, 655 
Alcock’s, 467 
alveolar, 224, 226 
anal, 1121 

development of, 139 
atrial, 113 
carotid, 208, 244 
central of medulla spinalis, 
760 

of cervix of uterus, 1185 
condy^loid, 196 
craniopharyngeal, 132, 203 
ethmoidal, 216, 218 
femoral, 654 
gastric, 135, 1101 
Haversian, 19 
of Hugaier,204, 985, 992 
Hunter*8, 655 
hyaloid, 105, 964 
hypoglossal, 195 
incisive, 228, 236 
infraorbital, 225 
inguinal, 465 
lacrimal, 977 
mandibular, 236 
mental, 236 
neural, 53 
neurenteric, 53 
of Nuok, 152, 1187 
of Petit, 966 
pharyngeal, 243 
ixirtal, 1139 
pterygoid, 201, 243 
pterygopalatine, 225, 231 
sacral, 175 
of Schlemm, 952 
semicircular, 994 
spiral of mo^olus, 995 
vertebral, 161 

Cancellous tissue of bone, 1 7 
Canine eminence, 224 
fossa, 224 
teeth, 1056 
Coninus muscle, 430 
Canthi of eyelids, 974 
Cap of Broca, 808 
Capacity of skull, 260 
i Capillaries, 547 
structure of, 548 
Capitate bone, 293 
oasiheation of, 296 
Capitulura of humerus, 277 
Capsula extrema, 821 
vasculosa lentis, 104 
Capsule, adipose, of kidney, 
1146 

of brain, external, 822 
internal, 821 
of Bowman, 1147 
of Glisson. 1094, 1138 
of lens, 965 
of Tenon, 972 
Capsules, articular, 342 
Caput csecum coli, 1114 
Cardiac cycle, 565 
ganglion of Wrisberg, 937 
glands of stomach, 1104 
impression on liver, 1136 
knpressions on lungs, 1039 
muscular tissue, 33 
Purldi^je^s hbres* 34 
nisrves from vagus, 880 
from sympathetic, 032, 
I 933 
[■ notch, 1040 


Cardiac orifice of atomaoh, 1098 
plexua of nerves, 937 
valves, actions of, 5te 
veins, 672 

Cardinal veins, anterior, 123 
posterior, 123 

Carotiooclinoid foramen, 201 
ligament, 203 

Carotiootympanio artery, 596 
nerves, 931, 991 
Carotid arch, 120 
artery, common, 676 

applied anatomy of, 578 
peculiarities of, 578 
surface marking of, 1223 
externa), 579 
applied anatomy of, 579 
branches of, 680 
surface marking of, 1224 
internal, 504 
applied anatomy of, 596 
branches of, 596 
peculiarities of, 595 
bodies, 101, 1207 
canal, 208 
ganglion, 931 
glomera, 101 
nerve, internal, 931 
nerves from glossopharyn- 
geal, 876 

plexus, internal, 931 
of veins, 687 • 

sheath, 436 
sulcus, 198 
triangles, 592 
tubercle, 164 

Carpal arteries, from radial, 
622 

from ulnar, 625 
bones, 290 

common characteristicB of, 
290 

applied anatomy of, 298 
ligament, dorsal, iK)3 
transverse, 500 
volar, 500 

network, dorsal, 622 
volar, 622 

Carpometacarpal articulations, 
385 

Carpus, 290 

applied anatomy of, 298 
articulations of, 382 
ossification of, 296 
I surface fonn of, 1246 
! Cartilage, 14 
alar of nose, 944 
anterior paraseptal, 77 
articular, 15 
of auricula, 980 
cells, 15 
> cellular, 14 

common paraseptal. 76 
costal, 15 
, cricoid, 1018 
I elastic fibrocartilagc, 17 
of epiglottis, 1018 
epiphysial, 22, 23 
greater alar of nose, 944 
, hyaline, 14 
i intrathyreoid, 1017 
; lateral of nose, 944 
I lesser alar of nose, 944 
pennanent, 14 
I posterior paraseptal, 77 
1 of septum of nose, 1^3 
; temporary, 14 
\ thyreoid, 1016 



INDEX 


(corU.) 

tniciDnajsal, 223» 947 
whito iibnKMirtiiBgei 10 
yellow flbrocartilan» 17 
,Oartila|^s, lu^enoid^ 1018 
coroiculate, 1018 
costal* 180 
cuneifoim* 1018 
of larynx>*^3l6 
stmcture of*j^l0l9 
Meckol’a. 77, 237 
of nose, 943 
parachordal, 74 
prechordal, or trabcculfe 
oranii, 74 
of Santorini, 1018 
of trachea, 1029 
of Wrisberg, 1018 
Cartilaginous ear capsules, 75, 
107 

framework of nose, 943 
vertebral column, 70 
Cartilage triticea, 1020 
Caruncula laorimalis, 970 
Carnne^sB hymenales, 1192 
Cataract 968 
Cauda equina, 745 
helicis, 081 
Caudal fold, 55 • 

Caudate lobe of liver, 1135 
nucleus, 819 
proc'lhfis of liver, 1136 
Cavernous arteries, 596 
nerves, 940 
plexus, 031 

jiortion of urethra, 1 162 
sinuses, 683 ^ 
applied anatomy of, 684 
nerves in, 860 
spaces of penis, 1176 
Cavity or cavities — 
ainniotic, 50, 61 
body, development of, 143 
■glenoid, 269 
of larynx, 1022 
of lesser pelvis, 305 
mediastinal, anterior, 1035 
middle, 1036 
jHjsterior, 1036 
superior, 1035 
medullary, IGG 
of mouth, 1046 
nasal, 266, 944 
peritoneal, 1086 
pleura], 1031 
pulp, 1057 
segmentation, 49 
of septum pellucidum, 826 
sigmoid, greater, of ulna, 284 
lesser, of ulna, 285 
of radius, 282 
subai'achnoid, 842 
tboraeio, 650 
tympanic, 084 
of uteniB,,1185 
Oavum conehm, 970 
laryngis, 1022 
Meckelii, 853 
mednllare, 17 
oris, 1046 
Cell, animal, 1 
attraction sphere of, 2 
centriole of, 2 . 
eentrosome of^ 2 
definition of, 1 
divisioii of, d|reet» 2 
Indbfcofc, 2 " . 

meipbtene, 2 


CM, nucleus of, 2 
rep^uotion of, 2 
structure of, I 

CeU-islets. intenaveolar, 1132 
Oell-mass, inner, 49 
intermediate, 52, 55 
I Cells, amacrine, 963 
I aipeloblasts, 1061 

basket, of cerebellum, 769 
of Betz, 830 
bipolar, of retina, 962 
of bone, 20 
centro-acinar, 1132 
chalice, 5 

chief or central, of fundus 
glands, 1104 
chromaf^, 1206 
clasmatooytes, 9 
of Claudius, 1003 
decidual, 64 
of Deiters, 1003 
of Bogiel, 885 
enamel, 1061 
epithelial, 4 
ethmoidal, 218, 949 
fat, 9 

gonninal, 41 

germinal of medulla spinalis, 
80 

goblet, 5 
v/f Golgi, 36, 831 
granule, 9 
gustatory, 943 
of llensen, 1003 
horizontal, of retina, 063 
lamellar, 9 
of liver, 3 139 
luteal, 1181 
of Martinoiti, 831 
mastoid, 205 
. meson '•^boid, 109 
nJlral, 834 
nen^e, 36 
dfactoiy, 948 
oxyntic or parietal, 1104 
pigmented, 13 
plasma, 9 
pnckle, 7. 1009 
of Pur’d..je, 78i 
of Sertoli, 1166 
somatic, 41 

of spinal ganglia, 743, 885 , 
splenic, 1202 
stellate, of Kupfor, 1139 
tendon, 11 
wandering, 9 
OeUnlar cartilc^e, 14 
Cellulitis, pel vie, 1100 
Cement or AJrusta petrosa of 
teeth, 1059 
formation of, 1062 
Central artery of retina, 597 
canal of medulla spinalis, 
760 

or chief cells of fundus glands, 
1104 y 

giey. .strattuft ^f cerebral 
aq.ueduot, 793 ' 

' gyru^ anterior, 808 
^posterior, 809 
pgament of medulla sjdnalis, 

nervon^ ^prstem^ 70 
part o4 imnd ventricle, 816 
> salons, 806 

tendh^uf^ point >f porhueum, 
473 ' 

1^04^ of dUphnigm 


Centres, higher or ooitioal 
visual, 802, 850 
lower visual, 802, 850 
of ossification, 22 
Centrifugal nerve-fibres, 742 
Centriole, 2 

Centripetal nerve-fibres, 742 
Centro-acinar cells, 1132 
Centzosome, 2 
Centrum ovale majus, 814 
minus, 813 

Cephalic flexuref venti*al, 90 
fold, 55 • 

index, 261 

portion of sympathetic sys- 
tem, 931 
vein, 687 
accessory, 688 

Cerebellar artery, anterior in/ 
ferior, 608 c 

posterior inferior, 607 
superior, 608 
hemispheres, 775 
notches, 775 
peduncles, 778, 779 
tract, direct, 756 
veins, 680 

Cerebello-olivary fasciculus, 769 
Cerebellospinal tract of Ijowen- 
thal, 755 
Oorebellum, 776 
applied anatomy of, 783 
brochia conjunctiva of, 778 
, pontis of, 779 
development of, 93 
fibr® propri® of, 781 
grey substance of, 781 
lobes of, 775 
nucleus dentatus of, 781 
peduncles of, 778, 779 
restiform bodies, 779 
i structure of, 778 
iiU'^nor surface of, 777 
superior surface of, 776 
vermis of, 775 
white substance of, 778 
Cerebral aqueduct, 793 
arteries, anterior, 598 
middle, 599 
posterior, 608 
cortex, laniin® of, 820 
nerve-cells of, 829 
nerve-fibres of, 829 
special types of, 831 
structure of, 829 
dura mater, 839 
fissures and sulci — 
calcarine, 807 
callosal, 811 
central, 806 
cingulate, 807 
circular, 807* 811 
collateral, 807 
fimbriodentate, 813 
frontal, 808 
hippocampal, 812 
interlobar, 806 
intiw^etal of Turner, 

lateral, 806 
loagjltadinak 805 
. liinate, 809* 
madial frontal, of £ber- 
staUer, 808 
oGoipttal, lateral, 809 
trtussveiHe, 809 
olfiacjbQfV, 808 ^ 

pammeqiiri»;808 ' 



OereM fimras atid 8aloi(eoiiew) 
parieto-oodi^talf. 907 
paxolfactoxy^ anterior, 813 
poatoeatral, 809 
precentral, 808 
ofBo]aDdo,806 
Bulroatietal, 800 
of ^Ivius, 806 
temporal, 810 
ventricle, f^rth, 783 
lateral, 816 
third, 80^ 

Cerebral hemis^res, 804 
association fibres of, 828 
borders of, 805 
commissural fibres of, 828 
development of, 96 
fissures of, 806 

\ gtey substance of, 820 
gyri of, 808 
interior of, 813 
lobes of, 807 
poles of, 805 
projection fibres of, 828 
structure of, 827 
sulci of, 806 
surfaces of, 805 
transverse fibres of, 828 
white substance of, 827 
nerves, 846 

development of, 100 
abducent, 865 
accessory; 881 
acoustic, 872 
facial, 867 

glossopharyngeal, 875 
hypoglossal, 883 
oculomotor, 851 
olfactory, 847 
optic, 848 
trigeminal, 853 
trochlear, 852 
vagus, 877 
peduncles, 787 
structure of, 787 
veins, external, 679 
internal, 080 
vesicles, 63, 90 ^ 

Cerobro-olivary fasciculus, 769 
Cerebrospinal fasciculus, an- 
terior, 764 
lateral, 755 

fibres of internal capsule, 822 
uncrossed, 756 
fluid, 844 

applied anatomy of, 844 
nerves, structure of, 741 
nervous system, 740 
Ceruminous glands, 983 
Cervical ort^, ascending, 610 
superficial, 611 
transverse, 611 
branch of facial nerve, 871 
curve of vertebral column, 
179 ^ 

enlargement of medulla 

fasoia, 435 

aatomy 

fiexuxe of embryomc brain, 

n 

{gangfiom Inferior, 933 
nuMb,932 
. sc^orior, 9^ 
hrm^-tdanda anterior, 7^ 

' ■ 

superficial 716 
applMamiM 


tsasx 

Cervibal muscles, superficiid 
and lateral, ^7 
nerve, cutaneons or trans- 


nerves, anterior divisions of, 
891 

jiosterior divisions of, 887 
plexus, 891 

applied anatomy of, 896 
deep branches of, 894 
superficial branches of, 
891 

posterior, 888 

portion of sympathetic sys- 
tem, 932 
irritation of, 940 
paralysis of, 941 
ribs, 166, 192 
applied anatomy of, 191 . 
vein, deep, 678 
vortebrss, 162 

Cervioalis ascendens muscle, 
447 

profunda artery, 611 
Cervix of uterus, 1185 
Chalice or goblet cells, 3 
Chambers of the eye, 958 
Changes in vascular system 
at birth, 568 

Ghassaignao's tubercle, 164 
Check ligaments, 358 
of eye, 972 
Cheeks, 1046 

mucous membrane of, 1046 
Chemical composition of bone, 
20 

of teeth, 1059 
Chest or thorax, 190 
Chiosma, optic, 802, 849 
Chief or central cells of fimdus 
glands, 1104 
Choano), 243, 258, 945 
permanent, 81 
primitive, 80 
Choked-disc, 850 
Cholecystotomy, 1142 
Chondnn, 17 

Chondrification of the skull, 74 
Chondmcraniuin, 74 
Chondroglossus muscle, 1068 
Chondromucoid, 17 
Chorda tympani nerve, 870, 


Chromatolysis, 36^ 
Chromosomes, 2 
dan^ter, 2 
number Ih man, 2 
Chyle, 707 

ChyUfeioas vessels, 707 
Cilia or eyelashes, 974 
Ciliaris muscle, 957 
Ciliary arteries, 697 
b^y,967 
gangliou, 856 
glands, 974 
nerves, long, 855 
short, 856 
processes, 957 
Ciliat^ epithelium, 5 
Ciliosninal reflex, 838 
Cingulate gyrus, 811 
sulcus, ^7 

Cingulum of cerebral hemi* 


Chord® tendiue® of left ven- 
tricle, 661 , 

of right ventricle, 559 
Willisii, 680 | 

Chordal part of base of skull, 
74 

Chorioidcoat of eyeiiall, 955 
applied anatomy of, 967 
structure of, 055 
plexuses of fourth ventricle, 
785 

of lateral veiitnole, 826 
of third ventricle, 802 
vein, 6^ 

Chorioldal artery, anterior, 601 
p(Mterior^ 608 
fissureof brain, 827 
of optic cup, 102 
Chorion, 65 
Irondoaam, 66 
have, 65 
Ohorio^o vilK, 65 
ClMmaffin cells, 1206 
orgam 101 
Chromatin, 2 


of tooth, 1056 

Circle, arterial, of Willis, 601 
Grcular folds of small in- 
testine, 1110 
sinus, 686 
sulcus, 807 
Circulating fiuids, 26 
blood, 26 • 
lymph, 29 
Circulation of blood in adult, 
545 

in foetus, 566 
vitoIUne, 57, 112 
Circulus major of iris, 597, 
960 

minor, 59ii 960 
venoBua of mamma, U94 
Circiimduotion, movement of, 
3^ 

Circumferenco of skull, 261 
Circumferential fibrocartilage, 
16 

lamelke, 19 

Circumflex artery, anterior 
humoral, 616 
posterior, 616 
lateral femoral, 658 
medial, 658 
oxtomal, 658 
internal, 658 
scapular, 616 
nerve, 899 

applied anatomy of, 906 
Cistema basalis, 843 
cerebellomeduUaris, 843 
chiasmatis, 843 
chyli, 711 

I foss® cerebri lateralis, 843 
I interxxsdunoularis, 843 
' magna, 843 
pontis, 843 

von® tnagnte cerebri, 843 
Cistern®, subarachnoid, 843 
Clarke's column, 731 , 756 
Cfiasmatocj^s, 9 
Classification of bones, 160 
of joints, 343 
of akulls, 262 
Claudius, cells of, 1003 
Olaustrum, 821 
Clava, 764 
Olaviolo, 271 
applied anatomy of, 273 
ossification of^ 273 
pecuHariri^ in sexes, 273 
structure: 273 
surface anatomy of, 1344 
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a. 271 

Tpalate^ 264 
^pudenda], 1191 

^CJin^ing fibres of cerebellum, 
782/ 

Clinoid processes, anterior, 201^ 
252 

middle, 197,254 
posterior, '^‘TdS, 254 
Clitoris, 1192 
dorsal nerve of, 026 
frenulum of, 1192 
glands of, 1192 
prepuce of, 1192 
divus monticuli of cerebellum, 
777 

Cloaca, ectodermal, 139 
entodermaJ, 139 
pelvic portion of, 153 
phallic portion of, 153 
vesico-urethral portion of, 
153 

Cioacal membrane, 51, 139 
duct, 139 
tubercle, 154 

Cloquet, lymph -gland of, 723 
Closed part of medulla oblon- 
gata, 761 

Closing niembrailes, 77 
Club-foot, or talipes, 534 
Coccygeal arteries, 649 
body: 1207 
cornua, 176 

nerve, anterior division of, 
917 

posterior division of, 890 
plexus, 927 
Ooccygeus muscle, 471 
Coccygodynia, 309 
Coccyx, 176 
ronina of, 176 
displacement of, 309 
ossification of, 179 
Cochlea, 994 

. aquccluct of, 208, 244, 996 
cupula, of 995 

hamulus lamirue spiralis of, 

995 

hehjotrema of, 995, 996 
modiolus of, 995 
osseous spiral lamina of, 995 
sealse of, 996 

secondary spiral lamina of. 

996 

spiral canal of, 995 
Yessels of, 1004 
Cochlear arteiy, 1004 
nerve, 873, 1004 
nuclei, 775, 873 

Cochleaiiform process, 209, 088 
Coeliac artery, 632 
branches of vagus nerve, 881 
ganglia, 938 
plexus, 937 
Ccelom, 50, 53, 143 
Cog-tooth or spur of malleus, 
989 

Cohnheim, areas of, 31 
Colic artei;}', left, 638 
middle, 638 
right, 638 

arteries of ileocolic, 638 
flexure, left, 1114, 1118 
right, 1114, 1117 
impression, 1136 
valve, 1115 ' 

Collagen, 11 
Collar-bone, 271 


Collateral circulation, 569 
after ligature of r— 
abdominal aorta, 632 
axillary artery, 615 
^ brachial artery, 610 

carotid artery, common, 
579 

external, 580 
femoral artery, 657 
iliao artery, common, 643 
external, 652 
internal or hypogastric, 
644 

innominate artery, 575 
subclavian artery, 606 
ominenco, 819 
fissure, 807 

Collaterals of nerve-fibres, 38 
Collecting tubules of kidney, 
1148 " 

Colies, fascia of, 458, 473 
Colles*8 fracture, 287 
Colliculi inferior, 792 
superior, 792 

Colliculus of arytssnoid car- 
tilage, 1018 
facialis, 775, 785 
seminalis, 1161 

Ooloboma, congenital, 102, 967 
Colon. 1117 

applied anatomy of, 1 127 
ascending, 1117 
descending, 1118 
iliac, llJlf^ 

left or splenic flexure of, 
1114, 1118 

right or hepatic flexure of, 
1114, 1117 

lymphatic vessels of, 731 
sigmoid or polvie, 1119 
strucitm of, 1122 
trauM verse, 1118 
'' essela and nerves of, 1123 
Colostomy, 1127 
Colostrum corpuscles, 1194 
Coloured or red corpuscles, 20 
Colo*' doss coipusclca, 28 
Columella, of nose, 80 
Column, pn..crior, of medulla 
spinalis, 749 
lateral, 749 
posterior, 749 
0 ^ Clarke, 751, 750 
vertebral, 161, 179 
cartilaginous, 70 
development of, 69 
mmbFonouB, 69 
Oolumna nasi, 943 
vertebralis, 161 
Columnar epithelium, 4 
Columns, o^^fomix, 824 
rectal, of Morgagni, 1122 
renal, 1147 
of va^na, 1100 
Comes nervi phrenici, 609 
I Oomitans nervi i^^hiadioi, 649 
Cbmma-iihaped ^asciqiluB, 758 
Oommissoral fibres pi cerebral 
" hemispheres, 828 
of c'cmbellum, 781 
crossed, 751 

Cominisstisef 'interior, of brain, 
98,9^j 

middle or grey, 794 
posterior, 95, 798 
faaDenuiar, 797 
hippocampal, 824 
pfOuddea.802,85Q 


Commissure of medulla spinalis, 
anterior white, 747 
grey, 750 
optic, 840 

Commissures of brain, de- 
velopment of, 98 
of labia majora, 1101 
palpebral, 974 
Common bile-duot, 1141 
lymphatics of, 732 
carotid artery, 576 
applied anatomy of, 578 
peculiarities of, 578 
dental geim, 1060 
iliac arteries, 642 
lymph-glands, 725 
veins, 701 
integument, 1008 
interosseous artery, 625 t 

mesentery, posterior, 135 * 

peronssal nerve, 924 
Communicans flbularis nerve, 
924 

tibialis nerve, 923 
Communicontes cervieales 
nerves, 894 

Communicating artery, an- 
terior, 598 
pusterior, 600 
from dorsalis pedis, 666 
of peronaeal, 668 
of posterior tibial, 66H 
Compact substanco of bone, 17 
Comparison of bones of hand 
and foot, 339 
Comploxiis muscle, 448 
Compound palmar ganglion. 
506 

Compressor uaris muscle, 429 
Concentric corpuscles of Hos- 
sall, 1200 

Concha of auricula, 979 
ca.M'm conchsB, 979 
oymba conehsc, 979 
inferior nasal, 220 
ossification of, 220 
middie nasal, 219 
superior nasal, 219 
Concha) nasales inferiorcs, 220 
sphenoidal, 201 
Condyle of mandible, 237 
Condyles of femur, 313 
occipital, 195 
of tibia, 318 

Condyloid articulation, 345 
canal, 196 

foramen, anterior, 195 
fossa, 196 

process of mandible, 237 
vein, 687 

Cone of attraction, 47 
Cone of origin of axon, 36 
Oone-bipolars of retina, 963 
Cone-granules of retina, 963 
Cones of retina, 963 
Confluence of fidnuses, 194 
683 

Congenital fissures in cranium, 
224 

hernia, 1126 
complete, 1126 
inomplete, 1126 
hj^hocele, 1168 
Cozi^ital ooloboma, 102 
atresia of pupil» 105 
hypertrophic stenosis of py- 

Coni vasoiil<^ U67 ^ 



I Conical stump, 25 
- Conjoined tendon of obliquns 
intemus and tronsrersalis 
muscles, 463 

Conjagate diameter of pelvis, 
305 

Conjunctiva, 976 
applied anatomy of, 979 
Connecting fibrocartilages, 16 
piece or body of spermato- 
zoon, 44 

Connective tilsue, extra-peri- 
toneal, 466* 
subperitoneal, 466 
Connective tissues, proper, 7 
adipose, 9 
areolar, 7 

\ development of, 14 
lymphatics of, 12 
lymphoid or adenoid, 12 
mucous, 12 
nerves of, 13 
letifotm or reticular, 12 
vessels of, 12 
white fibrous, 10 
yellow elastic, 1 1 
Conoid ligament, 368 
tubercle, 271 

Constriction, diiodonopyloric, 
1099 

Constrictor pharyngis inferior, 
1078 

mcdius, 1078 
superior, 1078 
urethrae muscle, 476 
Contraction of hamstring ten- 
dons, 527 

Conus arteriosus, 558 
tendon of, ^8 
modullaris, 745 
elasticus of larynx, 1021 
Contour lines of Owen, 1069 
Convoluted tubules of kidney, 
1147 

Convolutions of brain {see 
under ‘ Gyrus *) 

Cooper, ligament of, 460 
ligamenta suspensoria of, 
481 

Copula, 130 
Cor, 553 

Coraco-acromial ligament, 368 
CoracobrachiaUs muscle, ^8 
Ooracoclavicular fascia, 483 
ligament, 367 

Coracobumeral ligament, 370 
Coracoid process, 269 
tuberosity, 271 
Cord, genitat 149 
nepbrogenic, 52 
spermatic, 1171 
spinal, 745 
umbilical, 62 

Corium or cutis vera, 1010 
Cornea^ 952 

applied anatomy of, 966 
structure of, 953 
Comeal corpuscles, 954 
epitbeliuin, 954 
spaces, 954 

Gondoizlate cartilages, 1018 
GcHRma Coccygsol, 175 
offpB8aatrdls,51T 
of hyoid bone, 240, 241 
of lateral ventricles^ 81t 31$ 
of medulla apinatia, 742, 
saen% 172 

of thy^id oartilafe, 1017 
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Comucommissural fasciculus, 
757 

Cornucopia of Boohdalek, 785 
Corona glandis, 1174 
radiata of brain, 822 ' 

of ovum, 43 

Coronal suture, 241, 245 
Coronary arteries, of heart, 571 
applied anatomy of, 572 
peculiarities of, 572 
of face, 584 
artery of stomach, 633 
ligament of liver, 1086, 1087 
ligaments of knee, 405 
plexuses, 037 
siniis, 671 
opening of, 556 
valve of, 557, 671 
I sulcus of heart, 553 
I vein of stomach. 706 > 

! Coronoid fossa, 277 

X)roceBs of mandible, 237 
of ulna, 284 

Corpora cavernosa clitoridis, 
1192 

penis, 1173 
artery of, 647 
bulbs cf, 1173 
crura of, 1173 
mamillaria, 799 
quadrigemina, 791 
brachia of, 702 
structure of, 792 
Corpus Arantii, 559, 561 
callosum, 814 
development of, 08 
genu of, 814 
rostrum of, 814 
splcnium of, 815 
cavomosum iiicthrse, 1173 
Highmori, 1165 
luteum, 1181 
spongiosum, 1173 
striatum, 97, 819 
subthalamiomn, 799 
Corpuscles, coloured, 26 
origin of, 27 
colostrum, 1194 
colourless, 28 

concentric, of Hassall, 1200 
corneal, 964 
cosinopbil, 28 
genital, 1006 

of Golgi and Mazzoni, 1007 
of Grandly, 1006 
of Hassall, 1200 
of Herbat, 1007 
hyaline, 28 
l^phooyte, 29 
oxyphil or neutrophil, 28 
Pacinian, 1006 
polymorphonuclear, 28 
of Buifini, 1007 
of Wammr and Meissner, 
1007 

Coxrugator muscle, 429 
cutis ani muscle, 472 
Cortex of cerebellum, 781 
of cerebrum, 829 
of hair, 1014 
Cortirguigiioii of, 1004 
pillars or rods of, 1002 
spiral oigan of, 1001 
tunnel of, 1001 

Cortioal arehea of kidney, 1147 
orteridi system of brahi, 602 
peri^ euproimial gland, 
12^ 


Cortical substance dt kidney, v 
1147 

of lens, 965 
visual centre, 860 
Corticostriate fibres. 820 . 
Corticothalamic fibres, 79fi’ . « 
Costsa spurise, 186 ' 
veraj, 185 

Costal cartilages, 189 
arches, primitive, 71 
cartilage, 15 
groove, 187 
pleura, 1032 

process of a cervical ver- 
tebra, 164 
tuberosity, 272 
Costocervical artery, 611 
Costochondral articulations, 

363 

Costoclavioalar ligament, 366 
Costocoracoid ligament, 483 
membrane, 483 
CostomodiostinaL sinus, 1034 
Costotransverse articulations, 
359 

ligament, anterior, 300 
interosseous, 360 
X>ost6rior, 360 

Oostovertebral* articulations, 

358 

Costuxiphoid ligaments, 362 
Cotyledons of iSacent»,lB6. 68 
Cotyloid ligament, 396 
Covering Iwncs, 77 
Coverings of direct inginnai 
hernia, 1126 
of femoral hernia, 1127 
of oblique inguinal hernia, 
1125 

of ovum, 42 

Cowperis glands, 153, 1178 
Coxal articulation, 393 
applied anatomy of, 398 
movements of, 397 
muscles in relation to, 396 • 
Cranial bones, 103 
fossa, anterior, 252 
middle, 252 
fossa, posterior, 254 
Craniology, 260 
Cranxopbaryngeal canal, 132 
Craniotabes, 224 
Craniovertebral articulations, 
357 

Cranium, 103 
bones of, 193 
breadth of, 261 
congenital fissures in, 224 
development of, 72 
hei^t of, 261 

horizontal circumference of, 
261 

length of, 261 
longitudinal ate of, 261 
I Cremaster muscle, 401 
I Cremasteric artery, 652 
I fascia, 462, 1171 
; Ciesoents of Gianuzzi, 1053 
' Crest or crests — 
anterior of tibia, 320 
fronts, 215 

of mater and lesser tuber- 
cica of humerus, 274 
of ilium, 300 
incisor, 220 

infratemporal, 200, 246 
ingtiinolv 151 

intemal occipital, 194, 255 
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ojiaateifa^ 312 . - 
:rimi^ aifletiot, 227 
poB^etior, 220 
later^ MCtal, 172 , 

medial, m . 
iuiiEal» 2S9 
neural, £3, 88 
obturator, 303 
pubio, 302 
sacral articnJ^jL J72 
spheiio{4al, iw . ^ , 
of ipine of ecapiifiC 268 
supramastoid, 203 
tympanic, 210* 
urethral in female, 1163 
in male, 1161 
Cricket-tbigb, 510 
Criooarytonoid ligament, pos- 
terior, 1021 

Cricoaryteenoideus lateralis 
muscle, 1025 
posterior muscle, 1025 
Oicoid cartilage, 1018 
Gricothyreoid artery, 581 
ligament, middle, 1021 
membrane, 1021 
Cricothyroideus muscle, 1025 
Cricotracheal ligament, 1020 
Crista ampullaris, 908 
arcuata of ari^noid carti- 
lage, 1018 ^ 
basiGuds, iOOO 
capituli, 180 
oolli costcD, 187 
concbalis, 220, 231 
ethmoidalis, 227, 231 
gain, 217 

terminalis of right atrium, 
114,555 
traiisversa, 207 
Yostibuli, 093 

Crossed commissural fibres, 751 
pyramidal tract, 755 
Grosses of Banvier, 39 
Grown of a tooth, 1058 
Cnioial anastomosis, 649, 658 
Cniciate crural ligament, 535 
eminence of occipital bone, 
194 

ligomenlfS of knee, 403 
Crura ct^rebri, 787 
of diaphra^n, 452 
of fornix, 825 
of incus, 989 
of penis, 1173 
^ of stapes, 990 
\of subcutaneous inguinal 
ring, 458 

Crural branch of genitocrural 
nerve, 913 

interosseous membrane, 409 
ligament, cruciate, 635 
transverse, 535 
nerve, anterior, 016 
septum, 654 
Orurous muscle, 519 
Crus commune of eeuilcircular 
canals, 994 
helicis, 979 

Crosta or pea of cerebral ped« 
uncle, 788 

petrosa; or eemwt of teeth; 

1050 

formation of, 1062 
Grutch-paJsy 486, 906 
Cruvdlbier, glenoid ligaments 
of, 387, 420 


,C4wtoreb^ 152, 

Ocypts of Lieberkuh^ 1112 
CiTitilline lens, 965 (see also 
under Lens) 

|<!^bital articulation, 373 
Spplied anatomy of, 370 
movements of, 378 
vesselB and nerves of, 376 
fossa, 617 
vein, median, 688 
Cuboid bone, 335 
ossification of;. 338 
Cuboideonavicular articula- 
tion, 417 

Culrnen monticuli of cere- 
bellum, 777 
Cuneate nucleus, 764 
tubercle, 764 

Cuneiform bone of carpus, 201 
ossification of, 206 
first, of tarsus, 333 
ossification of, 338 
second, 333 

ossification of, 338 
third, 334 

ossification of, 338 
cartilages, 1018 
tubeicte, 1023 

Cunoocuboid articulation, 417 
Cuneonavicular articulation, 
417 

Cuneus, 809 
Cup, optic, 102 
Cupula of cochlea, 995 
of pleura, 1033 

Curvature, lateral of vertebral 
column, 179 

Curvatures of stomach, 1099 
Curved lines of ilium, 298, 299 
Curves of the vertebral column, 
170 

Cushion or torus of auditory 
tube, 988, 1076 
or tubercle of epiglottis, 1019 
Cushions, endocardial, 115 
Cuspids, 1056 

Cusps of bicuB|>id valve, 561 
of tricuspid valve, 558 
Cutajicous brandies of mus- 
ouiC piral nerve, 906 
cervical ner^e; 893 
Cutaneous nerve, dorsal anti- 
brachial, 905 
external, of tbi^, 013 
intennediate, of thigh, 916 
inteimediate dorsal, of foot, 
925 

internal, of forearm, 900 
lateral ontibrachial, 899 
brachial, 899 
dorsal, of foot, 923 
femoral, 913 

lesser internal, of forearm, 
901 

medial antibraohiali 000 
brachial, 901 
dorsal, of foot, 925 
sural, 923 ^ 

ofthi^9l6 » . 
p>:^ora&ig,.92d ' 

posterior W^ial, 906 
femOmli 920 
Cutiole, 1008 
Cttticula dim^ J062 
Cutis plate, \ 
vera or coriC.^; 1010 
Cuvier, duets ot 113, 123 . 
Pyele, cardiac, 505 


Cylinden^ hepotio, 139 
Cylindrical mithelium, 4 
Q 5 fmba oonohaa, 079 
C^tio artery, ^ 
duct, 1141 
lymph-gland, 727 
vein, 706 

Cystotomy, supiapubio, 1160 ' 
Cysts, dental, 265 
dentigerous, 265 
Cyton, 36 
Cytoplasin, 41 ^ 
Cytotrophbblast, 50, 65 

Dacryon, 201 

Dangerous area of eye, 968 
Dartos tunic, 457, 1171 
Darwin, auricular tubercle of, 
979 / 

Daughter ohiomosomes, 2 f 

Decidua, 64 
basalis, 65 
capsularia, 66 

limiting or boundary layer 
of, 64 

pariotalis or vera, 65 
placentalis, 65 
stratum compactum of, 64 
spongiosum of, 64 
Decidual cells, 64 
Deciduous teeth, 1057 
development of, 1060 
Decussation of lemniscus, 767 
of Meynert, 792 
partial of optic nerves, 849 
pyramidal, 762 
sensory, 767 

Deep artery of penis, 647 
auricular aitery, 587 
branch of radial nerve, 006 
cervical fascia, 435 
lymph-glands, 716 
vein, 678 

epigastric artery, 662 
exteruvil pudendal artery, 
667 

fascia of forearm, 491 
iliac circumflex vein, 690 
musples of back, 444 
polraar arch, 623 
peronscal nerve, 925 
Xietrosal nerve, 858, 931 
plantar artery, 666 
temporal arteries, 589 
nerves, 860 

transverse fascia of leg, 528, 
531 

volar aroh, 623 
branch of ulnar artery, 626 
Deformities of skuU, 264 
Degeneration, Wallerian, 40, 
754 

Deglutition, 1079 
Doters, cells of, 1003 
nuokws of, 775, 873 
Delto^ ligament, 411 
tubercle, 271 
tuboosity, 276 
Deltoideus muscle, 485 
anplM anatomy of, 486 
Delimdeopeetoral trian^e, 483 
' lymph-^imdf^ 719 
Demilunes cxf^denimui, 1053 
Dendroas ofnervo^eolj^ 

Deiwof qfxMbtpphea^ 165 
seremus, lOfit 
XN^tid inferior* 589 
- .posterior, 590 



'^[Dental canalicmh*, 1058 
" cy8te,265 
; formula, 1054 
furrow, 10^ 
germ, csommon, 1060 
special, 1060 
index, 262 
; * length, 262 
lamina, 1060 
matrix, 1050 
nerve, inferior, 862 
pulp, 1067 • 
sac, 1061 • 

Dentate gyrus, 813, 833 
nucleus of cerebellum, 782 
Dentes, 1064 
Dentigerous ovsts, 265 
Dentinal canalicuH, 1058 
\ fllires, 1069 
* matrix, 1068 
sheath of Neumann, 1058 
Dentine, 1058 
formation of, 1062 
secondary or adventitious, 
1050 

Depressions for arachnoidal 
granulations, 211 
Depressor anguli oris, 430 
septi, 429 
Dermal bones, 77 
Dermic coat of hair follicle, 
1013 

Dcscendens cervicalis nerve, 
894 

Descending aorta, 627 
colon, 1118 

comma-shaped fasciculus, 
758 

de^neration, 754 
palatine arter 3 r, 590 
process of lacrimal bone, 221 
ramus of hypoglossal nerve, 
884 

Descent of testis, 161 
of ovaries, 152 
Detrusor urinss, 1 159 
Deuteroplasm, 2, 41 
Development of— 
acoustic meatus, external, 
lOS 

nerve, 109 
adipose tissue, 10 
allantois, 69 
amnion, 61 

anal ca^ and rectum, 139 
arteries, 118 
articulation^ 83 
auricula or pinna, 100 
bod^ cavities, 143 
braiii, 00 

branchial or visceral arches^ 
77 

cerebellum, 92 
cerebral hemispheres, 96 
nerves, 100 
ohoriem^ 65 

obxomdffin orgauAr 101 
commissures of brain, 98 
coxmetire tknues, 14 
coipns caZkwuin, 98 
striatum. 97 
deriduoue ieetii, 1060 
. dienc^lbatoti, 94 
digestive a^aratus, 128 
ew, 106: 

eirimtial organs of genm* 
tion, '} • 

eye,' 102 “ ' j 


Deivel<%K^nt^ of— 
face, 79 

fissures and sulci of oere- 
bium, 98 

fcetal memhfanea and pla* 
centa, 59 
fore-brain, 93 
generative and urinary 
organs, 145 
gonim glands, 149 
glands of skin, a? 
hairs, 85 
heart, 111, 113 
hind-brain, 91 
h 3 mo|»hysis cerebri, 132 
inferior vena cava, 124 
joints, 83 
kidney, 162 

lacrimal apparatus, 106 
iominas of cerebral cortex, 
831 

limbs, 82 
liver, 139 
lungs, 142 

lymphatic system, 127 
mammary gland, 85 
medulla oblongata, 91 
spinalis, 86 

membranous labyrinth, 106 
mesencephalon, 92 
mesonephros, 146 
metanephros, 152 
mid-brain, 92 
milk-ridge, 86 
mouth, 129 
Mullerian duct, 149 
muscle-fibres, ^ 
muscles, 84 
nails, 85 

nasal capsule, 76 
neopallium, 97 
nervous system, 85 
neural groove and tube, 53 
nose, 79 
notochord, 54 
olfactory nerves, 102 
ovary, 160 
palat^ 80 

palatine tonsils, 131 
pancreas, 141 
parathyroid bodies, 131 
parietes, 69 
permanent kidney, 152 
teeth, 1063 

pharyngeal pouches, 77 
pinna or auricula, 109 
placenta, 66 
pona, 92 

primary nail-fields, 85 
primitive segments, 55 
streak, 50 

pronephrio duct, 146 
pronephros, 146 
prosencephalon, 93 
prostate, 153 

rectum and anal canal, 139 
reapiratii^ organs, 142 

rhineneephalon, 96 
ihombeiiicephalQn or hind- 
. ,l>ra£a,91 

a^rasyi^iBids, 130 
acbacoous glands, 85 
fSDae orguUf 65 

. eiinis venosus, 113 
akoj^oi^ 69 

^ i^ia 4 m its apO^^dag^A, 84 


DeOlopment of— 
skull, 72 
spinal nerves, 88 
spleen, 141 
stemtmi, 72 
sudoriferous glands, 85 
stilci and fissures of cere< 
brum, 98 

suprarenal glands, 101 
sweat-glands, 85 
sympatiiotic system, 100 
teeth, 1060 
telencephalon, 95 
testis, 151 
thymus, 131 
thyreoid gland, 131 
tongue, 130 

tympaojo cavity, 107 . 

ossicles, 108 
umbilical cord, 62 
urethra, 154 
urinary bladder, 153 
urinaiy and generative 
organs, 145 
valves of heart, 118 
vascular system, 109 
veins, 122 

vertebral column, 69 
visceral or liranchlal arches, 
77 

Wolffian duct, 146 
yolk-sac, 67 • 

Diameters of pelvis, 305, 306 
Diaphragm, 452 
actions of, 464 
central tendon of, 453 
crura of, 452 
lymphatic vessels of, 738 
openings in, 453 
relations of, 454 
pelvic, 467, 1084 
urogenital, 475 
Diapmagma sellsd, 800, 841 
Diaphragmatic lymph-glands, 
736 

part of pelvic fascia, 408 
pleura, 1033 
surface of heart, 554 
Diaphysis, 24, 160 
Diaphysitis, acute, 25 
Diarthroscs, 344 
Diaster, 3 

Diencephalon, 94, 703 
Differentiation of cells, 41 
Digastric fossa of mandible, 235 
of temporal bone, 205 
nerve, front facial, 870 
triangle, 592 
Digastneus muscle, 439 
Digestive apparatus, 1045 
development of, 128 
lymphatio vessels of, 730 
tube, 1045 

Digital arteries, common volar, 
627 

proper volar, 827 
artiouiations of foot, 420 
applied anatomy of, 420 
of hand, 387 

fossa of epididymis, 1165 
nerves oflatcmplMtar, 924 
of medial plantar, 923 
ef medkd, 903 
oIradHfiOfi 
of ulnar, 904 

vaginiti ligaments, 493, 530 
veins of foot, 695, 698 
/of hand, 687, 690 
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l^aria anterior, 499} 
isterior, 429 
^ rill8e,959 
^ n»ub«, 988 
Diplog, 161 
Diploic vexDB, 678 
frontal, 678 
occipital, 679 
temporal, anterior, 678 
postericff, 678 
Diplopia, 862 ^ 

Direct cerebellar tract, 756 
diviflion of cells, 2 
inguinal hernia, 1126 
pyramidal tract, 754 
Di^, arUcular, 344 
embryonic, 60 
optic, 061 

Discharge of ovum, llSl 
Discs, tactile of Merkel, 1006 
Discus proligerus, 1181 
Dislocation of — 
acromioclavicular joint, 368 
ankle-joint, 413 
atlas from epistropheus, 358 
elbow- joint, 379 
head of radius, 379 
hip- joint, 398 
congenital, 390 
knee- joint, 408 
long tendon of Biceps brachii, 
406 

mandible, 348 
menisci of knee-joint, 408 
radiocarpal joint, 384 
shoulder-joint, 372 
sternoclavicular join"^ 3G6 
subtalar, 418 
tarsal bones, 418 
wrist- joint, 384 

Dissociation of sensations, 838 
Diverticulum, Meokers, 67, 
1110 

Division of cells, direct, 2 
indirect, 2 

Divisions of bronchi, 1041 
anterior, of sjiinal nen'cs, 891 1 
posterior, of spinal neives, ( 


887 

Dobie's line, 31 
Dogiel, ceus of, 886 
Dolichoiacial, 261 
Dorsal antibrachial muscles 
496 

aortsD, 120 
artery of penis, 647 
branch of i^ar nerve, 903 
carpal artety of radial, 622 
of ulnar, 625 
ligament, 503 
network, 622 

cutaneous nerve of foot, in- 
termediate, 926 
lateral, 923 
media], 925 
digital veins, 687, 695 
interosseous artery^ 626 
lamina, 87 
moaogastrhun, 135 
metacaipal arteries, 623 
veins, 687 

metatarsal vems, 695 
nasal artery, 598 
nerve of clitoris, 926 
nerve of penis, 926 
part of pons, 773 
periphem band, 758 
radiocarpal ligament, 381 


Dorsal scapular nerve, 896 
s^^ental arteries, 121 
veins of penis, 701 
venous arch of foot, 695 
yeiibuB network of hand, 687 
Dorsales lingoes arteries, 582 
Dorsalis haUucis artery, 666 
pedis artery, 665 
applied anatomy of, 666 
branches of, 666 
peculiarities of, 666 
surface marking of, 1262 
Bcapuks artery, 616 
Dorsoi^itrdchlearis brachii 
muscle, 480 
Dorsum ilii, 298 
nasi, 943 
of tongue, 1065 
fiollsRy 198 

Douglas, pouch of, 1087, 1186 
Droplet, enamel, 1061 
Duct or ducts— 
accessory pancreatic, 141, 
1132 

of Bartholin, 1052 
of Bellini, 1148 
of bulbo-urethral glands, 
1178 

cloacal, 130 
common bile, 1141 
of Cuvier, 113, 123 
cystic, 1141 
ejaculatory, 1170 
frontonasal, 216 
of O&rtner, 147, 1181 
hepatic, 1140 

lacrimal, 977 I 

lactiferous, 1193 I 

of liver, 1140 
. J5Tnphatic, right, 712 
Mullerian, 149 
I'.asolacrimal or nasal, 978 
pancreatic, 141, 1131 
parotid, 1050 
p^onephric, 146 
prostatic, 1161, 1177 
of Rivinus, 1062 
of Santorini. 1132 
I semicircular, 998 
I tSkeno<}153 
Stensen’s, 1 j 50 
sublingual, 1052 
suhmoxillary, 1052 
th'^racic, 710 
thy*ooglo8sa1, 131, 1066 
vitelline, 66, 67, 133 
Wharton's, 1062 
of Wirsun^ll31 
Wolffian, 146 
Ductless glands, 1195 

aortic bodies of Zucker- 
kandl, 1208 
glomera oa^tica« 1207 
^omus coccygeum, 1207 
parathyreoids, 1198 
spleen or lien, 1200 
suprarenale, 1206 
thymus, 1198 ^ ^ 
thyreoid, 1195 
DuctuU abecrantes of 
1169 

offerentea of testis, 1167 
tranaversi of epoSphoron, 
147, 1181 1 \ 

Ductus arteric*’-fc 566* 568 
eholedoohus, 1141 i 
cooUearls, S98 
defemk^ 11^ 


Ductus deferens, ampulla of, 
1168 

artery to, 644'' 
lymphatics of, 735 
structure of, 1169 
ondolymphaticus, 993, 997 
longitudmalis opoophoii, , 
1181 

Santorini, 1132 
utrioulosaccularis, 997 
venoBUS, 123, 568 
developmeiA of, 123 
fossa for, 1134 
Wirsungi, 1131 
Duodenal fosssr, 1097 
6exure, inferior, 1106 
superior, 1106 
glands, 1112 

impression, 1137 / 

Duodenojejunal flexure, 1106, • 
1108 

fold, 1097 
fossa, 1097 

Duodenomeso^lio fold, 1097 
Duodenopyloric constriction, 
1099 

Duodonum, 1106 

ascending portion, 1108 
descending portion, 1107 
horizontal portion, 1107 ' 
superior portion, 1106 
lymphatic vessels of, 731 
suspensory muscle of, 1108 
vessels and nerves of, 1108 
Dupuytren's contraction, 505 
Dora mater, 839 
cerebral, 830 * 

arteries of, 841 
endosteal layer of, 839 
meninge al layer of, 839 
nerves of, 841 
processes of, 840 
structure of, 841 
veins of, 841 
spiral. S41 

Ear, 979 

auditory (Eustachian) tube, 
088 

auricula or pinna, 979 
cartilaginous capsules of, 76 
cochlea, 994 
external, 970 

external acoustic meatus, 
081 

development of, 108 
internal, or labyrinth, 993 
^plied anatomy of, 1004 
<^elopment of, 106 
membranous labyrinth, 996 
middle, or tympanic cavity* 
984 

muscles of tympanic cavity, 
990 

osseous labyrinth, 093 
ossiries of tympanic cavity* 
988 

semicircular canals, 994 
tympanic cavity* 9^ 
applied anatomy of, 992 
vessels and nerves of* 991 
vestibule* 993 

Ear^dapsoles* ohondrifioation 
(rf,76 

EberstaUer* medial fi^tal sub 
cus of* 808 
Ectoderm* 50* 51 
amnlotie, 61 . 



' 4 ^todennftl cJoiaca, 139 
f Ectopic 1183 . 

Eetropion»978 

:? Effemt i^nhatio irecaek. 708 
ilenres, 742 

,, Ejacolator urixua mxiaole, 473 
• Ejaculatory duct8» 1170 
Elastic fibres of areolar tissue, 8 
fibiocartilage, 17 
" laminss of cornea, 954 
membrane «f larynx, 1020 
tissue, yellowy ll 
Elaatin, 12 
E{bow«jojnt, 373 

anastomoses around, 619 
applied anatomy of, 379 
movements oi^ 378 
% surface anatomy of, 1246 
marking of, 1250 


vessels and nerves of, 376 f Entodermal cloaca, 130 


Eleidin, 6, 1009 
Element, saicous, 32 
Elephantiasis, 710 
Eleventh thoracic vertebra, 
169 

rib, 189 

Embryo, formation of, 55 
form of, at different stages, 
156 

Embryology, 41 
Embryonic difw, 50 
octodcnu, 50 
pole, 49 

Eminence, canine, 224 
collateral, 819 
cruciate, 194 
frontal, 213, 241, 248 
hypothenor, 500 
iliopectineal, 301, 303 
inteicondyloid, of tibia, 318 
medial, of rhomboid fossa, 
785 

Mullerian, 149 
parietal, 211, 241, 245 
pyramidal of tynipanio 
cavity, 987 
thenar, 500 

Eminences and depressions of 
bones, 161 

Eminentia arcuata, 206 
articnlaris, 203 
sacGularis, 800 
Emissary veins, 686 
appii^ anatomy of, 687 
Empnysema, pulmonary, 192 
surgical, 1043 
Empyema, 1034 
Enamel colls, 1661 
droplet, 1061 
epithelium, 1061 
fibres or prisms, 1059 
organs, 1061 
of teeth, 1059 
formatioh of, 1061 
pulp, i061 
. EnorSbgrbftls, 346 
Enc^hidccele, 262 
Enoephalaiit760 - 
|hioy^cidcali,ll60 

CQtdi l]t!^ 

Z" 1096 

\ Endf'i^tOr'iikatoiv 743 


Endajmiat^i6i4 264 ^ 
Endo^nh, ^ 

Endomyrnmn, 30 
Endoneuiiuxa, 741 
Ex^pelvlc p^olpelviofitsbia, 

EnMeletonJ^' 
.EndCsmosia, 27 

Endosteal layer of dura matef , 
839 

Endothelium, 4 
of anterior chamber eye, 
956 

EnMlmann, basal' knobs of, 5 
Enia^ements of meduUa 
spinaUs, 746 
Enterectomy, 1124 
Enteroptosis, 1127 
Entoderm, 51 


Entrance to the laiynx, 1023 
Entropion, 978 
Enucleation of tonsils, 1072 
Eosinophil corpuscles, 28 
Eparterial branch of right 
bronchus, 1028, 1041 
Ependymal layer, 86, 815 
Epicardiom, 551, 502 
Epicondyles of femur, 314 
of humerus, 278 
Epicranial aponeurosis, 427 
Epicranius, 426 

Epidermic coat of hair follicle, 
1013 

Epidermis, development of, 84 
stru<*tiiro of, 1008 
Epididymis, 1164 

E adix of, 1165 
of, 1164 

of, 1164 4 

ligaments of, 1165 
sinus of, 1165 
tail of, 1104 
pidural space, 841 
Epigastric artery, deep or in- 
ferior, 652 

applied anatomy of, 652 
peculiarities, 052 
surface markings of, 1240 
superficial, 657 
superior, 609 
fold, 1126 
lymph-glands, 725 
region, 1084 
vm, inferior, 699 , 

- superficial, 606 
Epiglottis, 1018 
tubercle or oifflfluon of, 1019 
Epihyal bone, 441 
Epimysium, 30 . 

Epinourium, 741 
Epiotic centre of temporal 
00^210 

Epiphyses, atavUtlo, 24 
pressure, 24 
traction, 24 

Epiphysial cartilage, 22, 23 
Epiphysis, 24, 160 
actively growing, 25 
‘|^a^ute,25 
fiMsmen, 130, 1091 
Maimnu 
165 

i&mitof,17T 
ina, 95 ,t 97 V 

ojf , 

7l|w '' . 


Epithalamus (con*;) . 

imfaennlor 

pineal' body, '799 " " ' 

applied a^tomy of, 

• 'Siwtutepf^lOd '’vS:' 

poBteribr.oonimiisuire, 798 ^ 

nucleus 798 
trigonum habenulss, 797 » 

Epithelial colls, 4 . . 





Epithelium, 4 
ciliated, 5 
columnar; 4 
'corneal, 954 
cylindrical, 4 
enamel, 1061 
glandular, 5 
pavemont>4 
pigmented, 13 
simple squamous, 4 
stratified, 6 
transitional, 7, 1142 
Epitrichium, 84 
Epitympanio reoess, 206, 984 , 
Eponj^nium, 85, 1011 
mKiSphoron, 147, 1181 
Equator of lens, 965 
E^*s paraljTsis, 900 
Kroctor cUtorif^ muscle, 476 
}>oni8 muscle, 474 
spime or saerospinalie 
muscle, 445 

Eruption of the teeth, 1063 
Erythrohlasts, 27 
Erythrocytes, 26 
Ethmoidal air-cells, 218, 949 
arteries, 599 
bone, 217 
conohiB of, 219 
crista galU of, 217 
labyrinth or lateral mass 
of, 218 

lamina cribrosa of, 217 
lamina papyracea of, 218 
lamina pcrpendioularis of, 
218 

os planum of, 318 * 

ossiScation qjf, 220 
uncinate process of, 219 
canals, 216, 21 S 
foramina, 250 
nerve, anterior, 855 
' posterior, 856 
notch, 216. 

process of inferior nasal 
concha. 220 
' spine, 1 9*7 « « 

sulcus, 222 
Euataohian tttbe^ 988 
i valve, 666, 70l 
Excavation of optio nerve,^ 961 
i recto-uterine* 1087, 1186 
I reotovesioal, 1087 

vesico-uterllne, 1087, 1184 
, Excision of ankle 414 ' 

I elbow, 379 
1 hip, 399 
knee, 409 

ahouldee, 373^^^^^^ ^ ^ 

EiQw/pSe:baof-S29; 

^ Exiej^wslmoe,, 9^3 ■ 

ExosMetom 190' 

: Extensor eaipi Miafis 

lon^’ 496 ' 

. t . 'nlnattt, LiOS- 
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Extensor Qoooygis, i48 
digiti quinti propHus, 497 
digitorom brevis, 537 
commnnis^ 497 
loDg[iia, 52B 
haJlncis brevis, 537 
longuB, 628 
indicia pioptiiia, 600 
oasis rnetaearpi iMliicis, 499 
poUicis breviSf^W 
.longuB,499 i 

Exterior of skull, 241 | 

External capsule of brain, 822 ; 
Extra-cmbiyonio ocelom, 50 
Extraperitoneal connective 
tissue, 460 1 

Extremities, 265 ; 

lx>nes of the inferior, 208 ; 

of the superior, 266 
Extrinsic muscles of tongue,! 

1067 ! 

Extroversion of bladder, 308, 
1159 ; 

Eyeball, or bulb of the eye, 961 , 
accessory organs of, 968 i 

applied anatomy of, 966 ' 

aqueous humour, 964 
capsule of Temon, 972 
chambers of, 958 
chorioid, 955 ! 

ciliaris muscle, 958 | 

ciliary body, 057 > 

processes, 957 I 

conjunctiva, 976 
cornea, 962 

crystalline lens, 965 ! 

develojiment of, 102 i 

fascia bulbi, 972 . 

fibrous tunic, 951 
filtration angle, 953 ; 

iridial angle, 953 1 

iris, 958 

membrana pupillaiis, 105, ' 
958 I 

ocular muscles, 968 I 

orbiculus ciliaris, 957 
pupil, 958 j 

refracting media, 964 | 

retina, 960 

pigmented layer of, 961 
supporting framework of, 

retina proper, 961 
solera, 951 
tunics of, 961 
vascular tuific, 966 
vessels jand nm^vOf, 966 
vitreous body, 064 ' 

Eyebrows, 973 
X^rclaslies, 974 
Eyelids, 973 
applied anatomy of, 978 
development of, 105 
structure of, 974 
surface anatomy of, 1220 
tarsi of, 974 
Eje>teetb, 1067 

Faoe, bones of, 224 
. de^opment of, 79 
lympbatie vessds of, 716 
surface anatomy of, 1216 
Facial artery, 582 
transverse, 686 
bones, 224 
canal, 207 
hiatus of, 207 
prominence of, 986 


Facial hemiatrophy, progress- 
ive, 941 

tymph-dands, 714 
deep, 714 
nerve, 867 

motor root, 867 
sensory root, 868 
applied anatomy of, 871 
vein, anterior, 673 

applied anatomy of, 674 
common, 673 
deep, 674 
posterior, 674 
transverse, 674 

Falciform ligament of liver, 
1086 

margin of fossa ovalis, 616 
cornua of, 517 
process of sacrotuberous 
figament, 389 
Fallopian tubes, 1182 
False ligaments of bladder, 
1157 
ribs, 186 
vertebrse, 161 
vocal c^rds, 1023 
Falx cerebelli, 841 
cerebri, 840 

inj^inal aponeurotic, 463 
Fascia of abdomen, 456 
anal, 468 
of ankle, 535 
antibrachial, 491 
axillary, 481 
bicipital, 489 
brachial, 488 
buccopbWyngeal, 436 
bulbi, 972 
of Camper, 457 
cervical, deep, 435 
superficial, 435 
of Colics 458,403 
colli, 435 

applied anatomy of, 437 
■joraccclavicnlar, 483 
cromasteric, 462, 1171 
cribrosa, 616 
cruris, 52S 
de^i , 426 
deep cerv’^al, 435 
of ibrcarm, 491 
of leg, 528 

transverse of leg, 528, 631 j 
of deltoideus, 485 
dairtata hippocampi, 813, 
833 

di^^agmatic part of pelvic, 

iorsi^ pedis, 537 
endopeivic, 469 
general de^ription of, 426 
of the head, 426 
iliaca, 613 
iliopectmeal, 613, 
inferior of urogenital dia- 
phrafEm, 475 
infrasrinata. 487 
rinfundibulifmi >465, 1171 
iptercrural, 459, li \ 
l^hiorectai, 472 
latis 616 . 

faleifonn margin of, 616 
fossa qvaJifi of, 616 
iliotibial biaet or bond of, 
616 ' i 

of teg, 628 ; 

dsi^ transverse, 528, 631 
lumLodorsfd, 444 t 


Fasoia, nuchal, 444 
of obturator intemus, 467 
orUtab 972 

porotideomasseteric, 435 
pectoral, 481 
pelvic, 467 

pharyngobasilar, 1077 
pretracheal, 437 
prevertebri^ 436 
propria of femoral hernia, 


of psoas and iliacus, 613 
of quadratus lumborum, 
466 

rectal, 469 

rectovesical, 469 

renal, 1146 < 

of Scarpa, 457 / 

Sibflon’s, 1033 

spermatic, external, 459, 

1171 

subsicapular, 486 
superficial, 425 
superior, of urogenital dia« 
phragm, 476 
suprahyoid, 440 
supraspinata, 486 
temporal, 433 
of thigh, 516 
of thoracic region, 481 
iransversalis, 465 
of trapezius, 478 
triangular, 460 
of upper extremity, 478 
of urogenital diaphragm, 475 
476 

in female, 477 

of urogenital region, 475, 476 
vesical, 469 

Fascism, general description of, 
425 

Fasciculated bladder, 1160 
Fasoic Ji, intrafusal, 1007 
superficial transverse of 
hand, 605 

Fasciculus, anterior proper, 
or anterior basis bundle, 
755 

of Burdach, 756 
cerebeUo-olivaiy, 769 
cerebellospinal of Lowenthal, 
766 

cerebro-olivaiy, 769 
cerebrospinid, anterior, 754 
laterat 766 
unciosMd, 765 
comma-sha]^, 758 
comucommisBural, 767 
crossed pyramidal, 756 
cuneatus, 756 
direct cerebellar, 756, 767 
direct pyramidal, 764 
dorsal peripheral band, 758 
of Flechsig, 766 
ofGoU,7& 
of Gowers, 756 
gracilis, 766 
of HeWeg, 766 
. inferior longitudinal, 829 
lateral Dtoper, or lateral baste 
bujul]h^766 
ofLissaner, 768 
of Lowenthal, 7<66 
medial longitadiikal, 790 
olMon^w, 766 
boeipiio&ontab 829 
olfactory, 825. 
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Fasioulusy olivo^al, 756 
oval area of STechsi, 766 
perpendicular, 820 
poaterior longitudinal, 790 ' 

pyramidal, crossed, 756 i 
direct, 764 j 

retroflexus of Meynort, 797 ' 
rubiroi^inal, 765 j 

secondary sensory, 756 ; 

solitarius, 772, 875 < 

spinocerebellar, anterior, 766 ! 
spino-olivary, 769 i 

spinotectal, 756 
spinothalamic, 756 
superficial anterolateral, 756 ' 
superior longitudinal, 828 
tectospinal, 756, 756, 791 ! 

thaJamomamillary, 799, 824 j 
triangular strand, 758 
uncinate, 828 
vestibulospinal, 755 
Fasciola cinerea, 813 
Fastigium, 780 
Fat or adijioso tissue, 9 
ceUs, 9 
Fauces, 1072 
arches or pillars of, 1072 
Female genital organs, 1178 
biilK of vestibule, 1 192 
corunculfis hymenalcs, 1192 
clitoris, 1192 
development of, 145 
epoiipboron, 1181 
external, 1191 
Fallopian tubes, 1182 
fourchette, 1192 i 

greater vestibular glands, 
or glands of Bartholin, 
1192 

hymen, 1 192 

labia majora, 1101 i 

minora, 1191 


Femur, condylee of, 313 
head of, 310 
neck of, 310 
ossification oi^ 316 
structnre of, 315 
surface anatomy of, 1254 
trochanters of, 311, 312 
Fenestra vestibuli or ovalis, 
986 

basalis, 77 
narina, 77 
rostroventralis, 77 
cochlete or rotunda, 986, 
996 

Fenestrated membrane, 11 
Fertilisation of ovum, 47 
Fibrai proprisa of corcbcllum, 
781 

Fibres, external arcuate, 709 
association, of eerebelluin, 
781 

of cerebrum, 828 
cerebrospinal, of internal 
capsule, 822 

clinging or tendril, of cere- 
bellum, 782 

commissural, of ccrobollnm, 
781 

of cerebrum, 828 
corticostriate, 820 
crossed commissural, 751 
dentinal, 1059 
onamol, 1059 

geniculate, of internal cap* 
sule, 822 

intcrcolumnar, 450 
intercrural, 459 
internal arcuate, 767 
intrafusal, 1007 
moss, of cerebellum, 782 
muscle, 30 
nerve, 37 


mons pubis, 1191 
navicular fossa, 1192 
ovaries, 1178 
paroophoron, 1181 
pronucleus, 43 
uterine tubes, 1182 
uterus or womb, 1183 
vagina, 1190 
vestibule, 1192 
Female urethra, 1163 
Femoral artery, 653 

applied anatomy of, 656 
branches of, 657 
peculiarities of, 656 
surface marking of, 1262 
canal, 654 

circumflex artery, lateral, 
658 

medial, 658 

cutaneous nerve, intoime- 
diate, 616 
lateral, 913 
medial, 916 
posterior, 020 
fossa, 664 
fovea, 1125 
hernia, 1126 
nerve, 916 

applied anatomy Of, 027 
rikig,654 
septum, 654 
sheath, 653 
triangle, 654 
vein, 698 
Femar, 309 

applied anatomy. Of, 316 


ostcogenotic, 22 
perforating, of bone, 20 
projection, of cerebellum , 778 
of cerebrum, 828 
of Purkinje, 34 
radial, of cerebral cortex, 831 
of Remak, 40 

Hustentacular, of Muller, 903 
tangential, of cerebral cortex, 
831 

of Tomes, 1059 
white, of areolar tissue, 7 
yellow or elastic, of areolar 
tissue, 8 

Fibrinoid substance of placenta, 
66 

Fibrooartilage, circumferential, 
16 

connecting, 16 
interorticular, 16 
sacrococcygeal, 352 
stratiform, 17 
white, 16 

yellow or elastic, 17 
Fibrocariilages, intervertebral, 
350 

applied anatomy of, 351 
, eetmlunar of knee, 404 
Btnxotore of, 360 
Fihrocart^agfnous lamina, in- 
tai^ubio, 391 

Fibrous capsule of Olisson, 
1094, 1138 , 

\capnile of kidney# 1147 
1 ^ ^peiei^ardiuip, 551 
I rings of he^ 562 


Fibrous sheaths of flexor ten- 
dons of fingers# 403 
of toes, 539 

stratum of articular capsule, 
342 

tissue,, white, 10 
tunic of eyoMI, 951 
Fibula, 322 

applied anatomy of, 324 
os^oation of, 324 
surface fonn of, 1255 
Fibular artery, 067 
collateral ligament of kneo* 
joint, 403 

intermuscular septa, 528 
notch, 320, 321 
Fifth lumbar vertebra, 170 
metacarpal bone, 296 
metatarsal bone, 337 
Fillet or lemniscus, 767 
lateral, 790 
mesial, 791 

Filtration angle of eye, 963 
applied anatomy uf, 968 
Filum teiminale# 746, 840 
Fimbria hippocampi, 825 
ovarian, 1182 

Fimbria of iftorine tube, 1182 
Fimbriated end of uterine 
tube, 1182 ^ 

Fiinbriodentate fissure, 813, 
825 

Finger-prints, 1008 
First cervical vertebra, 104 
cervical nerve, anterior divi- 
sion, 891 

posterior division, 887 
cuneiform bone, 333 
ossification of, 338 
dorsal metacarpal artery# 
623 

metatarsal artery, 066 
metacarpal bone, 294 
metatarsal bone, 336 
plantar interosseous muscle, 
539 

rib, 188 

thoracic vertebra, 168 
volar interosseous muscle, 
506 

Fissura antitragohelioina, 981 
prima of cerebellum, 93 
of olfactory lobe, 813 
Bocuuda of cerebellum, 93 
vestibuli, 996 

Fissure, anterior median, ol 
m^uUa spinalhi, 747 
chorioidak 102 
external rhinal, 96 
fimbriodentate# 813, 825 
fiocoular, 93 
GlaaerLui, 204# 986 
orbital. Inferior, 24t) 
superior, 200, 261, 253 
petiO-ooclpital, 244 
pettosphenoidal, 244 
petrotympanic, 204, 243# 
985 

postnodular, 93 
pterygoid, 201 
pterygomnslllary, 247 
sphmmaxUIaiy, 246 , 
transverse of liver, 1135 
Fissure antd sulci of mednlla 
spinalis, 747 

Fissures of cerebellum, 776 
developiiien't of, 93 , 
fioceular# 
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Fiesures of C 6 t 0 bdhim {wnk) 
horizontaL 776 '• 
poBtcentttl, 776 
postnodatar* 93, ,777 
postpyramida], 777 
precentral, 776 
piecliyal, 777 ^ - 
prepvraniidal!^ 777 
of cerebral hembphere, 806 
deyelopnrnit of, 98 ' 
calcarix^ 807 
callosal, 811 
collateral, 807 
complete and incomplete, 
806 

external rliinal, 96^ 
fimbriodentate, 813, 826 
hippocampal, 98, 812 
interlobar, 806 
lateral cerebral, 90, 800 
longitudinal cerebral, 805 
paneto*occipita1, 807 
of Rolando, 806 
of SylviuB, 806 
transverse, 827 
congenital, of cranium, 224 
of lungs, 1040 
of medulla oblongata, 761, 
762 

Fixatioi\, muscles, 424 
Fixed vertebriB, 161 
Flat bones, 160 
Flat-chest, 102 
Flat-foot, 417, 422 
Fleohsig, direct cerebellar tract 
of. 766 

oval aiva of, 768 
Flexor accessorius muscle, 639 
carpi radialis, 492 
ulnaris, 492 

digiti quinti brevis of foot, 

of hand, 608 
digitorum brevis, 638 
longus, 532 
profundus, 493 
sublimis, 493 
hallucis brevis, 530 
longus, 532 
pollicts^Lrevis, 606 
longus, 494 . I 

Flexure, cervical, of brain, 91 I 
duodena], inferior, 1106 I 
superior, 1106 

duodenojejunal, 1106, 1108 ! 
hepatic, 1114, 1117 
left colic: 1114, 1118 
perinnal, of rectum, 1122 
pontine, 91 

ri^t colic, 1114, 1117 I 
sacral, of rectum, 1122 ' 

splenic, Ill4, 1118 * 

ventral c^halio, 90 
Floating kidney, 1161 
-ribs, 186 

Floccular fissure, 93 
Flocculus, 777 
Floor^plate, 86 , 

Fluid, amniotic, 62 
cerebrospinal, 844 
vitd[line ,57 
FKuidfl^ circulating, 26 
blo 6 d ,26 

lymph, 29 I 

Festal circulation, 566 
heart, peculisastias of, 127 
metnbmea,69 
portion of pkyceiita, 66 . { 
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Ftetus^ cimlarion in, 666 
foramen ovale in, 116, 666 
, peculiarities of vascular 
system in, 666 ' 

. valve of inferior vena cava 
in, 567, 666 ^ 

Fold, divepiglottic, 1023 
caudal, 55 
cephalic, 65 

duodenomesocolic, 1097 
duodenojejunal, 1097 
iliocDscal, 109$ 
inguinal, 161 
patellar, 401 
salpingopalatine, 1076 
salpingopharyngeal, 1070 
offceves, 1098 - 

urogenital, 147 . : 

vestigial, of Marshall, 126, 
652 

Folds, alar, of synovial stratum 
of knee<^()lnt, 401 
amniotic, 61* 

circular, of small intestine, 
1110 

epigastric, 1126 
gloBSO' epiglottic, 1019, 1061 
malleolar, 985 j 

neural, 63 

palmate, of cervix uteri, 1186 1 
rocto-utcrine, 1186 i 

rectovesical, 1089 
saerogenltal, 1089, 1186 
transverse, of rectum, 1120 * 
umbilical, 1126, 1167 i 

ventricular, of larynx, 1023 j 
vocal, of loi^x, 1023 ; 

Folium vermis or caciiminis, : 
777 

Follicle of hair, 1012 
Follicles, Graafian, or vesicular 
ovarian, 1180 
lontana, spaces of, 96o 
Fort^aaeiles, 268 
Fonriculus, frontal or anterior, ; 
212, 268 

mastoid, 258 i 

occipital or posterior, 195, 
212, 258 ; 

. sphenoids b 268 ' 

Foot, arches of, 420 \ 

applied anatomy of, 422 
dorsal fascia of, 637 
nusole of, 537 ; 

ossification of bones of, 338 I 
plantar muscles of, 637 
skeleton of, 326 - 

applied anatomy of, 340 I 
surface anatomy of, 1255 ! 
Foot-drop, 928 

Foramen bursa omenti majoris, 
1092 » 

csscum of frontal bone, 216 
of medulla oblcngata, 761 
of tongue^ 130, 1066 
caioticoclinoid, ^1 
condyloid, anteror, 196 
epipldcum, 136, 
fnontal, 214 / ' • 

ofHusobke,209, 211 
incisive^ 22^ 243 
infiuqrbitab224 
interrentriiihur, 80^ 826 . 
r, 244, 2^ . 
u, 244*254 

198, 244, 265 
»’7^64d 


Foramen mastoid, 205 
m^tal, 235, 249 
of Monro, 803, 826 
nutricium, 18 
obturator, 303 
optic, 197, 201 
ovale of heart, 115, 666 
of sphenoid, 200, 243, 254 
palatine, greater, 243 
parietal, 211 
rotundiun, 200, <254 
sciatic, greatef, 390 
lesser, 390 
singulare, 207 
sphenopidatine, 232 
spinoBum, 200, 243, 254 
sternal, 182 
stylomastoid, 208, 243 
supraorbital, 214, 248, 249 
supratrochlear, 277 
iransversarium, 163 
vena-oaval, in diaphragm, 
453 

vertebral, 161 
Vesalii, 200, 264 
of Winslow, 136, 1091 
zygomaticofacial, 233, 248 
zygomaticotemporal, 233,246 
Foramina, ethmoidal, 250, 252 
intervertebral, 161 
palatine, lesser, 243 
in roof of fourth ventricle, 783 
sacral, anterior, 171 
posterior, 172 
of Scarpa* 228, 243 
of Stensen, 228, 243 
venarum minimarum, 656, 
560 

zygomatiro-orbital, 234 
Forceps, anterior, 816 
posterior, 815 
Foreaim, muscles of, 491 
veins of, 687, 690 
Forebiam, 53, 93, 793 
Foregut, 56, 128 
For^ldn, 1174 

Form of embryo at different 
stagey 156 

Foimatio reticularis of medulla 
oblongata, 771 
of medulla spinalis, 749 
Formation of mesoderm, 50 
of embryo, 66 
Formative yolk, 41 
Fomices of v^na, 1190 
Fornix of brain, 823 
body of, 824 
columns of, 824 
crura of, 825 
development of, 08 
ventricle of, 824 
Fornix inferior, of conjunctiva, 
976 

superior, 976 
Fossa* acetabular, 303 
anterior, of akull, 261^ 
oncal, 1097 
' 000^10,224 
eochlearis, 993 
condyloid, 196 
ootonoid, 277 
cubital, 617 ; 

le, of mahdibkb 235 


ftieni^ralhouekl>205 
digitaL^ U65 
ior duetUB venoBus^ .11^ > 
duod^mai; ^lerior^ 10^.. ^ 
Ai|HEtiot^ 1097: ' ; ; \ 



Fdteft, duodenojejunal, mt 
fonors^ ,654 
for gall*l>Mder, 1134 
elenoid,203 
. hyaJDid.964 
bypophyseos* 107, 253 
ileocflBcal, inferior, 1007 
aupetior, 1007 
ilsao, 290 
incisive, 224, 235 
incudis, 987 

for inferiSr vena cava, 1135 
infraclavxcular, 483 
infraspinatons, 267 
' infratemporal, 246 
intercondyloid, of femur, 314 
of tibia, 320 
interpeduncular, 803 
intersigmoid, 1098 
ischiorectal, 472 
jugular, 208, 209 
lacrimal, 215, 227 
mandibular, 203, 243, 246 
middle, of skull, 252 
navicularis of urethra, 1162 
of vestibule, 1192 
occipital, inferior, 255 
olecranon, 277 
ovalis of heart, 557 
of fascia lata, 516 
ovarian, 1090, 1 178 
pararectal, 1089 
paravesical, 1089, 1154 
popliteal, 660 
posterior, of skull, 254 
pterygoid, 201 
pterygopalatine, 247 
radial, 277 
I'etroeaocal, 1098 
rhomboid, 785 
of Rosenmuller, 79, 1077 
scaphoid, 201, 243 
of ^ull, anterior, 252 
middle, 252 
posterior, 254 
sphenomaxillary, 247 
Bubarcuata, 207 
subscapular, 266 
supraspinatous, 267 
supratonsillar, 1072 
Sylvian, 90 
temporal, 245 
triangularis, 079 
trochanteric, 311 
for umbilical vein, 1134 
vermian, 194 
Fossse, oeecal, 1097 
duodenfld, 1097 i 

intercondyloid, of tibia, 320 | 
of liver, 1134 | 

peritoneal, 1097 
applied anatomy of, 1098 | 
sagittal, of Hver, 1134 I 
of skull, 252 I 

Fountain decussation of Mey*^ 
nert, 792 
Fourcl^tte, 1192 
Fduitfi meta^aipal bone, 295 
bene, 337 
v^ntx^ 783 
Foyen caidtis 310 

eeatwe lethue, 961 
• : atcbotate of,'964 
deo^a, 164 
ibmmnd*. 1125 

jnlert<»» of rbombuid ilissa^ 

; tsO : 

ingnSua), latejntb U25 
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Fovea, inguinal, InediaU 1125 
pteiy|oid, 237 

supenor, of rhomboid fossa, 
786 

suptavesioal, 1125 
troohlearis, 215, 249 
Foveola, Howship’s, 23 
Fraetuie, ^greenstlok,* 273 
Fracture-dbloeation of verte- 
bral column, 181 
Fracture or £mctures of — 
acromion, 510 
bones of foot, 340 
of forearm, 280, 611, 512 
of hand, 298 
of leg, 324 
carpal bones, 298 
clavicle, 273, 510 
Colies, 287 
femur, 317, 542 
hbula, 324, 544 
humerus, 278, 510 
mandible, 265 ‘ 
maxilla, 205 

metatarsal bones and pha- 
langes, 340 
nasal Done, 265 
olecranon, 286, 511 
patella, 325, 544 
pelvis, 308 
Pott, 544 
radius, 287, 511 
ribs, 191 
scapula, 271 
skull, 263 
sternum, 191 
tarsal bones, 340 
tibia, 324, 544 
ulna, 286, 512 
zymmatio arch, 265 
bone, 265 

Free nerve-ending^ 1005 
Freely movable joints, 344 
l<Vemitus, vocal, liH5 
Frcnula of colic valve, 1116 
of lips, 1046 

Frenulum of clitoris, 1192 
of labia minora-, 1102 
linguae, 1064 
of prepuce, 1174 
veli, 780, 792 
Frommann’s lines, 39 
Frontal air sinuses, 216, 949, 
1216 

arteries, 586, 589 
bone, 213 
nasal part of, 214 
orbital part of, 215 
ossification of, 216 
squama of, 213 
structure of, 216 
cres^ 216 

eminence, 213, 241, 248 
fonticulus, 212, 258 
foramen, 214 
gyrif 608 
fobe,803 
nerve, 856 

notch or foramen, 214 
operoulum, 811 
process of maxilla, 227 
214 
moi, 908 
suture, 213, 248 
tabenraity,' 2i3« 241, 248 
vein; 672 

JEkontall^ 427 * 

F^nto-eihmoidfd antore. 8^^ 
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FtontomaxiHwy suture^ 250 
Frontonasal duct, 216 
pro<Je8S,^9 

Frontopontine fibres, 788 
Frontospheiioidal process of 
sygomatlo bone^ z34 
Funoubrm ligament of penis, 
458, 1174 

Fundus of stomach, 1 100 
glands of, IKH 
tympanl, 985 
of urinary bladder, 1154 
of uterus, 1184, 1185 
Funicular process, hernia into, 
1126 

Famenli of medulla spinalia-^ 
anterior, 754 ‘ 

lateral, 755 
posterior, 766 
Funiculus, nerve, 741 
separans, 786 
spermaticus, 1170 
Funnel-breast, 192 
Furcai nerve, 911 
Furcula, 130, 142 
Furrow, den^, 1060 
iliac, 1233 
naso-optio, 80, 100 
stomal, l!^7 

Furrowed band of cerobollum, 
778 

Fusiform gyrus, 810, 811 

Galaotocole, 1 194 
Galea aponeurotioa, 427 
Galen, veins of, 680 
GaU-bladdor, 1140 
appUed anatomy of, 1142 
fossa for, 1134 
lymphatic vessels of, 732 
structure of, 1141 
Ganglion or ganglia, 743 
aberrant, 885 
aorticorenal, 938 
cardiac, of Wrlsberg, 937 
carotid, 937 
cervical, inferior, 933 
iniddte, 932 
superior, 032 
ciliary, 856 
coccygeal, 935 
cosliac, 9^ 

compound palmar, 606 
of Corti, 1004 
Gasserian, 853 
genicular, 808, 869 
of glossopharyngeal, 875 
habenulm, 797 * 
impar, 035 

inferior mesenteric, 940 
intemedunonlar, 787, 790 
jugular of glossopharyngeal, 
876 

of vagus, 878 
X<aogWs, 1053 
858 

nodosum of vagus, 878 ' 
otic, 862 
petrous, $75 
phrenic, 894, 938 
of Sosipa, 1004 
semilunar, of abdomen, 938 
of irlgmnSdal nerve, 853 
jqihenopalaiUne, 858 
roinal, 885 

splrale of ooehlea, 8^,- 1004 . 
Mahofanicum, 934 
sfe^te, 935 
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Ganglion or gai^lia (emL) 
etructnre of, 74B 
Bubmaxillary, 863 
superior of ^ossopharyngeal, 
876 

superior meeaiterio, 039 ‘ 
of sympatlietiQ nervous sys- 
tem, 928 
of vagus, 878 
vestibular, 872. IQKH 
of Wrisbeig, 9^ 
Ganglion-ridg^ 63, W 
Ganglionic arteries, antero- 
lateral, 600 
anteromedial, 690 
posterolateral, 608 
posteromedial, 601, 608 
arterial ^stem of brain, 
601 

layer of retina, 062 
Gftrtoer, duct of, 147, 1181 
Gasserian ganglion, 863 
Gastric arteries, short, 636 
artery, left, 633 
right, 634 
canal, 135, 1101 
glands, 1104 
uoapression, 1136^ 
lymph-glands, superior, 726 
inferior, 727 
nerves from vague, 881 
plexus, anterior, 881 
inferior, 039 
posterior, 881 
superior, 930 
veins, sliort, 705 
Gastric vein, right, 706 
Gastrocnemius muscle, 630 
Gastrocolic ligament, 1087 
Gastroduodenal artery, 634 
G astro-enterostomy, 1106 
Gastro-epiploic artery, left, 
635 

right, 634 
vein, left, 705 
right, 706 

Gastrolienal ligament, 1091, 
1201 

Gastropancreatic ligament, 

1093 

Gastroph*vmj ligament, 1100 
Gastrosplenic omentum, 1091 
Gastrostomy, 1105 
Oostrotomy, 1106 
Gelatinous nerve-fibres, 40 
Gemellus, inferior, 525 
superior, 525 

General sendeitiona, peripheral 
terminations of nerves of, 
1006 

Generative organs, develop- 
ment of, 145 

Genicular artery, highest, 660 
inferior, 663 
middle, 663 
superior, 662 

gan^ion of facial nerve, 868 
Geniculate body, lateral, 797 
medial 796 

fibres of internal capsulo, 822 
Geniculum of faciM nerve^ 
868 

Genioglossns muscle, 1067 
Geniohyoideua muscle, 441 
Genital branch of genStocrural 
nerve, 913 
Genital cord, 149 
corpuscles, 1006 


Genital ^ands, 149 
organs of female, 1178 
external, 1191 
of male, 1164 
ruke, 149 
Bwdlings, 164 
tubercle, 164 

Genitals, external, lymphatic 
vessels of, 730 

Genitofemoral or genitocrural 
nerv^ 913 

Gennari, band of, 830 
Genu of corpus oalloBum, 814 
of internal capsule, 821 
, Genu valgum, 4)8 
I Geriach, tube-tonsil of, 988 
Germ, common dental, 1060 
special dental, 10^ 
Germ-centres, 709 
Germinhl cells, 41 
spot, 41, 42 
vesicle, 41, 42 
Gestation, ectopic, 1183 
Giacomini, band of, 813 
Giant-cell^ 28 
of Betz, 830 

Gianuzzi, crescents of, 1053 
Gimbernat’s ligament, 460 
Giugivso, 1047 
Ginglymus, 344 
Qirdd^s, organ of, 1169 
Girdle, of inferior extremities, 
265 


pelvic, 265 
shoulder, 265 

of superior extremities, 265 
Glabella, 214, 261 
Gland or glands — 
accessory of mouth, 1053 
part of parotid, 1049 
accessory thyreoid, 1196 
anterior lingua], lO'^O 
areolar, 1103 
arytonoid, 1027 
of Bartholin, 163, 1192 
of Blandin, 1070 
of Bowman, 94S 
of Brunner, 1112 
bucca’. 1046 

bulbo-urethral, 153, 1178 
cardiac, llOi 
ceruminous, 983 
ciliary, 974 
of Cowper, 153, 1178 
dove?3pment of, 86 
ductleas, 1196 
duodenal, 1112 
fundus, 1104 
gastric, 1104 
genital, 149 

greater vestibular, 153, 1192 
intostina], 1112 
labial, 1046 
lacrimal, 976 
of larynx, 1027 
lenticular, of stomach, 1104 
ofLittr4, 1102 , 

manmue, 1192 
development ol 86 
Meibomian, 975 
molars 1046 
ofNuhn, 1070 
ossopha^al 1082 
oxyntic, 11C4 
parathj^id, 1198 
devcaopiueiit of, 131 



Gland or glands (canf,) 
prwutial, 1174 
pyloric, 1104 
salivary, 1049 
development of, 130 
sebaceous, 1014 
development of, 86 
spleen or lien, 1200 
sublingual 1052 
submaxillary, 1061 
sudoriferous, lO^i 
development of, 85 
suprarenal 1206 
development of, 101 
sweat, 1014 
development of, 85 
tarsal, 976 
thymus, 1198 
development of, 13 
thyreoid, 1195 
development of, 131 
oi tongue, 1070 
trachoma, 076 
urethral 1162 
uterine, 1189 

vestibular, greater, 153, 1102 
Glandulie Pacchioni, 844 
Glandular branches of externa] 
maxillary artery, 584 
of inferior th\TCoid arterv, 
610 

Glandular epithelium, 5 
Gians cliioridis, 1192 
penis, 1174 

Glaserian fissure, 204, 985 
Glaucoma, 968 
Glenohumeral ligaments, 360 
Glenoid cavity, 269 
fossa, 203 

ligament of shoulder, 370 
ligaments of Cruveilhicr, 387, 
420 

Glenoidal labrimi of hip-juint, 
396 

of shoulder- joint, 370 
Gliding movement, 345 
Glisson's capsule, 1094, 1138 
Globular processes, 80 
Globus* major of epididymis, 
1164 

minor, 1164 
pallidus, 820 
; Glomera caiotica, 1207 
structure of, 1207 
Glomeruli of kidney, 1 147 
of olfactory bulb, 834 
Glomus cocoygeum, 1207 
structure of, 1208 
Glosso-enigbttic folds, 1019, 
1064 * 

Glossopalatine arch, 1072 
Glossopalatinus, 1075 
Glossopharyngeal nerve, 875 
motor fibres, 875 
sensory fibres, 875 
Glottis respiratoria, 1024 ^ 
vocali^ 1024 
rima of, 1024 
Glutceal arteries, 649, 660 
appUed anatomy of, 661 
lines of ilium, 298, 299 
muscles, 622 
nervee^ 920 
tuberority, 312 
vein^ 700 

Gluteus maximus muscle, 622 
medius muselo, 622 ^ 
minimus musole^ 622 



Gnathic index, 261 
Goblet or c^Uoe cells, 5 
Goitre, 1197 
Golgi, cells of; 36 
of, 1007 

Golgi and Mazzoni, corpuscles 
of, 1007 

Goll, tract of, 756 
Gomphosis, 343 
Gonion, 261 
Gout, 420 

Gowers, traolf of, 756 
Graafian foUiolCM, 1180 
Gracile nucleus, 764 
Gracilis muscle, 510 
Grandly, tactile corpuscles of, 
1006 

Granular layer of Tomes, 1059 
lids, 966 

• Granulations, araohnoideal, 844 
Granule-cells, 9 
Granules, basiphil, 29 
ofNissl, 36 

Great auricular nerve, 892 
cardiac vein, 672 
cerebral vein, 680 
saphenous vein, 695 
scapular notch, 268 
wings of sphenoid, 190 
Greater cavernous nerve, 940 
cornua of hyoid bone, 240 
curvature ot stomach, 1099 
multangular bone, 292 
ossification of, 296 
occipital nerve, 888 
omentum, 1094 
palatine foramen, 243 
pelvis, 305 

sao of peritoneum, 1086 
sciatic foramen, 390 
notch, 301 

superficial petrosal nerve, 
588, 869 
trochanter, 311 
tubercle of humerus, 274 
vestibular glands, 163, 1192 
Greenstick fracture, 273 
Grey commissures of medulla 
spinalis, 750 

Grey ner^e-substance, 34 
Grev substance of cerebellum, 
781 

of cerebral hemispheres, 
829 

of medulla oblongata, 768 
of medulla 4ipinalis, 748 
Grey or gelatinous nerve- fibres, 
40 

Groove, anriculoventricular, 
553 

bicipital, 274 
costal, 187 
infroorbita], 225 
interatrial, 553 
lacrimal, 

laryngotracheal, 142 
musoulotpiral, 276 
mylohyoid, 2^ 
naacfpibigllae, 222 
natural, 53 
obturator, 303 
occipital, 205 
optic, 197 
primary labial, 129 
primitive, 50 
saccaL 172 

seconda^ labial, 129 
vertebral, 180 
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Grooves, branchial or outer 
pharyngeal, 77 
rhombic, 92 

Gnbemaoolnm dentia, 1063 
testis, 151 

Gudden, oommissuie of, 802, 
850 

Gullet, 1081 
Gum-boil, 1064 
Gums, 1047 

applied anatomy of, 1047 
spongy, 1047 
Gustatory oalyculi, 942 
cells, 943 
hair, 942 
pore, 942 

Gut, post-an^ 139 
Gyrus or gyri— 
angular, 809 
anterior central, 808 
of Broca, 808 
cingulate, 811 
coneus, ^9 
dentate, 813, 833 
frontal, 808 
fusiform, 811 
hippocampal, 812 
of insula, 811 
of limbic lobe, 811 
lingual, 809 
marginal, 808 
occipital. 809 
orbital, 808. 
posterior central, 809 
priecuneas, 800 
quadrate, 809 
rectus, BOB 
subcallofia], 813 
superior parietal lobule, 
809 

Bupracallosal, 813 
supramarginal, 809 
temporal, 810 | 

transverse temporal of 
Heschl, 810 
uncus, 812 

Habenular commissure, 797 
Ha)matoma auris, 983 
Hesmoblaats, 27 
Hsemorrha^e, postpartum, 68 
Haemorrhoidal artery, inferior, 
647 

middle, 646 
superior, 638 
nerve, inferior, 926 
plexus of nerves, 940 
vein, middle, 700 
superior, 705 
venous plexus, 700 
applied anatomy of, 700 
Hair-bulb, 1012, 1014 
Hair-ooUa of spiral organ of 
Oorti, 1002 
Hairfollicle, 1012 
dermic coat, 1013 
epidermic coat, 1013 
Hairs, 1012 
development of, 85 
gnstatory, 94S 
olfactory, 948 
' stmetuz^ of, 1012 
HaUbr, vas aberrans ot, 1169 
Hallux rigidus, 420 
valgus, 420 
^Samate bdne^ 293 
osaihcatlffltb uf , 99^ 

Bammer toe^ 4^ 
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Hamstring tendons, applied 
anatomy of, 527 
Hamulns of hamate bone, 294 
lacrimal, 221 
lamime spiralis, 996 
pterygoid, 201, 243 
Hand, musoles of, 500 
skeleton of, 290 
surface anatomy of, 1246 
1249 

veins of, 687, 690 
Hard palate, 1048 
Hare-lip, 264 
Harrison's sulous, 192 
Hasner, plica laorimaiis of, 978 
Hassall, conoentrio corpuscles 
of, 1200 

Haversian canals of bone, 19 
systems of bone, 19 
He^, Imph-glands of, 713 
lympnatio vessels of, 710 
muscles of, 426 
veins of, 672 

Head and neck, arteries of, 576 
Head-cap of spermatozobn, 44 
Hearing, organ of, 970 
Heart, 563 

actions of valves, 565 
applied anatomy of, 660 
atrioventricular node, 564 
bundle, 664 
cardiao cycle, 565 * 
component parts of, 553 
devmopment of, 111, 113 
ondocmium, 562 
fibres of the atria, 563 
of the ventricles, 563 
fibrous rings of, 562 
left atrium, 559 
ventricle, 500 
lymphatic vessels of, 738 
nerves of, 565 
OB cordis, 562 
right atrium, 555 
ventricle, 558 
rino-atriol node, 504 
size and weight, 553 
structure of, 562 
surface marking of, 1231 
trigoniim fibrosum, 562 
vessels of, 565 
ventricular septum, 661 
wounds of, 566 
Heart-block, 565 
Heidenhain, demilunes of, 1053 
Height index of skull, 261 
Helicine arteries, 1175 
Helicis major mussle, 981 
minor, 981 

Heliootrema, 995. 996 
Helix, 979 

Helweg, olivospinal fasciculus 
of, 756 

Hemiazygos vein, 693 
accessory, 693 

Hemispheres, cere^/ollar, 775 
cerebral, 804 
Henle, loop of, 1148 
Henle’s layer of hair follicle^ 
1013 

Hensen, canalis reunient of, 
097, 1000 
knot of, 50 
line of, 31 
stripe of, 1008 
supporting cells of, 1003 
HefRar, 1133 

Hepatic artery, 633, 1137, 1139 



Hepatic .^-1l%Eaiich(^j^ ol 
loervcv S 81 . C 

oytmdiHts, ^ 
duot, 1140 , ' / * 

flesEura x>f colon, 1117 
lympJb-gJanda, 727 
pleiLa^ 939 
veins, 703, 1138 
Hepatoduodenal liaament. 

1087, 1094 . -e ' 
He^^gastrfo jj^amient, 1087, 

Hepatorenal ligan^t. 1087, 
1137 

Herbst, corouscles of, 1007 
Hernia, 11^4 

. complete congenita], 1120 
femoral, 1126 

into, funicular process or 
incomplete congenital, 
1126 

inguinal, 1 125 
direct, 1126 
oblique, 1125 
of lung, 1044 
scrotal, 1125 
testis, 1168 

Heroiihilus, torcular of, 194 
Hesch), gyri of, 810 
Hesselbacti, interfoveolar Uga- 
inent of, 463 
triangle of, 1126, 1240 
Heterotypical mitosis, 3 
Hiatus, aortic, 453 
of facial canal, 207 
oeaophagea], 453 
sacralis, 172 
semilunaris, 257, 946 
Highmore, antrum 226, 950 
Hiium of inferior olivaiy nuc- 
leus, 769 
of kidney, 1142 
of lung, 1031) 
of spleen, 1200 
Hjiid-hrain, 53, 91, 701 
Hind-^t, 56, 128 
Hinge-joint, 344 
Hip-bone, 298 
ossifK'ation of, 304 
structure of, 304 
surface anatomy of, 1254, 
]25r 

Hip-disease, 398 
Hip- joint, 393 

ajjplied anatomy of, 398 \ 

movements of, 397 i 

muscles in relation with, 396 
Hippocampal commissure, 824 
Assure, 08, 812 
gyrus, 812 

Hippocampus, 98, 819 
structure of, 833 
Hie, atrioventricular^ bundle 
of, 34, 564 

globular processes of, 80 
Histology, 1 
Holoblastic ova,. 48 
Homotypical mitosis, 3 I 

Horizontal cells of retina, 963 
circumference of skull, 261 
part of palatine Ibone, 230 
splcus of cotebcUum, 776 
Holusemaid’s knee, 409 
Houston's valves of rectum, 
1120 . 

Howship’s foveola, 23 ' 
Huguier, canal of, 204^ 985> 992 
Human ovum, 41 ' 


‘ - ' ■ ■ .XNpSy, 

\'h\ : ' . ^ '■ 

HmeralarticulaHon, 369 . 
applied wbtomy of, 372 
buriSB in relation 37p 
mdvmnoiitaofVB?! 
vessels and nervea of, 371 
oircumdas artery, anterior, 
616 

posterior, 616 . 

’ ligament, transverse, 370 
Htunerus, 274 
applied anatomy of, 278 
ossification of, 278 
structure of, 278 
surface anatomy of, 1245 
Humour, aqueous, 964 
Huuter^s canal, 655 
Htischke, auditory teeth of, 1001 
foramen of, 209, 211 
Hudey’a layer of hair-follicle, 

Hyaline cartilage, 14 
coll. 28 

Hyaloid arteiy, 99 
canal, 99, 964 
fossa, 964 

membrane of eye, 966 
Hyaloplasm, 1 

Hydatid of Morgagni, 149, 
1165. 1182 

pedunculated, of epididymis, 
1166 

Hydrocele, 1168 
Hydrothorax, 1034 ’ 

Hymen, 1192 ^ 

Hyo-epiglottio ligament, 1019 
Hyoglossal membrane, 1070 
Ilyoglossus muscle, 1067 
Hyoid arch, 77 
arteries, 580, 582 
bone, 240 
body of, 240 
cornua of, 240, 241 
ossification of, 2-*l 
H othyreoid ligaments, 1020 i 
membrane, 1020 
Hyp i-terialbrcnclii, 1028, 104J 
Hypernephroma, 1151, A207 
Hypochondriac regionrj, 1084 
Hypoi hordal bar cr brace, 71 
HypoguoHo artery, 644 
applied aq^tomy of, 644 
branches of, 644 ’ 
changes in, at birth, 568 
in fcetiis, 566 
peculiarities of, 644 
lymph-glands, 725 
plexus, 940 
region, 1084 
vein, 699 

Hypcgtossal nerve, 882 

applied anatomy of, 884 
nucleus of, 768 
canal, 195 
membranet it)70 
Hypophysial arteries, ^96 
Hy^physis, 132, 800 

applied anatomy of. 801 
' devdopment of, 132 , 

. lobes of, 800 > 

•truetoie of, 800 « 

HypcJ^fwiias, lies 

Hypot Warn!, pm mamillarla, 
96 

pan optioa» 95 
HypothaWu^ 798 
corpora mamlUarixi, 799 , 
dr, pitfutory 

■■ '.PodyiW ' 


Hypothalamus (cent) 
^undibulum, 800 
optic chiasma^ 602 
subthalamic tegmentfd re<F 
gion, 798 

eoipua subthalamioum, 
799 

stratum dorsale, 799 
zona inoerta, 799 
tuber clnereum, 799 
Eypothenar eminence, 500 

t 

Ichthyoid blood-cells, 110 
Ileal arteries, 636 
lymph-glands, 728 
BeocsBcal fosste, 1097 
fold, 1098 

Ileocolic artery, 638 
lymph-glands, 728 
Ileum, 1108 > 

lymphatic, vessels of, 731 
Iliac arteries, common, 642 

applied anatomy of, 643 ' 
peculiarities uf, 643 
surface marking of, 1240 
external, 661 
applied anatomy of, 651 
aunace marking of, 1240 
internal, 644 
appli^ anatomy of, 644 
branches of, 644 
peculiarities of, 644 
circumflex artery, deep, 652 
superficial, 657 
vein, deep, 699 
internal, 699 
superficial, 696 
colon, 11 19* 
fascia, 513 
fossa, 299 
furrow, 1233 

lymph-glands, circumflex, 

726 

common, 725 
external, 725 
region, 1084 
spines, 301 
tuberosity, 300 
vein, common, 701 
peculiarities of, 701 
external, 698 
internal, 699 
Iliacua mnsolo, 514 
fascia covering, 513 
lliqcmcal fosuwL 1097 
fold, 1098 

Hiococoygeus muscle, 470 
Hioisostalis cervicis, 447 
dorsi, 447 
lumborum, 447 
Hiolemoral ligament, 395 
lUohypogastno nerve, 912 
llio-iniguinal nerve^ 913 
Hiolumbar artery, 649 
ligament, 389 
Hiopec^al emi^ce, 

303 ? 

, fascia, 513 
Hiopsoaa SW* J 

niotrc^mitdHMS Qgament^ $i9S 

Ilium, 298 

. al4ofc298 \ 
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IUam» erpines of, 301 
liamoVable iMrUciih^joiuiy 343 
ImpliuatfttioiL or ii&beddi^ of 
Imlisediovtuii, 63 
ImpreiMdon, cardiac, on liver, 
1186 

on lung, 1030 
' coUo, 1136 
duodenal, H37 
gastric, 1137 
Qsaophageal, 1136 
renal, 1136 * 
rhomboid, 273 
suprarenal, 1136 
trigeminal, 207 
Incisive bone, 229 
canals, 228, 236 
foramen, 228, 243 
* fossa, 224, 236 
teeth, 1055 

Inoisivus labialis inferioris, 432 
. superioris, 432 
Incisor crest, 229 
Incisors, 1055 
Incisura angularis, 1099 
apicis cordis, 563 
cardiaca, 1008 
cthmoidalis, 216 
fastigii, 93 
temporalis, 812 
tentorii, 841 
umbilical is, 1134 
Incus, 089 
body, 989 
crura, 989 

development of, 108 
lenticular process, 989 
ligaments of, 990 
Index, cephalic or breadth, 261 
dental, 262 

gnathic or alveolar, 261 
nasal, 261 
orbital, 201 
vertical or height, 261 
Indirect division of cells, 2 
Indusium griseum, 813 
Infantile hydrocele, 1168 
paralysis, 25, 760 
Inferior transverse ligament of 
scapula, 369 

Infraclaviciilar branches of 
brachial plexus, 897 
fossa, 483 

Infraglenoid tuberosity, 268 
Infrahyoid lymph-glands, 715 
muscles, 439 
Infraorbital artery, 690 
canal, 225 
foramen, 224 
groove, 225 
lymph-glands, 714 
nerve, 856* 

plexus of nerves, 858, 871 
Infrapatellar pad of fai 401 
Infraseapolar artery, 616 

Inlraspinatout 

^ apheocildfi hrae» 200 

wire, 856 

46^ 

. 1171: t 

thfundhbdhlp^v^ ligaihent;^; 


Infundibulum of brain, SOO 
of cthmokbl bone, 210, 257, 
946 

of uterine tube, 1182 
Infui^, intravenous, 689 
Ii^ainal. aponeurotic falx, 463 
canal, 465 
crest, 151 
fold, 151 

fovea, lateral, 1125 
media], 1125 
lymph-glands, 722 
applied anatomy of, 723 
herma, 1125, 1126 
ligament, 469 
reflected, 460 
regions, 1084 
ring, abdominal, 465 
subcutaneous, 458 
Inion, 261 
Inlet of pelvis, 305 
Inner coli-maas, 40 
Inner surface of skull-cap, 252 
Innominate artery, 575 

applied anatomy of, 675 
bone, 298 
ossification of, 304 
veins, 691 
peculiarities of, 691 
Inscriptions, tendinous, of 
rectus abdominis, 463 
Insertion of muscles, 424 
Insula, 81 1 
circ^ular sulcus of, 811 
g 3 a*i of, 811 
oporctila of, 811 
Integument, 1008 
Interalveolar cell-islets of 
pancreas, 1132 

Interarticuiar flbrooartilagcs, 
16 

ligament of head of rib, 359 
sternocostal ligaments, 362 
Interatrial groove, 553 
lutercapitiilar veins, 687, 695 
Intercarpal articulations, ;182 
movements of, 384 
luteroavernous sinuses, 685 
Interchondral articulations, 363 
ligaments, 303 

Interclaviculor ligament, 366 
Interclinoid ligament, 203 
Tntercoluiniiar fibres, 459 
Jntercondyloid eminence of 
tibia, 318 
line of femur, 314 
fossa of femur, 314 
fossas of tibia, 320 
Intercostfid arteries, from aorta, 
629 

from internal mammary, 
609 


artery, superior, Oil 
lymph-glands, 735 
membrajies, 450 
nerves, 908 
sp^es, 186 
veins, 693 

Intercostal vein, left superior, 
691 

^ right superior, 693 

Intl^ostoles exterol, 450 
intemi. 450 

Intetcostalis suprema artery, 
611 

Inte^stobtaofaiM lu^e, 910. 

InMCimlkl fasek^, 459, 1171 

459 


IntetoaneifoEm articulations, 

417 ^ , 
Interfoyeobur Ikament of 

Hesselbach, m 
Intoittlobtilar spaces, 1059 
Interior of oerel^ hemispheres, 

of skull, 252 

of Quinary bladder, 1158 . 
of uterus, 1185 

Interlobar fissures of cerebral 
hemispheres, 806 
Interlobular arteries of kidney, 
1150 ^ 

plexuses, 1139 

Intermediate cell-mass, 52, 55 
Intermetacarpal articulations, 
386 

Intermetatarsal articulations, 

418 

Internal acoustic meatus, 207. 
265 

capsule of brain, 831 
applied anatomy of, 834 
mammary artery, 609 
applied anatomy of, 610 
periosteum, 17 
secretions, 1195 
Intemodal segment, 39 
Interossoi muscles of foot, 540 
of hondf 508 ^ 

Interosseous arterv, common, 
625 

dorsal, 625 
recurrent, 625 
volar, 625 

membrane, antibraohial, 377 
crural, 400 

nerve, dorsal or posterior, 906 
volar or anterior, 901 
Interparietal bone, 197 
Interpeduncular fossa, 803 
ganglion, 790 

Interphalangeal articulations, 
387, 420 

Interpubic fibrocartilaginous' 
lamina, 301 

Intersegmental neurons, 751 
septa, 69 

Intersigmoid fossa, 1008 
Interspinal ligaments, 352 
Interspinalos muscles, 448 
Interstitial keratitis, 066 
lamelUe, 19 

Intortarsal articulations, 414 
Intertragic notch, 980 
Intertransvcrsarli muscles, 448 
Tntertransverse ligflftnc^ts, 352 
Intertificlianteric crest, 312 
line, 312 

Intertubercular plane, 1084 
sulcus, 274 

Int^enous tubercle, 557 
Interventricular foramen, 803, 
825 

Intervertebral flbcocattilages, 
350 

applied anatomy of, 331 
stmoturo 0 f> 350 
foramina, 161 
veins, 605 ; 

Intestinal jriands, 11 12 
lymphatic trunk, 711^ 726 
TiW,llU 

Intestine, development of, 12$ 
surihee markif|^ of, 1237 
Intestine, large. fU4 

aiipbedtmalomy pf, 1137 
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Intestine, lymphatdes of, IZI 
straotore of, 1122 
Tesse3$ and neries of, U23 
Intestine, smaU, 1105 

applied anatomy of, 1123 
lymphatics of, 731 
stractuie of, 1110 


Je|oiial arteries, 630 
Jemnum, 1108 
lymphatio vessels of, 731 
Jdly of Wharto^ 12, 62 
Joints. See ArticulationB. 


vessels and nerves of, 1113 1 
Intestinuin crassum, 1114 
teime, 1105 
duodmumr^OO 
ileumf 1108 
jejunum, 1108 
inesenteriale, 1108 
Intracartiladnotts ossification, 
22 

Intra-epithelial plexus of 
comeSy 955 

Intrafusal fasciculi, 1007 
fibres, 1007 

Intraiugiilar process, 196 
Intralobular veins, 703, 1139 
IntramembranouB ossification, 
21 

Intraparietal sulcus of Turner, 
800 

Intrapulmonary bronchi, 1042 
Intrathyreoid cactilage, 1017 
Intravenous infusion, 680 
Intrinsic muscles of tongue, 
1068. 

Involucrum., 25 
Involuntary muscle, 32 
lodothyrin, 1197 
Iridial angle, 953 
Iris, 958 

applied anatomy of, J67 
structure of, 958 
vessels and nerves of, 959 
Irregular bones, 161 
Irritation of cervical syin 
pathetic, 941 
Ischial spine, 301 
Ischiocapsiilar ligament, 305 
Ischiocavemosus muscle, in 
female, 476 
in male, 474 
Ischiorectal fossa, 472 

applied anatomy of, 472 
abso^s of, 472 
Tschiun., 3ul 
body of, 301 
ramus, inferior, 302 
superior, 301 
spine of, 301 
tuberosity of, 302 
Idand of Reil, 81 1 
Islands, blood, 109 
Islets, interalveolar, of pan* 
creas, 1132 

Isthmus, aortic, 121, 573 
of au(litory tube, 988 
of external acoustic meatus, 
982 

faucium, 1072 
of limbio lobe, 811 
rbombenoephali, 91, 761 
of thyreoid gland, 1105 
of uterine tube, 1 182 
of uterus, 1184 

' Itbr chordfs anterias, 985, 992 
posteritts, 985, 992 
Ivory or dentine, 1058 

Jacobson, nerve of, 876, 991 
vcmerouasal cartilage of, 222, 
947 

organs of, 82> 947 


Jugal point, 261 
Jugolu arch, venous, 675 
foramen, 244, 255 
fossa, 208, 209 
ganglion, of glossopharyngeal 
nerve, 875 
of vagus nerve, 878 
lymphatic trunks, 711, 712 
nerve, 932 
notch, 182, 196 
process, 196, 244 
surface, of temporal bone, 
208 

vein, anterior, 675 
externa], 675 
applied anatomy of, 675 
internal, 675 
applied anatomy of, 677 
bulbs of, 675, 676 
poBtorior external, 675 
Jugum, sphenoidale, 203 
Junctional tubule, 1148 

Karyokinesis, 2 
Karyomitome, 2 
Karyomitosis, 2 
Karyoplasm, 2 
Katapriase, 

Keratin, 7, 1010 
Keratitis, interstitial, 966 
Keratohyalin, 6, 1010 
Kerckring, osaific centre of, 197 
Kidneys, 1143 
applied anatomy of, 1 150 
blood-vessels of, 1149 
calyces of, 1145 
capsule of Bowmen, 1147 
jortical substance of. 1147 
development of, 152 
fi* ating, 1151 
general structure uf, 1147 
lomoruH, 114i 
o^'seshoe-shaped, 1161 
lym] hatic vessels of, 732 
Malpighian bodies of, 1147 
medullary substance of, 1147 
minute anatomy of, 1 147 
movable, 1151 
ne.ves of, 1150 
paianophrie body, 1 147 
relations of, 1 143 
renal artery, 040, 1149 
fascia, 1146 
pelvis, 1146 
pyramids, 1147 
sinus, 1145 
tubules, 1147 
surface marking of, 1240 
veins of, 703, 1150 
Klnmpke’s paralysis, 906 
Knee-joint, 399 
applied anatomy of, 408 
bursfls of, 405 
movements of, 406 
surface anatomy of, 1267, 
1260 

Knobs, basal, of Engelmann, 5 
Knbok-knee, 408 
Knot, Henstn^, 50 
Krause, end-bulbs of, 1005 
membrane of, 31 
Kupffor, stellate odds of, 1139 
Kyphosii^ 181 


Labb4, posterior anastoinotio 
vein otf 679 
Labia cerebri, 814 
majora, 1191 
minora, 1191 

firenulum or fourchette of, 
1192 
oris, 1046 

Labial artery, inferior, 584 
superior, 584 
oommissures, 1191 
glan<k, 1046 * 
groove, nrimkry, 129 
seconaary, 129 
nerves, inf^ior, 926 
Bcmerior, 858 
Labiodental lamina, 1060 
Labrum, glenoidal, of shoulder- 
joint, 370 
of hip- joint, 396 
Labyrinth, membranous, 996 
osseous, 993 
development of, 106 
vessels of, 1004 
of ethmoidal bone, 218 
Lacertus fibrosus, 489 
Laciniate Hgament, 635 
Ijocrimal apparatus, 976 
applied anatomy of, 970 
development of, 106 
artery, 597 
bone, 220 
lesser, 221 
ossification of, 221 
caruncule, 976 
crest, anterior, 227 
posterior, 220 
ducts or canals, 977 
ampulla of, 977 
fossa, 215, 227 
gland, 970 
structure of, 976 
groove, 221 
hamulus, 221 
nerve, 855 
notch, 225 
papilla, 977 

process of inferior nasal 
concha, 220 
puncta, 977 
sac, 977 

structure of, 978 
tubercle, 228 
Lacteals, 707, 731, 111] 
Ijoctiferous ducts, 1193 
Lacuna ma^ of urethra, 1 162 
Lacuna of bone, 19, 20 
of urethra, 1162 
venous of dura mater, 680 
Lacunar ligament, 460 
Laous lacrimalis, 974, 976 
Lagana, 999 
Lambda, 212, 261 
Lambdoidal suture, 195, 212, 
241, 248 

Lamella, articular, of hope, 342 
Lamella of bone, 19' 
circumferential, 19 
iuieratitial, 19 
primary, 19 
seoondary, 19 
Lamellar cells, 9 
Lamina affixa, 823 
alar or dorsal, 87 
anterior elastic, of cornea. 
954 

basal or ventral, 87 
baaalis, 957 



lamina duxTiocapillaria, 066 
i cribroaa, of etmnoidal toeu 
^ 217 

cribrosa sclersd, 952 
of cricoid cartilage, 1018 
dental, 1060 
, dorsal or alar, 87 
interpiibic fibrocartilaginous, 
391 


labiodental, 1060 
lingual, 1060 

osseousspiral, of cochlea, 995 
papyracea, of ethmoidal 
bone, 218 

perpendicularis, of ethmoidal 
bone, 218 

posterior elastic, of cornea, 
954; 

* reticular, 1003 
secondary spiral, 996 
suprachorioidea, 952, 055 
tenninaJis, 94, 800, 802 
vasculosa, 956 
ventral or basal, 87 
Laminffi, nasal, 80 
of cerebral cortex, 829 
of lentiform nucleus, $20 
medullary, of thalamus, 795 
of thyreoid cartilage, 1017 
of vertcbrie, 162 
Laminectomy, 182 
Laughans, layer of, 50, 05 
Langloy's ganglion, 1053 
Lantermann, segments of, 39 
Large intestine, IIM 
caecura, 1114 
appendix or vermiform 
process of, 11X6 
colic valve, 1115 
colon, 1117 
ascending, 1117 
descending, 1118 
iliac, 1119* 

sigmoid or pelvic, 1119 
transverse, 1118 
rectum, 1120 

anal canal, or pars analis 
recti, 1121 

Laryngeal artery, inferior, 610 
superior, 581 
nerve, recurrent, 880 
superior, 879 
external branch, 880 
internal branch, 880 
part of pharynx, 1077 
prominence, 1017 
saccule, 1023 

Laryngopharyngeal nerves, 932 
Laryngotomy, 1030 
Laryngotraehoal groove, 142 
tube, 142 
Larynx, 1016 
actions of muscles of, 1026 
applied anatomy of, 1030 
cartilages of, 1016 
conus elaatious of. 1021 
development of, 142 
elastic membrane of, 1020 
entrance tf>, 1023 
gbmds of, 1027 
interior of, 1022 
Ugsmente of, 1019 
Ivmplialic yessela of, 718, 
‘ 1®7 

mucous, memlnrane of, 1027 
muscles of, 1025 
rima j^ttidis of, 1024 
surface merkiog of, 1212 r 


INDEX 

Larynx, ventricle of, 1023 
Tontrioular folds of, 1023 
vessels and nerves of, 1027 
vestibule of, 1022 
vocal folds of, 1023 
Lateral curvature of vertebral 
column, 179, 181 
parts of occipital bone, 195 
mass of ethmoidal bone, 218 
mesoderm, 52 
segmental arteries, 121 
sinuses, 681 
ventricles, 815 
Latissimus dorsi muscle, 478 
Lawn-tennis arm, 492 
leg. 535 

Layer, ependymal, 86 
of Langhans, 50, 65 
granular, of Tomes, 1059 
limiting or boundary of 
decidua, 64 
mantle, 86 
marginal, 86 
of rods and cones, 063 
scleratogenons, 69 
Ijcad poisoning, 1048 
Left atrioventricular orifice, 
561 

Left vena oava, ligament of, 552 
Leg, fascia of, 528 

deep transverse, 528 
muscles of, 528 

Lemniscus or fillet, 767, 771,790 
decussation of, 767 
lateral, 790 
medial, 791 
I Length of face, 261 
of skull, 261 ' 

Lens, crystalline, 065 
applied anatomy of, 968 
axis of, 965 
capsule of, 965 
changes produced in, by age, 
966 

development of, 102 
equator of, 965 
poles of, 965 
structure of, 965 
suspensory ligament of, 065 
vascular capsule of, 104 
vesicle, 102 
Lenticular nucleus, 819 
glands of stomach, 1104 
process of incus, 989 
Lentiform nucleus, 819 
Lesser cavernous nerve, 940 
cornua of hyoid bone, 241 
curvature of stomach, 1099 
internal cutaneous nerve, 
901 

lacrimal bone, 221 
I multangular bone, 292 
omentum, 1094 
pelvis, 305 

sac, or omenta] bursa, of 
peritoneum, 1088, 1091 
boundaries of, 1091 
sciatic foramen, 390 
notch, 301 
trochanter, 312 
tubmlo of humerus, 274 
Leucocytes, 28 . 

. Levator anmili oris muscle, 430 
ii2i!,4G9 

gUmdulm thyrooides^, U96 
' mwti, 430 
paMi, 1074 

palpebrse snperioH^ 968 


mi 

Levator prostataa, 470 
soaputo, 480 ' 
veil paktiiii, 1074 
Levatores coatarum, 451 
prostatas, 470, 1176 
LicberkUhn, crypts of, 1112 
Lien, 1200 
lienal artery, 635 

applied anatomy of, 635 
plexus of nerves, 930 
recess, 1092 
vein, 705 

Lienorenal ligament, 1091 
Ligament or Ligaments — 
accessory volar, 387 
acromioclavicular, 367 
alar, 358 
of ankle, 411 
annular, of ankle, 535 
of proximal radio-ulna 
joint, 376 

of wrist, anterior, 600 
posterfor, 503 

anterior, of head of fibula, 
409 

of lateral maUeolus, 410 
anterior longitudinal, 349 
antibrachial interosseous 
membrane. 379 
arcuate, of diaphragm, 452 
popliteal. 402 * 

retinaculum of. 402 
pubic, 300 

articular disc, of stemo- 
clavioular joint, 366 
of acromioclavicular joint, 
367 

of distal radio-uhiar joint, 
378 

atlanto-occipital membrane, 
anterior, 357 
posterior, 357 
of auditory ossicles, 990 
of auricula or pinna, 981 
bifurcated, 416 
calcaneocuboid part of, 
416 

calcaneonavicular part of, 
416 

broad, of uterus, 1087, 1186 
calcaneocuboid, dorsal, 415 

J dantar, 416 
caneofibular, 412 
calcaneotibial, 412 
ealcanoonavicular, plantar, 
416 

caroticoclinuid, 203 
csj^metacarpal. dorsal, 385 
interosseous, 385 
volar, 385 
of carpus, 382, 383 
central, of m^uUa spinalis, 
846 

check, 35$ 
of eye, 972 

oollatml of carpus, 383 
of elbow- joint, 374, 376, 
of inter-phalangeal joints 
of hand, 387 
offooi^420 
of knee-joint, 402, 403 
of .motaeaipopbalmigeal 
joints, 387 

of meteUwrsophalangeal 
Joints, 420 
of wrist-joint, 381 
ooxund, 368 
of Cooper, 460 f 





Ugjmbnt tup ligflidaliekiUt 
^ , OOT«iCoab»]imial» ^8 ^ 

: ooraooclftviculflv^ 867 > 
eotaeoh«a?aeraV 370 . , 
coKoi^, of kneo, 4^ . 

of Uver, lOai^r 1087^ 1137 
coaitoclavicular^ 366 . 
costQcoracoidy 433 
costottanfiVer96/360 
€Ostovph6id» 3^ 
oot^loid^ 3C^ 
orico-aMsenoidf ' posterior. 
1021 

oricotracheal, 1020 
ciicothyieold^ middle* 1021 
cruciate* of atlas* 355 
. crural, 535 
of knee, 403 

. cuboideonarioular, 417 
cuneoouboid, 417 
ouneonavicuiar, 417 
deep, of tarauB, 416 
deltoid, 411 
denticulate, 346 
digital vaginal, 493 
dorsal carpal, 503 
radiocarpal, 381 
of elbow, 373 
radial collateral, 376 
ulnar collateral, 374 
of ^ididymis, 1165 
falciform, of liver, 1086 
fibrocortilaginotm disc of 
sacrococcygeal symphysis, 
352 

dbular collateral, of knee- 
joint, 403 
short, 402 

fundiform, of penis, 458, 
1174 

gastrocolic, 1087 
gastrolienal, 1091, 1201 
gastropancroatic, 1093 
gastrophrenic, 1100 
Gimbemat’s, 460 
glenohumeral, 369 
glenoid, of Oraveilhier, 387, 
420 

of sboulilcr-joint, 370 
glenoid al labrum, of uip- 
j6iat, 396 

of slioulder- joint, 370 
hopotoduoilenal, 1087, 1004 
1137 

h(^atogastno, 1087, 1004, 

hepatorenal, 1087, 1137 
of He^lbach, 463 
of hip-joiiit, 393 
hyo-epiglottio, 1019 
hyothyreoid, 1020 
iliofemoral, 395 
iliolumbar, 380 
iliotrochanteric, 395 
of incus, 990 

infbrior transverse, of ankle- 
joint, 410 
of soapula, 309 
intermetaeaipal, 386 
infUndibuIopelvie, 1186 
> inguinal, 400 
leflected, 460 
interarticular, of ribs, 359 
atemoeostal, 362 
in^rcarpal, 3&, 383 
intivehondml, 303 
inteceiaTicblar^ 1lfi% 

, int^HnpId^ 


:ent or Ligeunenta (oaiti.) 
v^etform, 417 
ioterfoveolar, 463 
intemetataml; 418 
ihteffplidLa]]^^, 387, 420 
interpablo ibrocartilaginoos 
lamina, 391 
interspinal, 352 
Intertaisal, 414 
intertransverse, 352 
intervertebral fibrooarti- 
lages, 360 
ischiooapsolar, 395 
of knee-joint, 400 
laciniate, 5^ 
lacunar, 460 
of laiyns, 1019 
lateral, of uterus, 1087, 1180 
left triangular, of liver, 1137 
ofleftvenacava, 120,552,672 
lienorenal, 1091 
of liver, 1137 
long plantar, 416 
of Mackenrodt, 1187 
of malleus, 990 
lumbocostal, 360 
medial palpebral, 429 
metnbrana tectoria, 358 
sterni, 301 

menisci of knee-joint, 404 
metacarpophalangeal, 386 
accessory volar, 387 
collateral, 387 
motatarsophalangeal, 420 
aooessory plan&r, 420 
collateral, 420 
middle cricotbyreoid, 1021 
middle umbilical, 1167 
muooBum, of knee, 401 
of neck of rib, 360 
nuch», 352 
oblique cord, 377 
popliteal, 402 
occipito-axial, 358 
orbicular, 370 
of ovary, 1179 
pectinate, ot iris, 955 
phrenicocoiic. 1096, 1118 
ph vqicolienal, 1091, 1201 
ph^ico^cardiac, right, 

of pinna or auricula, 981 
pisohamato, 382 
piSometacarpal, 382 
pl^mtar, long, 416 
posterior crico-arvtaenoid, 
1021 

of head of fibula, 409 
of knee, 402 
of lateral malleolus, 410 
longitudinal, 340 
Poupart’s, 459 
pterygosi tnous, 203, 435 
pubic, arcuate, 390 
superior, 300 
puboeapsular, 395 
pulmonary, 1033 
quadrate, 376 

radial ooUatera/, ;'>f elbow- 
jOint,37e- 
of wrist-joint, 382 
radiate, 359 
sternocostal, 361 
radiocarpal, 3^ 
of radio^ulnar joints, 376, 
ledppted inguinal, 4^ 

of idp^joink 3 m, 
of pa4^)% 400 


IJgament or Ligam^ta (eorU,) 
retinaculum, of amnate pop* 
liteal ligament; 402 
rhomboid, 366 
i^t triangular, of liver, 1137 
round, of hver, 1137 
of uterus, 1186 
saoTooocoygeal, 352 , 
saero-iliac, anterior, 388 
interosseous, 389 
posterior, 3^ 
long, 388 
short* 388 

sacrosoiatic, great, 389 
smaU, 390 
saorospinous, 390 
saorotuberous, 389 
falciform process of, 380 
of scapula, 368 * 

semilunar hbro^cartiJages of 
knee-jointv 404 
of shoulder-ioint, 369 
sphenomandibular, 347 
Bpinoglenoid, 360 
spring, 417 
stellate, 359 
sternoclavicular, 366 
stemopericardiac', 551 
structure of, 342 
stylohyoid, 441 
stylomandibular, 347, 435 
snbpubic, 390 
superior transverse, of 
scapula, 368 
suprascapular, 368 
supraspinal, 352 
suspensory, of axilla, 481 
of eyo, 972 
of lens, 065 
of mamma, 481 
of ovapr, 1179 
of penis, 1174 
sutural, 342 

talo^:alcanGa], anterior, 414 
interosseous, 414 
lateral, 414 
medial, 414 

J posterior, 414 
onaviciilar, 415 
talofibular, anterior, 412 

J posterior, 41 2 

otibial, anterior, 412 
posterior, 412 
tarsometatarsal, 418 
of tarsus, 414 
temporomandibular, 347 
teres, of hip-joint, 395 
of liver, 669, 705, 1086, 
1137 

thyreo-epiglottic, 1018, 1022 
tibial collateral, t>f knee- 
joint, 402 

tibiofibular, 400, 410 
tibionavioular, 412 
transversale coUi uteri, 1187 
transverse acetabiil^, 396 
of atlas, 356 .. 
crus inferius, 355 
supmus, 355 
carpal, 500 
Crural, 536 
humeral, 370 
inferiqi?, 410 , 
of soapula, 369 , . 

. of knee, 4^ 
transverse metac^up^, 380 
metatarsal 419 
.vmperior, of soipttlki 368. 



v^tfgament or TJgaiKi6»tii (eont) 
i trapezoid, 307 
? triangular, of liver, 1087 
of urethra, 476, 470 
^ of tubercle Of rib, 360 
''i ulnar ooUateral, of elbow- 
) * joint, 370 

of wrlat- joint, 381 
umbilical, lateral, 644 
middle, 1167 
of urinarj bHUider, 1167 
uteroaacral/llOO 
of uterus, 1186 
ventricular, of larynx, 1023 
of vertebral arohes, 36 i 
bodies, 348 
vocal, 1023 
* volar carpal, 600 

of white 'fibrous tissue, 342 
of Wrisberg, 404 
of wrist-joint, 381 
Y-shapod, of Bigelow, 396, 
398 

of yellow elastic tissue, 342 
of Zinn, 970 

zona orbicularis of hip- joint, 
394 

Ligamenta 6ava, 351 
suspensoria of mamma, 481 
Ligamentous action of muscles, 
346 

applied anatomy of, 346 
Ligamentum annulare baseos 
stapedis, 990 
^picis dentis, 358 
arteriosum, 668 
cari)i radiatum, 383 
conjugole, 359 
cruciatum atlautis, 366 
denticulatum, 846 
mucosum, 401 
iiuchse, 352 
patellae^, 402 
teres fomoris, 395 ^ 
hepatis, 669, 70^ 1086, 
1137 ^ 

transversalc coUi uteri, 1187 
venosum, 669, 706, 1137 
Ligature of abdominal aorta, 
032 

axillary artery, 614 
brachial artery, 618 
carotid artery, common, 
578 

external, 679 
internal, 696 
dorsalis p^is artery, 666 
femoral artery, 656 
glutaeal arteries, 661 
hypogastric art^, 644 
iliac artery, common, 643 
external, 651 
internal, 644 
innominate artery, 676 
jugular vein, Intonial, 677 
Hngual artecy, 682 
popliteal 661 

ni^alhrtefy,e22 
BubolaviCix lairtety, 604 
tiblal artery,^ ant^OK^ 665 , . 
poeteriQr»667 

L&bic lobe, 811 

of, ^ 

Ximbii8la^Qiraii0^6^^ , 


t 


Ilrt>ESX , 

lioiitin^^ bounty layer of ' 

membrane* of retina, 963,^ 
964 1 

Line or Lines— . 

arcuate, of ilium, 208 ' 

contour, of Owen, 1059 ! 

curved, of ilium, 298, 290 
Dobio's, 31 
fVommann's, 39 
gluteeal, of ilium, 208, 290 
of Henaoi, 31 
intercondyloid, 314 
intertrochanteric, 312 
mylohyoid, 235 
N41aton*a, 1260 
nuchal, highest, 193 
inferior, 193 
median, 193 
superior, 193 
oblique, of fibula, 323 
of mandible, 235 
of radius, 282 
of thyreoid cartilage, 1017 
pectineal, 312 
perpendicukr, of idna, 285 
popliteal, of tibia, 320 
of Schreger, 1059 
temporal, 203, 211, 214 
white, of pelvic fascia, 468 . 
Linca alba, 464 
aspera, 312 
nuchsB siiprema, 193 
quadrata, 312 
scmicircularis, 464 
splendcns, 846 
tenninalis, 305 
linear semilunares, 466 
Lingua, 1064 I 

Lineal artery, 681 I 

applied anatomy of, 682 j 
branches of glossopharyn- 
geal nerve, 876 
gyrus, 809 
lamina, 1060 
lymph-glands, 714 
nerve, 802 
tonsil, 1066, 1072 
veins, 677 

Linguiform lobe of liver, 1142 
IJngula of oerebeilum, 776 
mandibular, 236 
of sphenoid, 198 
Llnin, 2 

Lip, rhombic, 92 
tympanic, 1001 
vestibular, 1001 
Lips, 1046 
Liquor amnii, 62 
foUiculi, 1181 
sanguinis, 26 

lissauer, fasciculus of, 766 
lattrg, urethral glands of, 1162 
Liver, 1133 

applied anatomy of, 1142 
bare area 1130 
bile diicts of, 1440 
cpmmon bile-duct, 1141 
<^stic duct^ 1141 
. dstreliQpinent of, 139 
meeretosy appajbtus of, 1140 
SoUti Of, 11% 

^-bladder, 1140 
atioMteiyv 1137 
luc,t,~it40. . 



Liver, lobules Ckf, 1139 
lymphntio vessels of, 731 
portal vein, 704, 1137 
stnicture of, 11^ 
snrfaco markings of, 1238 ^ 
surfaces of, 1136 # 
vessels and nerves of, 1137 
Lobes of cerebellum, 775 
of cerebral hemisphere, 807 
frontal, 808 
Insula, 81 1 
lixhbio, 81t 
occipital, 809 
olfaotoiy, 812 
parietal, 808 
prseouneus, 809 
quadrate, 809 
temporal, 810 
of liver, 1135 
caudate, 1135 
left, 1135 
quadrate, 1185 
Biedd’s, 1142 
right, 1135 
Spigelian, 1135 
of lungs, 1040 
of thymus, 1198 
of thyreoid gland, 1195 
Lobular bronchioles, 1042 
Tiobulo of auricula, 980 
paracentral, 808 • 

parietal, inferior, 800 
superior, 809 

Lobules of epididymis, 1 167 
of liver, 1139 
Lobuli testis, 1166 
Lobulus centralis, 776 
Lobus clivi, 777 
culminis, 777 
noduli, 778 
pyramidal is, 778 
wjinilunaris, 777 
tuberis, 778 
uvulso, 778 

Lockwo<^, superior tendon of, 
970 

Locomotor ataxy, 838 
Locus Cicruloiis, 767, 786 
Longbones, 160 
biMal nerves 860 
ciliary nerves, 855 
or internal saphenous nerve, 
916 

plantar ligament, 416 
root of ciliary ganglion, 855 
siibscapiilar n^o, 899 
thoracic artery, 615 
nerve, 897 * 

Longissimus capitis muscle, 447 
cervicis muscle, 447 
dorsi muscle, 447 
Longitudinal arc of skull, 261 
fasciculus, inferior, 820 
. medial or posterior, 771, 

I 791 
I superior, 828 

cekuhral fissure, 805 
l^ament, SAterior, 349 
posterior^ 349 
rinus, inferior, 681 
sU^rior, 6w 

ririis, latunil and .medisL 6l 3 
. sidci of heart* 653 

superior, 106p 
L(ix4iaseo]ytimu*4^»'4^ , 
capi^ RmshW|^442 ' 
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Loop of Henle, 1148 
Loose oartilage of knee-joint* 

^ 408 

Lordosis* 181 

LSwentbal* cerebellospinal tiaot 
of, 765^ 

liower extremity* arteries oil 

m 

articulations of, 387 
bones of, 298 
lympfa-gla^ of, 721 
lymphatic ressels of, 723 
muscles of, 513 
stirfaoo anatomy of, 1254 
markings of, 1259 
veins of, 605 
Lower, tubercle of, 557 
Lumbar arteries, 642 
abscess, 515 

curve of vertebral column, 
179 

enlargement of medulla spi- 
nalis, 74G 
lynipb-glands, 726 
lymphatic trunks, 71 1 
nerves, anterior divisions of, 
911 

posterior dwisious of, 890 
plexus, 911 

applied anatomy of, 927 
puneture, 844 
regions of abdomen, 1084 
triangle, 480 
vein, ascending, 702 
veins, 702 
vertebrro, 169, 179 
Lumbocostal arch, late al, 452 
medial, 452 
ligament, 360 
Lumbodorsal fascia, 444 
Lumlw-inguinal nerve, 913 
Lumbosacral trunk, 911 
Lumbricalcs muscles, of foot,; 
539 

of hand, 508 
Lunate bone, 291 
ossification of, 296 
sulcus, 809* 

surface of acetabulum, 303 
Lung-buds, 142 
Lungs, 1037 

applied anatomy of, 1043 
development of, 142 
fissures and lobes of, 1040 
lymphatic vessels of, 738 
root of, 1041 
Btructu^ of, 1041 
surface markings of, 1231 
vea^els and nerves of, 1042 
Lunulss of nails, 1011 
of semilunar valves* 559, 
561 

Luteal cells, 1181 
Luys, nucleus of, 799 
Lymph, 29 
capillaries* 29 
path or sinus, 708 
sacs, 127 

Lymph-ffiand or glands, 708 
appned anatomy of, 710 
of abdomen* 724 
parietal, 724 
viscera^ 726 
aortic, 726 

auricnlar, anterior, 714 
posterior, 714 
axillaiy, 719 
appU^ amatomy oL 720 


INDEX 


or ^ands (cone.) 
ttonchial, 737 
bnmcho-pulmonary, 737 
buccinator, 714 
cervical, anterior, 715 
deep, 715 

applied anatogiy of. 


superficial, 715 
of Cloquet, 723 
cystic, 727 

deltoideopectoral, 718 
diaphra^atic, 736 
epigastric, inferior, 725 
famal, 714 
de^, 714 

gastric, inferior, 727 
superior, 726 
jgerm centres of, 709 
%fhead, 713 
hepatic, 727 
hypogastric, 725 
ileocolic, 728 
iliac, circumflex, 725 
common, 725 
oxtemal, 725 
infrahyoid, 715 
infraorbital, 714 
inguinal, 722 
applied anatomy of, 723 
intercostal, 735 
lingual, 714 
of lower extremity, 721 
lumbar, 726 

mammary, internal, 735 
mediastinal, anterior, 736 
posterior, 736 
mesenteric, inferior, 729 
superior, 728 | 

meaocolic, 728 
of neck, 714 
obturator, 725 
occipital, 713 
pancreaticoduodenal, 731 
pancreaticolienal, 727 
paracardial, 727 
pararectal, 720 
paratracb^, 715 
paiictal of abdomen and 
pelvis, 724 
of thorax, 735 
parotid, 714 
of pelvis, 724 
popliteal, 721 
applied anatomy of, 723 
pre-aortic, 726 
prelaryngeal, 715 
pretracheal, 715 
principal lymph-glands of 
tongue, 718 
pulmonary, 737 

of Kmlcmu^er, 723 
sacral, 725 

Stahr, middle lymph-gland 
of. 714 
ster^, 735 
structure of, 708 
submaxiUsry* 714 
subment^ 714 
subpyiorio, 727 
suprahyoid, 714 
suprsmaiidibuiar, 714 
eupratroohlear, 718 
of thorax, 735 
p^etaJ, 735 
visceral* 736 
tibial* anterior, 721 



traoheobronchial, 736 
applied anatomy of* 737 
of upp^ extremity, 718 
deep* 719 
Bup^cial* 718 
viscera], of abdomen and 
pelvis, 726 
of thorax, 736 
Lymphatic duet, right, 712 
nodules, aggregate, 1113 
solitary, 1112, 1123 
system, 707 
development of, 127 
trunk, bronchomediastinal, 
left, 712, 737 
right, 712, 737 
intestinal, 711, 726 
jugular, left, 711 
right, 712 
lumbar, 711 
subclavian, left, 712 
right, 712 

Lymphatic vessels, 707 

of abdomen and pelvis, 729 
parietal, 729 
visceral, 730 

of abdominal viscera, 730 
of abdominal wall, 729 
afferent, 709 

of anal canal and anna, 
731 

applied anatomy of, 710 
of auricula and external 
acoustic meatus, 716 
bronchomediastinal 
trunks, 712 
of csscuni, 731 
chyliferous vessels or lae- 
teals, 707 
cistema chyli, 711 
of colon, 731 

of cojnmon bile-duct, 732 
deep, 710 

development of, 127 

of ductus Kerens, 735 
of duodenum, 731 
efferent, 709 
of external genitals, 730 
of face, 716 
of gall-bladder, 732 
of head and nock, 716 
of heart, 738 
of ileum, 731 
intestinal trunk, 711 
of jejunum, 731 
jn^lar trunks, 711, 712 
of Idclney, 732 
laotealB or chyliferous 
vessels, 707 
of larynx, 718 
of Uver, 731 
of lower extremity, 723 
lumbar trunks, 711 ' 
of lungs, 738 
of momma, 738 
of mouth, 717 
of nasal Cavities* 717 
of neck, 718 
of cBSophagus, 739 
of ovary* 735 
of palatine tonsil, 717 
of pancreaC* 732 
ofprivis*729 
. of petiiuefiira* 730 
of pharynx* 718. .. . - 



INDEX 


Ljrmpli^ resiel^ of ptenra, 
739 

of prostate, 734 
puuaonary, 737 
of reotuxn, 731 
of r^rodaotive organs, 734 
rieht lymphatic duct, 712 
of scalp, 716 
of spleen, 732 
of stomach, 730 
structure gf, 707 
subclavian temks, 712, 720 
, superficial, 709 
of suprarenal gland, 732 
of testis, 7.34 
thoracic duct, 710 
applied anatomy of, 712 
, of thoracic viscera, 738 
wall, 737 
of thymus, 739 
of thyreoid gland, 718 
of tongue, 718 
of upper extremity, 721 
of ureter, 733 
of urethra, 734 
of ririnary bladder, 733 
of urinary organs, 732 
of xitcrine tube, 735 
of atoms, 735 
of vagina, 735 
of vermiform process, 731 
of vcsicubs Bcminales, 735 
Lymiihocyte, 29 
Lymphoid tissue, 12 
Lyra of fornix, 824 

Macewen, suprameatal triangle 
of, 203 

Afackenrodt, ligament of, 1187 
Macula acustica sacculi, 997 
utriculi, 997 
cribrosa media, 993 
superior, 994 
lutea, 961 
structure of, 964 
Ma^a reticule, 50 
Majendie, foramen of, 785, 843 
Malar bone, 233 
Male genital organs, 1104 

bulbo urethral glands, 153, 
1178 

ductus deferens, 1168 
ejacalatoiy ducts, 1170 
epididymis, 1164 
penis, 1173 
prostate, 1176 
spematic cord, 1170 
testes, 1164 

vesiculaa seminales, 1169 
pronucleuB, 48 
urethra, 1160 « 

Malleolar arteries, 665, 668 
folds, anterior and posterior, 
986 

sulcus, 321 

Malleolus, lateral, 324 
medial, 321 
Malleos,989 
oog^tooUi or spar of, 989 
develcMment 6f, 108 
head, 989 
ligament of, 990 
misiiuhrinm, 989 
neck, 989 

ptocesa, anther, 989 
lateral, 989 
proceasoB .989 


Malpighian bodies of kidney, 
1147 

of spleen, 1203 

Mamilla^ processes of verte- 
bne, 170 
Mamma, 1102 
applied anatomy of, 1194 
df^elopment of, 85 
lymphatic vessels of, 738 
papilla or nipple of, 1193 
suspensory ligaments of, 481 
structure of, 1103 
vessels and nerves of, 1 194 
Mammary artery, internal, 600 
applied anatomy of, 610 
external, 616 

lymph-glands, internal, 735 
papilla or nipple, 1193 
veins, interna!, 691 
Mandible, 235 
alveolar part of, 236 
angle of, 236 
articulation of, 346 
body of, 2tl5 

changes in, due to age, 238 
condyloid process of, 237 
coronoid process of, 237 
ossification of, 237 
ramus of, 236 
Mandibula, 235 
Mandibular arch, 77 
branch of facial nerve, 871 
canal, 236 
foramen, 236 
fossa, 203, 243, 246 
nerve, 860 
notch, 237 
symphysis, 235 
Mantle layer, 86 
Manubrium mallei, 989 
of sternum, 182 
Margin, supraorbital, 214 
Marginal layer, 86 

©’PUS, 808 

sinus of placenta, 67 
veins of foot, 695 
Margins of hoari, 554, 555 
supraorbital, 2J4 
Marrow, red, 18, 28 
yellow, 18 

Marshall, oblique vein of, 126, 
552, 672 

vestigial fold of, 126, 552, 672 
Martinotti, cells of, 831 
Massa intermedia, 794, 803 
Masses, lateral of atlas» 165 
lateral, of ethmoidal bone, 
218 

Masseter muscle, 432 
Masseteric artery, 589 
nerve, 860 

Mastoid air-coils, 205, 987 
antrum, 206, 986 
branch of occipital artery, 
685 

canaliculus, 208, 244 
emissary vein, 686 
foramen, 206 
notch, 205 

porrion of temporal bone, 206 
process, 205 

Maternal portion of placenta, 
66 

Matrix of areolar tissue, 7 
dental, 1069 
of nail, 1011 
Matorarion of ovum, 43 
Mature ovum, 43 


1205 

MaxUla, 224 
alveolar process of, 228 
antrum of Highmore, 220, 
950 

body of; 224 

changes in, due to age, 230 
frontal process of, 227 
ossification of, 229 
palatine process of, 228 
sinus of, 226, 950 
zygomatic process of, 227 
Maxillary art6r>, external, 682 
applied anatomy of, 684 
peculiarities of, 584 
internal, 687 
nerve, 866 
inferior, 860 

process of inferior nasal 
concha, 220 
of foetus, 78, 80 
of palatine bone, 232 
sinus, 226, 950 
applied anatomy of, 227 
surfac^e anatomy of, 1216 
tulierosity, 224 
vein, internal, 674 
Meatal plate, 108 
Meatus, external acoustic, 209, 
246,^1 

applied anatomy of, 983 
internal, 207, 255 ^ 

primary, 108 
secondary, 108 

Meatuses of the nose, 219, 220, 
257, 945, 046 
Mechanism of pelvis, 391 
of respiration, 450 
of thorax, 363 
Mockers cartilages, 77, 237 
diverticulum, 57 
ganglion, 858 

Media, refracting of bulb of 
eye, 964 

Medial geniculate body, 796 
longitudinal fasciculus, 771, 
791 

wall cf nasal cavity, 256, 946 
Median anti brachial vein, 689 
basilic vein, 687 
cubital vein, 687 
nerve, 901 

applied anatomy of, 907 
Mediastinal arteries, from 
aorta, 629 

from internal mammary, 
609 

cavity, 1035 

applied anal^my of, 
1036 

anterior, 1035 
middle, 1036 
})osterior, 1036 
superior, 1035 
lymph-glands, anterior, 737 
posterior, 737 
pleura, 1033 

Mediastinum testis, 1165 
Medulla of hair, 1014 
Medulla oblot^sata, t61 
anterior i^on of, 762 
applied anatomy of, 772 
arcuate fibres of, 769 
development of« 91 
fasciculus ennoatus of^ 766 
gracilis of, 766 
fiS8iii(cs and sold of, 762 
foimatio reticularis of, 771 
grey sabstance of, 768 
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Medalla oblongatit, 
region of» 7Cf3 
• olive of, 7651 
posterior region of, 763 . . ^ 
pyramid of, 762 
pyramidal deouasation, 762 
restiform bodies of, 769 
sensory dooussation, 767 
Htructure of, 765 
ossium dava, 
rubra. 18, 28 ^ 
spinalis, 745 

applied anatomy of, 759 
central canal of, 750 
columns of, 749 
cornua of, 749 
development of, 86 
distribution of nerve-cellH 
in. 761 

enlargements of, 746 
fasciculi of, 7^ 
fissure of, 747 
funiculi of, 764 
grey commisKures of, 750 
substance of, 748 
internal structure of, 748 
ligamentum denticulatum 
of, 846 • 
meninges of, 839 
applied anatomy of, 

«- 844 

nerve fasciculi of, 764 
sulci of, 747 
veins of, 696 

white commissure of, 747 
substance of, 763 
Medullary arteries, 608 
cavity, 100 

lamiiue of lentiform nucleus, 
820 

of thalamus, 795 
membrane of lx)ne, 17 
portion of suprarenal gland, 
1206 

rays of kidney, 1147 
segments of nerves, 39 
sheath of nerve-libres, 39 
spaces of bone, 23 
substance of kidney, 1147 
velum, interior, 780, 784 
posterior, 777, 780, 784 
MeduUated nerve-fibres, 37 
Megacophalic skuUs, 260 
Mc^akai^ocytes, 28 
Meibomian glands, 975 
Meissner's plexus, 1114 
tactile gorpuseles, 975 
Melanin, 13 

Membrana granulosa of 
Grofl^an follicle, 1180 
limitans externa, 964 
interna, 963 
pupillaris, 105, 960 
stemi, 361 
toctoria, 358 

Jilsonbrane^ accessory tcctonal, 
' 1004 

antlbracbial interosseoue^ 
377 

, arachnoid, 842 
. atlanto-occipital, anterior, 
367 

posterior, 357 
basilar, 996, 1001 
bucoonosal, 80 
buooopbaryngeal, 61 
cloaq^5l.l39 
costocotacoid^ 483 


IJiOifibriaiK^ Oricothyreoidf 1021 
. ^oniral ifiterosaecm^ 409 
elMtle, 0 llaryriac, logo 
fenestcafed, 11 
hyaloid, 065 
hyothyieoid, l020 
hypogtosial, 1070 
interosseous, antil»raohial, 
377 

orural, 409 
of Krause, 31 
medullary, of bone, 17 
of Nasm^h, 1062 
nuclear, 2 
obturator, 624 
pleuropericordia], 145 
pleuroperitoneal, 145 
pupillary, 105, 960 
of Beissner, 999 
secondary tympanic, 996 
of Shrapnoll, 986 
tectorial, of ductus cochlearis, 
1003 

tympanic, 985 
structure of, 986 
vestibular, 999 
vitelline, 47 
Membranes — 
basement, 12 

of brain and medulla spinalis, 
839 

clopiug, 77 
foetal, 69 
intercostal, 450 
Menibronous lab 3 n(inth, 996 
development Of, 106 
portion of urethra, 1161 
vertebral column, 69 
Meniere’s disease, 1(>05 
Meningeal artery or arteries, 
accessory, 589 
anterior, 696, 598 
from ascending pharyn- 
geal, 581 
middle, 537 

applied anatomy of, 
589 

siu'face mttrking of, 1216 
froM occipital, 5^ 
recurrent, from lacrimal, 
697 

from vertebral, 607 
branch of spinal nerve, 
887 

layer of dura mater, 839 
nerves from hypoglossal, 884 
from maxiil^, 867 
from vagus, 879 
sinuses, middle, 686 
veins, middle, 686 
Meninges of brain and medulla 
spinalis, 830 
Meningitis, 8M 
acute spinal, 844 
Meningocele, 262 
Menisci, 16 
of knee-joint, 404 
Meniscus, 344 
Mental foramen, 235 
canal% 230 
nerve, 862 
point, 260 
protuberanr^, 235 


Mentalismuscte, 430 
Mfiriceb tactile dieet of, 1005 
Meroblastic ov'a^^S 


Mesomoeboids, 109 . ' , 

Iklesencephalic root of trige- 
minal nerve, 794 
Mewncephalon, 63, 93* 787 
Mesenteric artery, inferior, 638 
superior, 635 

ganglion, inferior, 940 • 

superior, 939 
lymph-glands, 728, 729 
part of small intestine, 1108 
plexuses of neyves, 939 
vein, inferior 705 
superior, 706 
Moscntcries, 1096 
mesentery proper, 1095 
posterior common, 135 
sigmoid mesocolon, 1096 
transverse mesocolon, 1095 i, 
Mesenteriole of vermiform pro- 
cess, 1095 

Mesocardium, arterial, 551 
venous, 552 

Mesocephalic skulls, 260 
Mesocolio lymph-glands, 728 
Mesocolon, foetal, 135 
sigmoid, 1006 
transverse, 1095 
Mesoderm, 52 
formation of, 50 
lateral, 52 
paraxial, 52 
primitive, 50 
somatic, 52 
splanchnic, 53 
Mesogastrimn, dorsal, 135 
ventral, 134, 139 
Mesognathlon, 264 
Mesonephros, 146 
Mesorchium. 149 
Mesosalpinx, 1186 
Mesovarium, 149, 1180 
Metacarpal bones, 291 
fifth, 296 
frst, 294 
fourth, 295 
second, 295 
third, 295 

applied anatomy of, 298 
common characteristics of, 
294 

individual characteristics 
of, 294 

ossification of, 297 
ligament, transverse, 386 
Metacarpophalangeal articula- 
tions, 3& 

Metacarpus, 294 
Metanepnros, 152 
Metaphase of karyokinesis, 2 
Metatarsal arteries, 666, 660 
bones, 335 
fifth, 337 
first, 336 
fourth, 337 
second, 337 
third, 337 

common oharaiotoristicB of, 

335 

haUvkhial characterisrics 
of, 336 

Oadfitiation of, 338 
ligapfient, trkmiyen^ 4l9 
]&3^tMaiBoph^ arttoala- 
tioiifl^420 
Met4toi«ns, 335 
MtptolhaSatiuis, 94, 796 ' V v 
MjetoBCcmhiilo^ 91, 761 
MMopW 213 .< 
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lleynertit basal opfcio mioleua 1 

oi,m 

faaoioobiti 797 1 

; fo^mlaiii daeomtioa of» 792 
. sabstaDitia idnomin^ of» 822 
Mi(TOQe|^te skulls, 260 
• l|Ck)ioC]f^ 26 ] 

WkL-bvain, 58, 98, 787 ] 

Hid-oarpal joints 382 
Milk-ri^ 85 
Milk-teeth, 1017 
Mioina, 852 

Mitochondrial sheath, 45 
' Mitosis, heteiotypicaC 3 
homotypical, 3 
Mitral cells, 8M 
▼alive, 561 

« Modmtor band, 559 
Modiohis of cocMea, 996 
roiral canal of, 995 
Molar glands, 1046 
teeth, 1057 

Molecular layer of cortex of 
cerebellum, 781 

Monakow, rubrospinal tract 
of, 755 
Monaster, 2 
Monorchism, 1167 
Monro, foramen of, 803, 825 
sulcus of, 94, 803 
Mons pubis or Veneris, 1101 
Monticulus, 776 
Morbus COX8S senilis, 399 
Morgagni, hydatid of, 149, 
1165, 1182 

rectal columns of, 1121 
sinus of, 1078 
Morula. 49 
Moss-fibres, 782 
Motor area of cerebral cortex, 
831 

decussation, 836 
end-plate, 743 

fibres of posterior nerve- 
roots, 750* 
nerves, 743 

neurons, lower and upper, 
836 

paralysis, 838 
tract, 835 

Mouth cavity, 1046 
development of, 129 
lymphatic vessels of, 717 
mucous membrane of, 1046 
rima of, 1046 
vestibule of, 1040 
Movable articulations, 344 
kidney, 1151 ■ 

vertebTffi, 161 j 

Movements of auditory ossicles, 
990 

permitted in joints, 345 
angular, 345 
circamduction, 345 
gliding, 345 
rotation, 345 
Mucigen, 5 

Mttcous.glaiuls d tongue, 1070 
aheaw of tendons around 
ankKI^ 

. on back of wrist, 503 
omMht of wrists 501 
thkue^ i2 

Msfilerrsustentacular fibres of, 

orbiMie ipMld of, 971 

muscle of, 96^ 


Mullerian ducts, 148 
eminence, 149 

Muhangular bone, greater, 292 
ossification of» 296 
lesser, ^2 
ossification of, 297 
Multifidus muscle, 448 
Muscle or muscles-- 
of abdomen, 456 
abductor halluois, 538 
digit! q^ti (foot), 539 
(hand), 508 
indicia, 509 
poUicia brevis, 506 
longus, 499 

accessonua of back, 447 
of foot, 539 

I adductor brevis, 520 
I hallucis, 539 
longus, 520 
magnus, 521 
minimus, 521* 
pollicis, 506 
of anal region, 471 
anconseuB, 498 
anterior crural, 528 
anterior femoral, 515 
anterior vertebral, 442 
antero-lateral of abdomen, 
456 

of antero-lateral region of 
neck, 435 
antitragicus, 081 
aponeuroses of, 425 
applied anatomy of, 424 
ot arm, 488 

arrectoros pilorum, 1014 
articularis genus or sub* 
crureus, 519 
aryepiglottlcus, 1026 
arytaeiioideiis obliquus, 1026 , 
transversus, 1026 i 

of auricula or pinna, 98 1 | 

auricula^ anterior, 981 j 

posterior, 981 | 

superior, 081 I 

axillary arch, 480 
azygos uvuJao, 1075 
biceps braohii, 489 
fomorifi, 526 
biventer corvicis, 448 
brachialis, 489 
brachialis anticus, 489 
brachioradialis, 496 
bronchial, 1042 
buccinator, 431 
bulbocavemosus, 473, 476 
: caninus, 430 

j cardiac, 33 

cervical, superficial and 
lateral, 437 

cervicalis ascondeas, 447 
chondroglossus, 1068 
ciliaris, ^7 

ooocygeus, 471 i 

columns, 31 

compbxus, 448 ' 

compressor naris, 429 
connecting the upper ex-; 
ttemity to the vertebral 
coluinii,478 

oongtrietPt! phazyngis in- 
ferior, 1078 
medhiA* 1078 


sm^or, 1078 
urethne, 478 
coiaoobffachiaUs, 4^ 
oomgator, 429 
4k 


Muscle or muscles (ixsK,) 
oovrugetor euUs ani, 472 
oremaster, 461 

crioosiytienoideus lateralis, 

im 

posterior, 1025 
cricothyteoideus, 1025 
crureus, 519 
deq>, of back, 444 
Mtoidens, 485 
depressor septi, 429 
anguli oris, 430 
detrusor urino, 1159 
development of, 34, 84 
diaphi^m, 452 
digsstrious, 439 
dictator naris, anterior, 430 
posterior, 429 
pupilhe, 959 
tuboo, 988 
Dobie’s line of, 31 
dorsal antibrachial, 496 
dorsal of foot, 537 
dorsocpitrochlearis brachii, 
480 

ejaculator urinie, 473 
endomjrBiiim of, 30 
epioianius, 426 
epimysium of, 30 
erector elitoridis, 476 
penis, 474 • 

spinm or sacrospinalis, 445 
extensor carpi radialis brevis, 
496 

longus, 496 
ulnaris, 498 
cocc.vgi8, 448 
digit! quinti proprius, 497 
digitorum brevis, 537 
communis, 497 
longus, 528 
hallucis longus, 528 
indicia proprius, 500 
ossis motaoaq>i pollicis, 
409 

pollicis brevis, 499 
longus, 409 
of oyelidB, 428 
fasciculi of, 30 
of fauces, 1074 
fibres, development of, 34 
first plantar interosseous, 539 
first volar interosseous, 506 
fixation, 424 

I tiexor accessorius, 539 
I carpi radialis, 492 

ulnaris, 492 ^ 
digiU quinti brevis, of foot, 
540 

of baneb 508 
digitorum brevis, 538 
longus, 532 
profundus, 493 
subJimis, 493 
j hallucis brevis, 539 

longus, 432 

' pollicis brevis, 506 

longus, 404 
of foot, 537 
of forearm, 491 
! form 423 
i ftontolis, 427 
; gastrocnemius, 530 
gemrilus inferior, 525 
superior, 525 
geni^lossus, 1067 
geniohyoideus, 441 
glossopalatiuus, lU75 
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; :igliit«miiiwi3aufi,.5a^ 

^ mediti8,d22 

niiiiiiiiiiui, ^22 ; ^ 

^aciH8,&19 
olltaik4W 

ofhead»436 
heliciB lUftjqTt 981 
luinor^^l 
Heii09ii'i 31 
hyof^am^ 1087 ^ 
of ilW region« 513 
iliamifl, 514 
iliooocoj^eus, 470 
ilioQostalia ceiricia, 447. 
doTBi, 447 
lumborum, 447 
iliopsoas, 5l4* 
iliosacraJis^ 470 
incisivuB labii inferioris, 41 
6Q]>eriori6, 432 
infraspinatus, 487 
insertion of, 424 
intercostales, 450 
intermediate volar, 508 
intcrossei, of foot, 640 
of hand, 508 
intcrspinalcs, 448 
ixit(^.ransvcr8QTii, 448 
involuntary, 32 
ischiocaveinosus, 474, 476 
Krause's membrane of, 31 
of larynx, 1025 
lateral cruia], 534 
vertebra], 444 
volar, 506 

latissimus dorsi, 478 
of log, 528 

levator anguli oris, 430 
ani, 409 
glandulse tliyreoidcac, 1196 
menti, 430 

polpehriD superioTis, 068 
prostatan, 4'JO, 1176 
scapula;, 480 
veb palatini (levator 
Jati), 1074 

Icvatoivs costaruiii, 451 
Iigament'''tUi action of; 345 
longis^ i^ius capitis, 447 
cervicis, 447 
dorsi, 447 

lougitudinalis lingua) inferior, 
1060 

superior, 1068 
longus capitis, 442 
colli, 442 

of lower extremity, 513 
Inmbricalcs, of foot, 539 
of band, 508 
masseter, 433 
of mastication, 432 
meaning of the terms 
“ origin ” and “ inser* 
tion ” of, 424 
medial femoral, 519 
volar, 5v8 
mentalis, 430 
pf moath, 4S0 
‘ lnuliifidi^ 448 
inylobyoideui^ 44X , 
uasali^, 429 
nasolhbialis, 432 ' 
of nose, 429 

obliqnus aurieuhe, 981 . ; 
capitis inferioliir 449 
superior, 449 


liXaMle miitelte (<ioa4 > 

> ~ obHqi^ extemtis abdmlnis, 

: . m 

intemuB abdmninfis, 460 
ociili mfeHor, 970 
^superior, 970 
obturator extemus, 525 
intemus, 524 
oocipitaJis^ 427 
occipitofrontalis, 426 
Qouuir, 968 
omobyoidieiiB, ^ 
opponens digiti qninti 
of mot, 540 
of band, 508 
pollicut,506 
orbicularis oonli, 428 
oris, 431 

orbitalis of Muller, 971 
origin of, 424 

of palate and fauces, 1074 
palatoglossus, 1075 
paJatopbaiyngeus, 1075 
palmaris brevTs, 508 
longus, 492 

palpebral, of Mbller, 968, 971* 
pectineus, 620 
peotoralis major, 482 
minor, 483 
of pelvis, 467 
of pi^rinonim, 471 
perouteus brevis, 634 
longus, 534 
tertius, 529 

pharyngopaiatinus, 1075 
of pharynx, 1077 
of pinna or auricula, 981 
piriformis, 523 
plain, 32 

plantar, first layer, 538 
fourth layer, 540 
second Inver, 539 
third layer, 639 
plantaris, 531 
p].Ate, 69 
platysma, 437 
! popliteus, 631 
posierior crural, 520 
fenjc t'al, 526 
procerus, 42^ 
pronator qUaciratus, 405 
teres, 491 
psoas major, 513 
mipor, 514 

pterygoidcuB extemus, 434 
intemus, 434 
puboanalis, 471* 
pubococcygcus, 470 
puboreotaiis, 471 
puboyesicaJes, 1157, 1159 
pyramidalis abdominis, 464 
nasi, 429 , 

quadrates fmoris, 525 
labii superioris, 430 
inlerioris, 430 
lomborum, 467 
plantss, 539 

quadrice]^ femorii;^ 518 . 
r^cti of eyetedl, 970 ^ ^ 

rectococeygeal^ 1122 ' 

rector esioales, 1157 ' 

\ rectus abdominis, 463 
capitis anterior, 443 
. ' antkms major, 442 
iniiior,,443 
latefaKB,443 
posterior major, 449 . ' 
. minor, 449 ; 


Muwie or musofct iedn/d,) 
rebtus femoris,' 518 
rhomboideat major, 480 
minor, 480 ; 
of Biolan, 428 
ridorius, 432 
. rotatoree, 448 
sacrospinalis, 445 
salpingopharyngeus, 1079 
saxcolemma, 30 
sarcomere, 31 
sarcoplasm, 31 
sarcostyles, 31 
saroouB element of, 32 
sartorius, 517 
BcalenuB anterior, 444 
medius, 444 
posterior, 444 
of scalp, 426 
semimembranosus, 527 
Bcmispinalis capitis, 448 
cervicis, 447 
dorsi, 447 

semitendinoBus, 527 
serratus anterior, 484 
magnuB, 484 
pof^ior inferior, 451 
superior, 461 
of shoulder, 485 
soleuB, 530 

sphincter ani extemus, 472 
i intemus, 473 
I pupill«, 959 
leoti, 471 

urethrm membranaccav 
476, 477 

vaginas, 476, 1190 
vesiosB, 1159 
spinalis capitis, 448 
cervicis, 447 
dorsi, 447 

spleniiis capitis, 445 
cervicis, 445 
stapedius, 991 

stomocicidomastoideus, 433 
stemohyoideus, 441 
stemothweoideuB, 441 
striped, 30 
structure of, 30 
vessels and nerves of, 32 
styloglossus, 1068 
stylobyoideus, 440 
stylopharyngeus, 1079 
subanconeus, 490 
subclavins, 483 
Buboostales, 451 


suberureus or articularia 
genus, 510 
sujsoocipital, 449 
subacapularis, 486 
superficial and lateral cervix 
cal, 437 

ettpinater, 498 ' 
bretis, 498 
longus, 496 

.Bupra- mfrahyoi4»430 
supteisphtetua, 487 
sus|^e|mi3rr of duod^uuiii. 

S fafJfe" “ 

of»’425 ' , 

tenter. 

^ ,te*ri,4i8’’ \y., . 





fCuaole or musoles [conL) 
teres minor, 487 
: Of thigh, 515 
of thorax, 450 
thyreoaiytttnoidoiis, 1026 
thyreoepiglotticuB, 1026 
thjnfeohyoideiis, 442 
tihialis anterior, 528 
posterior, 533 
of tongae, 1007 
trachealis, 1030 
trachelomaslbideus, 447 
• trsgicus, 981 
transversalis cervicis, 447 
transrerBUs abdominis, 462 
anrioule, 981 
lingute, 1069 ' 
menti, 431 
nucluD, 427 
pedis, 540 

perineei profundus. 476,477 
superlicialis, 473, 476 
thoracis, 461 
trapezius, 478 
triangularis, 430 
stemi, 451 
triceps bracliii, 490 
surro, 531 
of trunk, 444 
of tympanic cavity, 990 
of upper extremity, 478 
of ureters, 1159 
unstriped, 32 
structure of, 33 
of urogenital region (female), 
476 

(male), 473 
of uvula, 1075 
vastus intermodius, 5! 9 
lateralis, 518 
medialis, 518 
ventricu laris, 1026 
vertebral, anterior, 442 
lateral, 444 
vcrticalis linguse, 1069 
vocalis, 1026 
volar antibrachial, 401 
voluntary, 30 
zygomaticus, 430 
Musetdar fibres of heart, 563 
process of arytsanoid carti- 
lage, 1018 
tissue, 30 
car^ao, 33 

striped or voluntary, 30 
unstriped, plain or in< 
voluntary, 32 
triangle of neck, 592 
Muscularis mucossa, 1110 
Musculi papillares of left ven- 
tricle, 561 

of right ventricle, 569 
jioctinati of loft auricula^ 560 
of right aurieuio, 566 
Musculocutaneous nerve of 
ana»899 
of leg« 925 

Musculophrenic artery, 609 
Mitsculoi^nd groove, 276 

. •lis.^fny 0^ 907 

Moahahmaeaea^^ 447 
cuo^ain^, 478* 
hreimTua labil inlerioris, 432 
'sitt>^r|a|432 
432. 
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Mydbncqihaion, 91, 761 
Myelitis, spinal, 769 
MyeIoc5i;es, 28 
Myeloplaxcs, 28 
Myenteric plexus, 1114. 
Mylohyoid artery, 689 
e, or sulcus, 236 


ncave, 862 

Mylohyoideus muscle, 441 
Myoca^um, 562 
Myoccai, 55, 69 
Myology, 4^ 

Nail-fields, primary, 85 
Nail matrix, 1011 
Nails, 1011 
development of, 85 
Nares, 944 

Nasal aperture, anterior, 258 
apertures, posterior, 258 
artery, dorsal, 598 
lateral, 584 
bones, 221 
ossification of, 222 
capsule, development of, 76 
cartilages. 943, 944 
cavities, 256, 944 
applied anatomy of, 950 
arteries of, 048 
lymphatic vessels of, 717 
mucous membrane of, 947 
nerves of, 948 
veins of, 948 
vestibule of, 945 
concha, inferior, 220 
ossification of, 220 
middle, 219 
superior, 219 
crest, 229 
duct, 978 
index, 261 
laminte, 80 

mucous membrane, 947 
nerves from anterior eth- 
moidal, 855 

external from maxillary, 858 
posterior inferior from an- 
terior palatine, 850 
from spnenopalatino gan- 
glion, 859 

notch of frontal bone, 214 
of maxilla, 224 . 
part of frontal bone, 214 
of pharynx, 1076 
process of frontal hone, 214 
processes of foetus, 79 
septum, 256, 946 
qnno, anterior, 224, 229 
posterior, 2«30, 243 
surface of maxilla, 225 
j Nasalis muscle, 429 
! Nasion, 260 

j Nasmyth’s membrane, 1062 
] NawiKiiliaiy nerve, 865 
• Naaofirental vein, 686 
NaaolabiaUs muscle, 432 
Nasedacrimai duct, 978 
Naab-optie furrow,, 80, 106 
Naa^^lktine n^e, 859 ^ 

. gfbcive, 222 
reeeB^946 
Nasc^har^* 1976 
NavKtdar botie of carpus, .290 

&a%;U92 


Neck, lymph-glands of, 714 
lymphatio veaaela of» 718 
muamea of, 4»35 
surface anatomy 1(223 
iriani^ea of, 591 
veins of, 675 

Neck of rib, UgamhUt of, 300 « 

Necrosis, acute infective, of ^ 
boim,26 

Nblaton’s line, 1200 
Neopalliam, 97 ^ 

Nephrectomy, 1151 
Nephrogenic cord, 52 
Nephrolithotomy, 1151 / 
Nephropexy, 1151 
Nephrotomy, 1151 
Nervo-eelis, 85 
axon or axis-cylinder proi'oss 
of, 35 
bijpolar, 35 

of cerehellaT oortex, 781 
of cerebral oortex, 829 
dendrons or protoplasmic 
processes of, 36 
of meduUa sjpiualis, 751 
multipolar, 35 
unipolar, ^ 

Nerve-deafness, 874, 1005 
Nerve-endings, free, 1005 
Nerve fasciculi of ^eduUa 
spinalis, 754 
Nerve-fibres, 37 
of cerebral cortex, 829 
grey or gelatinous 40 
medullated, 37 
non-medullatod, 40 
of Bomak, 40 
I preganglionic, 740 
postganglionic, 740 
white, 37 

Neive-roots, anterior, 758, 885 
posterior, 758, 885 
Norvo or nerves-— 
abducent, 865 
accessory, 881 
cerebral part, 881 
spinal part, 882 
acoustic, 872, 1004 
development of, 109 
afferent or centripetal, 742 
alveolar, anterior superior, 858 
middle, 858 
Tiosterior, 857 
inierior, 862 
anococcygeal, 927 
anterior crural, 916 
interosseous, 90t 
8Ui>erior alveolar, 858 
thoracic, 897 
tibial, 025 

antibrachial cutaneous, dor- 
sal, 905 
lateral, 899 
medial, 900 
Arnold’s, 879 

anricolar anterior, of auri- 
culotemporal, 861 
great, 892 , 
posterior, 870 
of vagus, 8|f9 
aurieulotempbral, 861 . 
aatommxic^ 741, 
axillary, 899 
of Bell, 897 

brachial outaneods, lateral,. 

ni^ 901 : ' 
posterior, . 
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Nerve or uerVee (coni,) 
btonohial, anterior, 980 
poeterien 880 
buccaU'Of facial, 870 
long, 860 
buccinator, 860 
calcaneal, medial, 923 
cardiac, of sympathetic, 932, 
933 

dfvaga^88<r‘^ 
caroticotympanic, , 991 
carotid, of ^ossopharyngetd, 
876 

internal, 931 
cavernous, of penis, 940 
centrifugal or efferent, 742 
centripetal or afferent, 742 
cerebral, 846 
abducent, 865 
ac^cessory, 881 
acoustic, 872 
development of, 100 
facial, 867 

glossopharyngeal, 875 
hy|)Oglo8sal, 883 
oculomotor, 851 
olfactory, S43 
development of, 100 
optic, 848 
trigeminal, 853 
trochlear, 852 
vagus, 877 

cerebrospinal, structure of, 
741 

cervical, anterior divisions 
of, 891 

posterior divisions of, 
887 

cutaneous or transverse, 
893 

of facial, 871 

chorda tyrapani, 870, 992 
ciliary, Jong, 855 
short, 866 
circumflex, 899 
cluiiium inferiorcs, 920 
medii, 890 

coccygeal, anterior division 
of, 9*7 

postciior rli vision of, 890 
cochlear, 873, 1004 


coeliac, of vagus, 881 


common peromsal, 924 
communicans fibularis, 924 
tibialis, 923 

commuiycantes cervicales, 
894 

cnural, anterior, 916 
cutaneous cervical, 893 
internal, 900 
lesser internal, 901 
deep branch of radial, 906 
of ulnar, 904 
peronseal, 925 
petrosal, 858 
temporal, 860 
dental, inferior, 862 
descendens oervicnlis, 894 
descending ramus of hypo- 
glossal, 884 

dev^omnent of, 88, 100 
dig^<ric, from fiacial, 870 
digital, of lateral plantar, 924 
of medial plantar, 923 
of median, 903 
of radial, 005 ^ 
of superficial peromsal, 925 
of ulnar. 904 


Nerve or nerves (coal,) 

dorsal antibrachial cuta- 
neous, 005 
branch of ulnar, 903 
of clitoris, 926 
cutaneous, intermediate, 
926 

lateral, 923 
medial, 925 
of penis, 926 
scapular, 896 
of dura mater, 841 
efferent or centrifugal, 742 
endings, free, 1005 
end-organs, special, 1005 
endoneurium of, 741 
opinourium of, 741 
ethmoidal, anterior, 855 
posterior, 850 

external cutaneous, of raus- 
culospiral, 905 
of thigh, 913 
external nasal, 865, 858 
petrosal, 932 
popliteal, 924 
saphenous, 923 
spermatic, 913 
facial, 867 
motor fibres, 867 
sensory fibres, 868 
femoral, 916 
cutaneous, anterior, 916 
lateral, 913 
posterior, 920 
frontal, 855 
funiculi of, 741 
furcal, 911 
ganglia of, 743 
gastric branches of vagus, 
881 

genitofemoral or genito- 
orural, 01b 

gJosaopharyngeal, 875 
n -itor fibres, 8V5 
sensory fibres, 876 
glutacal, inferior, 920 
3U[ierior, 929 
great t.«ricular, 892 
greater occipital, 888 
splanchnic,’ 934 
superficial peti*osal, 858, 
869 

hecmorrhoidal, inferior, 926 
hepatic branches of vagus, 
881 

hypoglossal, 882 
iliohypogastric, 912 
ilioi'iguinal, 913 
incisive, 862 
inferior dental, 862 
maxillary, 060 
infraorbital, 856* 
infiupatellar, 917 
infratrochioar, 856 
intercostal, 008 
thoracic, 909 
thoracico-abdomiuah 910 
, inbircostobrachial, 910' 
intermodius of Wrisborg, 867 
internal carotid, 931 
cutaneous, of arm, 900 
leaser, ^1 

of musoulospiral, 005 
popliteal 622 
saphenous, 910 
intefOBseoua, dorsal, 906 
posterior, 906 
^ volar or anterior, 901 




Nerve or nerves {cant,) 
Jacobson’s, 876, 991 
jugular, 932 
labial, posterior, 926 
superior, 858 
lacrimal, 855 
laryngeal, recurrent, 880 
superior, 879 

laryngopharyngeal, of sym- 
pathetic, 932 

lateral antihitbchial cuta- 
neous, Sift 

brachial cutaneous, 899 *' 
dorsal cutaneous, 923 
femoral cutaneous, 913 
plantar, 923 
lesser splanchnic, 934 
lingua], 862 

of glossopharyugeol, 876 
long ciliary, 855 
saphenous, 916 
subscapular, 899 
thoracic, 897 
lowest splanchnic, 934 
lumbar, anterior divisions 
of, 911 

posterior divisions of, 890 
lumbo- inguinal, 913 
lumbosacral tnink, 91 1 
mandibular, 850 
of facial, 871 
masseteric, 800 
masticatoiius, 860 
maxillary, 866 
inferior, 859 

medial antibrachial cuta- 
neous, 000 

brachial cutaneous, 901 
plantar, 923 
sural cutaneous, 923 
median, 901 

meningeal, of hypoglossal, 
884 

of maxillary, 857 
middle, 857 
of spinal nerves, 887 
of vagus, 879 
mental, 862 
motor, 743 

ending in involuntary or 
unstriped muselos, 743 
in voluntary or striped 
muscles, 743 

musculocutaneous of arm, 
899 

of leg, 925 
musculospiial, 904 
mylohyoid, 802 
nasal, external, 855, 858 
internal, 855 
posterior, Ibferior, 859 
superior, 859 

from sphenoi>alatino gan- 
glion, 869 
nasociliary, 865 > 
nasopalatme, 859 
uervi nervorum, 742 
obturator, 913 
aocessory, 916 

of obturator interm^ and 
gemeUus inferior, 
occipitel, greater, 868 
smaUeyry 861 
third, 888 
ooutomotor, 851 
QSBophagealt 880 

847, 948 , 
development of, 192 



IScrve or nerves (co»^) 

; ophthalmic, 8M 
« optic, 848 

orbital, their relation, in 
cavernoua sinus, 866 
in orbit, 866 
in superior orbital fis- 
sure, 866 

branches o| sphenopalatine 
ganglion, 858 
origins of, 742 
palatine, afltorior, 869 
middle, 859 
* posterior, 859 
palmar cutaneous, of median, 
903 

of ulnar, 903 
palpebral, inferior, 858 
pextorating cutaneous, 926 
perimeal, 926 
superficial, 926 
perineurium of, 741 
peripheral terminations of, 
742 

peroineal anastomotic, 924 
peromeal, common, 924 
deep, 925 ) 

superficial, 925 
petrosal, deep, 858, 931 
external, 032 

greater superficial, 858, 869 
smaller superficial, 886, 
991 

pliar 3 mgeal, of glossopharyn- 
geal, 876 j 

of sphenopalatine ganglion, | 
859 j 

of vagus, 879 
phrenic, 894 
to piriformis, 920 
plantar, lateral or external, 
923 

medial or internal, 923 
plexus, 742 

popliteal, external, 924 
internal, 922 
of pterygoid canal, 858 
to pterygoideus externus, 860 
internus, 860 i' 

pudendal, 926 | 

inferior, 920 j 

pudic, 926 I 

to (luadratus femoris and { 
gemellus inferior, 919 ! 

radial, 904 i 

deep branch, 906 t 

sup^cial branch, 905 \ 

rami communicantes, grey : 

and white, 887, 928, 930 : 

ramus colli, 871 ; 

marginalis mandibulsc, 871 1 
recurrent, 880 i 

roots, 758, 885 j 

sacral, anterior divisiox&s of, 
917 

posterior divisions of, 890 i 
saphenous, 916 I 

externalft 923 \ 

scapular, dorsal, 896 | 

sciatic, ^ 
amall, 920| , 

sorotab postiermr, 926 ' 

short ciliary, 866 ' I 

smalier occipital, 891 
s^ial end-organs of, 1005 
spmmatic, external, 913 
i^henotdal, of otic ganglion, 
863 


INDEX 

Nerve or nerves (conf.) 
sphenopalatine branches of 
maxillary, 857 
spinal, 886 

anterior divisions of, 891 
posterior divisions of, 
887 

connexions with sym- 
pathetic trunbn, 887* 
development of, 88 
ganglia of, 885 
roots of, 758, 885 
size and direction, 885 
somatic fibres ob 887 
sympathetic fibres of, 887 
spinal accessory, 881 
spinosus, 860 
splanchnic, greater, 034 
lesser, 934 
lowest, 934 
to stapedius, 870 
to stylohyoid, 870 
to stylopharyngeus, 876 
to Bubclavius, 897 
suboccipital, 885, 887 
subscapular, 898 
long, 899 

substance, grey, 34 
white, 34 

superficial branch of radial, 
905 

of ulnar, 004 
peronscal, 925 
petrosal, greater, 858 
superior labia!, 858 
supraclavicular, 893 
supraorbital, 855 
suprascapular, 897 
supratrochlear, 855 
sural, 923 

cutaneous lateral, 024 
medial, 923 
sympatliotio, 928 
structure of, 742 
of taste, 913 
temporal, deep, 860 
superficial, 862 
of facial, 870 
tomporomalar, 857 
terminations of, 742 
thoracic, anterior divisions 
of, 908 
first, 908 

lateral anterior, 897 
long, 897 

medial anterior, 897 
posterior divisions of, 889 
twelfth, 910 
thoracodorsal, 899 
thyreohyoid, 884 
tibial, 922 
anterior, 925 
of tongue, 1071 
tonsillar, 876 
transverse cervical, 893 
trigomijaal, 853 
trochlear, 852 

tympanic, of glosaopharyn- 
876, 991 
UlxtAT; 903 
collateral, 904 
of urstbial bulb, 926 
vagtt^ 876 
motor fibres, 877 
sensory fibres, 877 
T4S0!i|totor fibres, 742 
vestibular, 872^ 1004 


mi 

Nfurve or nerves (coiii.) 
volar digiUl, 903, 904, 905 
mterosseous, 901 
of Wrisbeig, 901 
zygomatic, 857 
of faciflJ, 870 
zygomaticofacial, 857 
zygomaticotemporal, 857 
Nervi erigentes, 035 
nei-vorum, 742 

Nervous system, development 
of, 86 

cerebrospinal, central part, 
740 

peripheral, part 740 
sympathetic, 740,' 028 
tissue, 34 

Nervua communicans fibularU, 
924 

tibialis, 923 
furoalis, 911 

intermedius, of. Wrisberg, 
867 

mastioatoriuB, 800 
spinosus, 860 

Network, dorsal carpal, 622 
lateral malleolar, 665 
medial malleolar, 605 
volar carpal, 622, 625 
Neumann, dentinal sheath of, 
1058 • 

Neural canal, 53 
crest, 53, 88 
folds, 53 
groove, 63 
tube, 53 

Neurenteric canal, 53 
Neuroblasts, 86 
Neurocentrai synchondroses, 
176 

Neuroglia, 35 
Neurokeratiu, 38 
Neurulemma, 38, 39 
Neurology, 740 
Neuromeres, 746 
Neuromuscular spindles, 1007 
Nenron theory, 744 
Neurons, association or inter- 
ecgmental, 751 
highest sensory, 837 
intermediate senfiory, 837 
lower motor, 836 
lowest sensory, 837 
upper motor, f^6 
Neuroporo, anterior, 53 
posterior, 53 

Nourotendinous spindles, 1007 
Neutrophil coiouness cor- 
puscles, 28 

Nidus avis of cerebellum, 778 
Ninth thoracic vertebra, 169 
Nipple or mammary papilla, 
1192 

Nissi's granules, 36 
Node, atrioventricular, 564 
sino-atrial, 564 
Nodes of Parrot, 264 
of Banvier, 39 
Nodule of corebeilum, 777 
Nodul^^aggiiegated lymphatic, 

solit^ lymphatic, 1112» 

Non-meduUated nervo^fibies, 
40 

Norma basalis, 241 
frontalis, 248 
latetalia, 244 



im 

Noni&a ocGl^1ta|i0» 24V' 
veitio«;lkV 241 
Kohnobla^ 2$ 

Nose, 043 

accessoty sinuses of, 040 
ala nasi, 048 
alar of, 044 

ap^ of, 943 
apjilied anatomy of, 050 
arteries of , 948^ ^ 
base of, 943 m 

bridge of, 943 
eaituage of septum of, 943 | 

cartilarinous framework of, ’, 

, 943 • I 

caviries of, 044 i 

cboaiife, 945 

columna of, 943 I 

development of, 79 | 

dorsum, 943> I 

external, 043 
lateral oartiliw of, 044 
lympliatios of; 717 
meatuses of, M5, 046 
mucous membrane of, 047 
muscles of, 429 
nares, 043, 044 
nerves of, 948 • 
septum mobile nasi, 944 
veins of, 948 
Notch, ficetabnlar, 303 
anterior cerebellar, 775 
cardiac^ 1040 
ethmoidal, 216 
iibular, 320, 321 
frontal, 214 
great scapular, 268 
intertragic, 980 
jugular, 182, 100 
la(;rlraal, 225 
mandibular, 237 
mastoid, 205 

nasal, of frontal bone, 214 
of maxilla, 224 
parietal, 204 
posterior cereliellar, 775 
pre^occipital, 805 
radial, 285 
of llivinus, 985 
scapulsf , ^68 
sciatic, greater, 301 
lesser, 301 
semilunar, 284 
sphenopalatine, 232, 233 
superior thyreoid, 1017 
supraorbital, 214, 248, 249 
ulnar, ol radius, 282 I 

Notches, cerebellar, 775 
vertebral, 162 
Notochord, 54 
Nuchal line, highest, 193 
inferior, 103, 244 
median, 193, 248 
superior, 193, 244 
fascia, 4.44 

Nuek, canal of, 152, 1187 
Nuclear layer of oeiebellar 
cortex, 781 

layers of retina, 902, 963 
lusmbrane, 2 

Nucleated sheath of Schwann, 
38,39 

Nuclei df acoustio nerve, 775 
«7% 

of coehljsar nerve, 775, 873 
of petuomotor nerve^ 86l 


^Nuclei, ollvaiy, 768 
Of nrigin of corebtat nmrvea, 
846 

poniia, 773 

of termination of cerebral 
nerves, 846 

of trigeminal nerve, 774, 864 
of vestibular nerve, 776, 873 
Nucleolus, 2 

Nucleus of abducent nerve, 774 
of accessory nerve, 768, 881 
ambiguns, 766, 768, 876, 881 
amygdalm, 821 
arcuatus, 771 
of Bechteiew, 776, 873 
caudate, 810 
of a coll, 2 
cervical, 752 
cuneatus, 764 
of Belters, 775, 873 
dentatus of ccrebellmn, 782 
dorsal, of medulla spinalis, 
761 

ombolifomiis, ,782 
of facial nerve, 775, 867 
fastigii, 782 
globosus, 782 
gracilis, 764 

of hypoglossal nerve, 768, 

intercalatus, 786 
of lat'^^ral lemniscus, 873 
lateralis, 771 

Icntifoim (or lenticular), 819 
of Lays, 799 

of medial longitudinal fasci- 
culus, 790 

of oculomotor nerve, 851 
olivary, 768 

of posterior commissure, 798 
pufpofliis^ 71, 360 
red, 789 
• of Roller, 771 
sacral, 752 
ecginentation, 48 
superior olivary.. 774 
tractus soiitarius, 808, 875 
trapezoid, 773 
of trochlear norve, 703, 852 
of vagus, 768, 877 
Nuel, space of, 1003 
Nuhn, glands of, 1070 
Nutrient artery of bone, 19 
Nutritive yolk, 41 

ObeUoD, 261 
Obex, 786 
Oblique cord, 377 
diameter of pelvis, 305 
inguinal h^nU, 1125 
line of the hbuiay 323 
of mandible, 235 
of radius, 282 
of thyreoid cartilage, 1017 
popliteal ligament, 402 
ridge of clavicle, 271 
sinus of pericardium, 552 
vein oif left atrium^ 136, 552, 
672 

vein of Marshall, 126, 552, 
672 

Obliqutts auriouIsB, 081 
oapitis lhfsric.v449 
superior, 449 
extemua id>domiiuB, 458 
inttou^ ahdomiu^ 460 
p<mli infefkd',,970 . 

Superior, 970 


Obliterated umbilical vein, 1086, 
Obturator ait^« 645 
peculiarities of, 046 
relation of, to femoral ring, 
646 

crest, 303 

extemus muscle, 525 
foramen, 303 
groove, 303 
intemus muscle^ 524 
fascia, of 461 
lymph-glands^ 725 
membrane, 624 « 

nerve, 913 

applied anatomy of, 027 
accessory, 016 
tubercle, anterior, 303 • 
posterior, 301, 303 
vein, 700 

Obtuse margin of heart, 555 
Occipital artery, 585 
bone, 193 

basilar part of, 196 
lateral parts of, 195 
ossification of, 196 
squama of, 193 
structure of, 196 
condyles, 195 
crest, internal, 194, 255 
fonticulus, 195 
fossae, 194 
groove, 206 
lobe, 809 

lymph-glands, 713 
nerve, greater, 888 
smaller, 801 
third, 888 
plate, 73 
point, 261 

protuberance, external, 193, 
248 


internal, 194 
sinus, 682 
sulcus, lateral, 809 
transverse, 809 
triangle, 593 
vein, 674 
Occipitalis, 427 
Occipito-axial ligament, 358 
Occipitofrontal or longitudinal 
arc of rienU, 201 
Occipitofrontal fasciculus, 829 
Occipitofrontalis muscle, 426 
Occipitomastoid suture, 245 
Ocular muscles, 968 
applied anatomy of, 973 
Oculomotor sulcus, 787 
nerve, 851 

applied anatomy of, 852 
Odontoblasts, 1058, 1062 


Odontoid process of epistro- 
pheus or axis, 165 
Odontoma, 1064 
GBdema of the glottis, 1030 
CBsophageal arteries, 610, 629 
glands, 1082 

hiatus in diaphragm, 453 
impression on Uv^, 1136 
nerves, 878 
plexus, 878, 880 
(Eaophairas, 1080 
abdominal poircion of, 1081 
applied anatomy 1082 
cervical portion of, '1080 
lymi^iAtio vessels o4 739 
structhra oi 1081 


■xnca^w porwon orr 
yea^ and nerves Oil 1082 





sfcztioliiihe of, 83il 
. ; €e|lB,^ 

* - fwicHilua, 825 
-half, 948 
lob^812 
nerves, 847, 048 
applied aaatomy of, 848 
developmeftt of, }02 
• pitf^ 79 

re^n of nasal cavities, 945, 

sulcus of frontal lobe, 808 
of nasal cavity, 946 
« tra6t, 812 
trigpne, 813 
OUve,703 
peduncle of, 769 
Olivaity nuoleiis, dorsal ac- 
cessory, 769 
iufenor, 768 
medial accessory, 769 
superior, 774 

Olivospinal fasciculus (Hel- 
weg), 766 

Omental bursa, 1088, 1001 
boundaries of, 1092 
n^cess, inferior, 1092 
licnal, 1092 
middle, 1092 
superior, 1092 
vestibule of, 1092 
Omentum, gaatrosplenic, 1091 
greater, 1094 
lessor, 1094 

Omohyoideus muscle, 442 
Oocytes, primary, 41 
secondary, 44 
Oogonia, 41 
Ooplasm, 41 

Open part of medulla oblon- 
gata, 761 

Oj^niiig of aorta in left ven- 
tricle, 561 

aorric, in diaphragm, 453 
atrioventricular, left, 561 
right, 558 

of coronary sinus, 556 
of inferior vena cava, 556 
ociMf^iagea], in diaphragm, 

of pulmonary artery, 558 
veins, 560 
saphenous, 516 
of superior vena cava, 556 
of thorax, lower, 550 
upper, 650 

vena-caval, in diaphragm, 
453 

<>pniings in diaphragm, 453 
in roof of fourth ventricle, 785 
Operoola ofd&sain» 8il 
%hryoB, 26r . 

Ophthulmio ar^y, 596 
nstVi^ $54 ; 


veins, 685\ 




mu*. 




<^ip Mb, 102 
eup, 102 
961 

foramen, 197, 201, 252 
groove, 197 
nerve, 848 

ap^ied anatomy of, 850 
radiations, 796> 802 
recess, 803 
stalks, 94, 102 
tracts, 802 
vesicles, 94, 102 
Ora serra^ 960, 964 
Oral part of pharynx, 1077 
Orbicular ligament, 876 
Orbicularis oculi, 428 
ciliary bundle of, 428 
lacrimal part of, 428 
orbital part of, 428 
palpebral part of, 428 
oris, 431 

Orbioulua oiliaris, 957 
Orbital fascia, 972 
iissuce, inferior, 246 
superior, 200, 251, 253 
gyrU 808 
index, 261 

nerves, from sphenopalatine 
ganglion, 859 
operculum, 811 
plates of frontal bone, 215 
process of palatine bone, 232 
of zygomatic bone, 234 
septum, 975 
sulcus, 808 

surface of maxilla, 225 
vein, 674 

Orbitalis muscle of Muller, 0 j 1 
Orbits, 249 

relation of nerves in, 866 
Orchitis, 1168 
Organ, enamel, 1061 
of Giraldds, 1169 
of hearing, 979 
of RosenmuUer, 147, 1181 
of sight, 951 
of sniell, 943 
spiral, of Corti, 1001 
of taste, 042 
Organic reOexos, 838 
Organs, accessory, of the diges- 
tive tube, 1046 
of the eye, 968 
chromaffin, 101 
genital, of female, 1178 
external, 1191 
of male, 1164 
development of, 145 
of Golgi, 1007 
of the senses, 942 
peripheral, of the special 
senses, 942 
urinary, 1143 

Vomsfonasal, of Jacobson, 
82,947 

Orifice^ aorric, 561 
atrioventricular, left, 561 
right, 5^ 

cardWj, of stomach, 1098 
of mouth, 1046 
of Mmonaty artery, 55^ 
;pyfi^, oij^temach, 1098 

feipate, 

V'-U' l4inLsJl^l|62 - 

1158^ 


iaefe 

Or!6oe,Teginal, 1192 
Oriflees olutet^ 1158 , 

Origin of muscles, 424 
Origins of nerves, 742 / 

Os acetabuli, 304 
oalcis, 331 ^ 

capitatum, 293 
centrale, 297 
coccygis, 176 
cordis, 562 
COXA, 298 
ossification of, 304 
structure of, 304 
ouboideuin, 3^ 
ouneiformo prbnum, 333 
secundum, 333 
tertUim, 334 
ethmoidale, 217 
frontalo, 213 
hamatum, 293 
hyoideum, 240 
ilii, 208 
incisivum, 229 
innominatum, 298 
ischii, 301 
hmatuin, 291 
magnum, 292 
multangulum majus, 292 
minus, 292 

navioulare monus, 296 
pedis, 332 
oooipitale, 193 
pisiforme, 291 

planum of ethmoidal b.'>no, 
218 

pubis, 302. 
angle, 302 
body, 302 
crest, 302 

iliopoctinoal eminence, 303 
obturator crest, 303 
pecten, 302 
ramus, inferior, 302 
superior, 302 
spine, 302 
tubercle, 302 
sacrum, 171 
sphenoidale, 197 
trigonum, 330, 338 
triquetrum, 291 
Ossa c^i, 290 
cranii, 193 
faciei, 224 
Jacrimalia, 220 
nietacarpatia, 201 
metatorsalia, 335 
nasaJia, 221 * 

palatina, 230 
pariotalia, 211 
suturarum, 224 
tarsi, 325 
temporalxa» 203 
Ossein, 21 

Osseous spiral lamiha, 906 
labyrinth, 993 
Ossicle, pterion, 224 
Ossicles, nuditory, 988 
incuii» 989 
malleus^ 989 
stap^90O 
development oU 108 
ligamiafttepf, 990 

Centre of, 22 
intmesrrilaginoi^ 22 
inteateitmbffmou^ 

OssifioatlQin (if-« 
atla4»l77- 
'■ axiSfllT 
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OBsifioation of [cont) 
cttipalB,206 
* davic]^ 273 
coecyxt 179 
epmoj^us, 177 
ethmoi^i 220 
feuiur* 316 
fibula, 324 
foot, 338 
iiontal, 21 firt 9 r 
hand* 296 
hip-bone, 304 
hiunerus, 278 
hyoid, 241 
inferior nasal concha, 
220 

lacrimal, 221 
lumbar T^tebrse, 178 
mandible, 237 
maxilla, 229 
metacarpalB, 297 
metatarsals, 338 
nasal, 222 
occipital, 106 

08 coxffi or innomiiiatuiu, 
304 

palatine, 233 
parietal, 2K1 
patella, 325 

phalanges of fingers, 297 
•of toes, 330 
radius, 283 
libs, 189 
sacrum, 178 
scapula, 270 

seventh cervical v^^rtebra, 
178 

sphenoidal, 202 
sternum, 184 
tarsals, 338 
temporal, 210 > 
tibia, 321 
ulna, 286 

vertebral column, 176 
vomer, 222 
zygomatic, 234 
Ostco-arthritis, of bip, 399 
Osteoblasts, 18, 21, 22 
Osteoclasts, 23, 1063 
Osteogenetf^' fibres, 22 
Osteology, 160 
Oateomahicia, 309 
Ostoomyolitis, 25 
Ostium, abdominal, of uterine 
tube, 1182 
niaxillaie, 946 

phaiyugeal, of auditor}' tube, 
1076 

primitive urogenital, 163 
primiun, of heart, 115 
secundum, of heart, 1 15 
Otic ganglion, 862 
Otoconia, 998 
Otocyst, 196 
Outlet of pelvis, 30ti 
Ova, hobblaatic, 48 
human, 41 
meroblastic, 48 
primitive, 150 
Oval area of Flechsig, 758 
bundle, 88 , 92 
Ovarian arteries, 641 
cysta, 1181 
fimbi^ 1182 
fofisa, 1090, 1178 
plexus of nfirves,^939 
preguanoy, 47 / 

veins, 7<^ 



Ovaries, 1178 Palatoglossos^ 1075 

applied anatomy of, 1181 Pahttophaiyngeus# 1075 
descent of, 152 Palmar aponeurosis, 504 

development of, 160 applied anatomy of, 505 

ligaments of, 1180 , arch, o^, 623 

lymphatic vessels of, 735 superficial, 627 

structure of, 1180 outaneons branch of median, 

vessels and nerves of, 1181 nerve, 903 

vesicular or Graafian follicles of ulnar nerve, 903 
of, 1180 ganglion, compound, 506 

Ovariotomy, 1181 Pdmaris brGfvi8,508 « 

Ovula Nabothi, 1189 longua, 492 • 

Ovum, 41 Palmate folds of cervix ntep, 

corona radiata of, 43 1185 

coverings of, 42 Palpebm, 973 

discharge of, 1181 Palpebral arteries, lateral, 697 

fertilisation of, 47 medial, 598 

germinal s^t of, 41 commissures or canthi, 974 « 

vesicle of, 42 fissure; 973 

implantation or imbedding ligament, medial, 429 

of, 63 nerves from maxiUary, 85$ 

maturation of, 43 raphe, lateral, 429 

mature, 43 Pampiniform plexus, 702 

segmentation of, 48 Pancreas, 1128 ^ 

structure of, 41 accessory duct of, 141, 1132 

yolk of, 41 applied anatomy of, 1132 

zona pellucida or zona striata body of, 1130 
of, 42 devdopment of, 141 

Owen, contour lines of, 1059 duct of, 141, 1131 
Oxyntic cells, 1104 head of, 1128 

glands, 1104 , lymphatic vessels of, 732 

Oxyphil colourless ooipuscles, neck of, 1130 
28 relations of, 1128 


Pacchionian glands. 844 
Pacinian corpuscles, 1006 
Pachydermia lymphangiecta- 
tica, 710 

Pad, infrapatellar, 401 
retropubic, 1155 
< 6 i;otorial, 431 
Palate, 1048 

ji|)oneTiTx)si 8 of, 1073 
applied anatomy of, 1048 
ai'ches of, 10 f 2 
cleft, 264. 

development of, 80 
hard. 1048 
prinut.re, 80 
soft, 1048 
muscles of, 1074 
mucous mf5mbranc of, 1048 
paralysis of, 1048 
ves^ls and nerves of, 1048 
Palatine aponeurosis, 1073 
artery, ascending, 583 
descending, 590 
applied anatomy of, 590 
greater, 590 
bone, 230 

liorizontal part of, 230 
maxillaiy^ process of, 232 
orbital process of, 2 ^ j 

ossification of, 233 j 

pyramidal process or \ 
tuberosity of, 232 
sphenoidal process of, 232 
. vertical part olV 231 
foramen, greater, 243 
foramina, lesser, 243 
nerves, 859 

process of maxilla, 228 
processes of ^^tus, 80 
tonrils, 1072 
development of, 131 
lymph^ie vvss^ of, 717 
ovuK 1048 

vdum, 1048 . . 


structure of, 1132 
surface marking of, 1239 
tail of, 1131 

uncinate process of, 1128 
vessels and nerves of, 1132 
Pancreatic branches of splenic* 
(licnal) artery, 635 
duct, 141, 1131 
accessory, 141, 1132 
veins, 705 

Pancreatica magna artery, 035 
Panoreaiicodiiodeual artery, 
inferior 636 
superior, 635 
veins, 706 

Pancreaticolionallyniph-glands, 
727, 731 
Pannus, 966 
Papilla, lacrimal, 074 
foliata, 1071 
mammary, 1192 
of optic nerve, 961 
Papilks lacrimales, 977 
of skin, 1011 
of tongue, 1065, 1066 
structure of, 1070 
Papillary layer of skin, 1010 
process, 1136 

Paracardial lymph-glands, 727 
Paracentesis of periGatdium,553 
Paracentral lobule, 808 
Parachordal cartilages, 74 
Paradidymis, 147, 1169 - 
Parallel suloua, 810 
ParalyseB, alternate, 775 
ooojugatefr 775 
lower segment^ 775 
Pexh^S^nrile, 25, 760 . 
motor, 838 
sensory, 838 
ol 

Parsmaslioid pKocees; 196 
Pariimedial suioits# 808 : , 

Bacametritis or psivto 

nW 



INDEX 


< Patametrium, 1185 
, Pannepkno body, 1147 
' Paraauoleus, llSffi 
' Paraplaam, 2 
Pararectal fossa, 1089 
lymph-glands, 729 
Paraseptal cartilage, anterior, 

77 

common, 76 
]) 08 terior, 77 

Parathyroid glands, 1198 
applied anatomy of, 1108 
de^eloplbent of, 131 
* . atmotuie of, 1198 

Paratiacheal lymph-gland8,715 
Paravesical fossa, 1089, 1154 
Paraxial mesoderm, 52 
Parenchyma of lung, 1042 
Parietal bone, 211 
ossification of, 213 
cells of fondus glands, 1104 
eminence, 211, 241, 245 
foramen, 211 
lobe, 808 
gyrf of, 809 
sulci of, 809 

lymph-glands of abdomcMi 
and pelvis, 724 
of thorax, 735 
notch, 204 
operculum, 811 
pleura, 1031 

tuberosity, 211, 241, 245 
veins of embryo, 123 
emissary, 686 

Parietes, development of. 69 
Parietomastoid suture, 245 
Parieto-ocoipital fissure, 807 
Parietotemporal artery, 600 
Parolfactory area of Bi-oca, 
813 

Paronychia, 505 
Paroophoron, 147, 1181 
Parosmia, 848 
Parotid duct, 1050 

surface marking of, 1217 
gland, 1049 

accessory part of, 1049 
applied anatomy of, 1054 
suriace marking of, 1217 ^ 

vessels and nerves of, 1051 1 
lymph-glands, 714 I 

plexus, 869 

Paxotideoniassetcric fascia, 435 . 
ParroVs nodes, 264 I 

Pars anaJis recti, 1121 
ciliaris retina), 103, 958, i 

960, 964 I 

endopelvina fascias pelvis, : 

469 I 

flaceida of tymiianio mem- i 
brane, 986 | 

intermedia of vestibular 
bulb, 1192 I 

iridica retins, 103, 959, 060, | 
964 1 

mamiOaris hypothalami, 95 | 
optica hypothalami* 95 j 
tensao^ tympanic membrane, { 
986 i 

uterina tiibse, 1182 I 

Parumbifical veins, 706 
Pat^ 324 j 

applied anatpmy of, 325 
. movemtwts of, 407 
o^aiieation of, 325 
stiiUita^of,.825 
Ku^ace anatomy Of, 1254 | 


Patellar fold, 401 
ptexua, 913, 917 
retinacula, 400 
surface of femur, 314, 315 
Pavement epithelium, 4 
Pecten pubis, 302 
Pectinate ligament of iris, 955 
Pectineal line, 312 
Pectineus muscle, 520 
Pectinifonn septum, 1173 
Pectoral fascia, 481 
Pectoralig major, 482 
minor, 4^ 

Peculiarities in vascular system 
of foetus, 560 

Pedicles of a vertebra, 161 
Peduncle of corpus callosum, 
813 

of olive, 769 

Peduncles, cerebellar, 778, 770 
cerebral, 787 

Pedunculated hydatid, 1165 
Pelvic brim, 305 
cellulitis. 1190 
colon, 1118 

curve of vertebral column, 
179 

diaphragm, 467, 1084 
fascia, 467 

diaphragmatic part of, 468 
endopolvic part of, 409 
girdle, 265 
plexuses, 940 

portion of sympathetic sys- 
tem, 935 

splanchnic nerves, 930 
Pelvis, 305, 1084 
applied anatomy of, 308 
axes of, 306 
brun of, 305 
cavity of lesser, 305 
diameters of, 305. 306 
in festuB, 308 
greater or false, 305 
inferior aperture or outlet 
of, 306 
inlet of, 305 
lesser or true. 3U5 
linca terminalis of, 305 
lymph-glands of, 724 
lymphatic vessels of, 729 . ! 

major, 305 

male and female, differences 
between, 307 
mechanism of, 391 
minor, 305 
muscles of, 467 
in osteomalacia, 309 
outlet of, 306 
position of, 300 
renal, 1146 
in rickets, 309 

superior aperture or inlet of, 
306 

surface anatomy of, 1254 
Penis, 11T3 

applied anatomy of, 1175 
body of, 1174 
corona glandis, 1174 
corpora cavernosa, 1173 
corpus caverxrosum uretbne 
or ccupQS spongiosum, 
1173 

crura of, 1173 
deep artery of, 647 
idozsed artery ol^ 647 
> nerve of, 926 
veins 0f, 701 


PeniBi extremity of, 1174 
fundiform Qf^ent of, 1174 
gUuQB, 1174 
neck of, 1174 
nerves of, 1175 
prepuce or foxeikm of, 1174 
root of, 1174 

septum pectinifonKLe of, 1172 
stature of, 1175 
suspensory ligament of, 1174 
vee^ and nerves of, 1175 
Perforated substance, anterior, 
813 

posterior, 787 

Perforating arteries, of hand, 
623 

from internal mammary, 
600 

from peronieal, 668 
from plantar arch, 669 
from profunda femoris, 
658 

cutaneous nerve, 026 
fibres of bone, 20 
Perforator of spermatozoon, 44 
Pericardiacophrenic artery, 609 
Pericardial area, 51 
arteries, 609, 620 
Pericardiotomy, 553 
Pericardium, &51 
applied anatomy of, 553 
fibrous, 551 * 

nerves of, 562 
oblique sinus of, 552 
relations of, 551 
serous, 551 
structure of, 551 
transverse sinus of, 552 
vessels of, 552 
vestigial fold of, 552 
Perichondrium, 16, 22 
Perichorioidal lymph-spaco, 

951 

Perilymph, 006 
Perimetritis, 1183 
Perimysium, 30 
Pcrinosal artery, 647 
transverse, 647 
body, 1121 

branch of fourth sacral 
nerve, 927 
ectopia testis, 1167 
fiexure of rectum, 1 120 
nerve, 926 

nerves, superficial, 926 
Perimeuin, toundaries of, 47J 
central tendinous point of, 
473 • 

lymphatic vessels of, 730 
muscles of, 471 
Perinephric abscess, 1151 
Perineurium, 741 
Periods of activity and rest of 
cardiac cycle, 565 
Periosteum, 17 
internal, 17 

Periostitis, acute infective, 25 
Peripheral end-organs, 1005 
Peripheral organs of the special 
senses, 942 

terminations of motor nerves, 
743 

of nerves of general topsa- 
tions, 1005 

Perisoleral lymph-space, 97^^ 
Peritonced cavity, 1086 
fossBS or recesses, 1097 
applied anatomy of, 1098 
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PeritoniMuni, 1086 ' t 
. mphia to]^jiaxii6a of, 1091 
1eB«i» B«o ox omental hva$tki 
of, 1094 

ligamonts of, 1094 
main ca>yity or greater sac 
of, 1091 

horizontal dispositioR of, 
in lower ab^men, 1090 
in upper abdomep, 1090 
in peiVijs, 108^ •'?» 
vertioal diiqki&ition #;1080 
XQcaenterieB of, 1095 
omenta of, 1004 
omental biiraa of, 1091 
vertical disposition of, 1088 
parietal {portion of, ICM^ 
recesses or fossae of, 1097 
visceral portion of, 1086 
Permanent cartilage, 14 
choaxue, 81 
kidney, 152 
teeth, 1055 
development of, 1063 
Peronadsl anostoinotic nerve, 
924 

artery, 067 
peculiaritica of, iS68 
nerve, com)tion, 924 I 

applied anatomy of, 928 \ 
deep, 0^ I 

superficial, 925 

retinacula, 535 [ 

tubercle, 332 
veins, 698 

Peronieus brevis, 534 i 

longUH, 534 • : 

tertius, 520 1 

Per|)ondicular fasciculus, 829 ' 

line of ulna, 285 | 

Pes or Iwsoof cerebral peduncle, * 
788 I 

cavus, 422 I 

hippocampi, 810 
planus or flat-foot, 422 
Petit, canal of, 905 
triangle of, 480 
Peiro-occipital fissure, 254 
Petrosal nerve, deep, 858, 931 
external, 932 
greater sryeiilcial, 858, 


^ Phallus, 154 

.1 Jftheyngaal aponeurosis, 1078 
* artery, ascending, 581 

Implied anatomy of, 581 
britoh of internal maxillary 
jortety, 590 
bursa, 1077 
groove, 77 

nerve, fr<nn sphenopalatine 
ganglion, 860 

nerves, from glossophapyn- 
geal, 876 
from vagus, 879 
ostinm of auditory tube, 
1076 

plexus of nerves. 876, 879, 


smaller superficial, 886, 
991 

process, 198 
sinus, inferior, 676, 686 
superior, 686 
sulci, inferior, 196 
Petrosphenoidal fissure, 244 
Petrosquamous sinus, 682 
suture, 204, 206, 209 
Petrotympanio fissure, 204, 243, 
085 

Petrous gaiiglion, 875 
portion of t^poral bone, 
206 

Peyer’s glands, 1113 . 
Phalangeal processes of Corti’s 

veStL 1002 

of Deiten’ eells, 1003 
Phalangiss of eoclilea, 1003 
digitonim tbanus, 296 
p^is, 337 
of foot, 337 
osstfieatiqin of, 339 
of hand,^ 296 
applM ahatoitny of,.299 


pouches, 77 
recess, 1077 
tonsil, 1077 
tubercle, 196, 243 
veins, 677 
venous plexus, 677 
Pharyngobasiiarf^cia, 1077 
Pharyrigopalatine arch, 1072 
Phaiyngopalatinus, 1075 
Pharynx, 1076 
applied anatomy of, 1079 
lajyngeal part of. 1077 
lymphatic vessels of, 718 
muscles of, 1078 
i nasal port of, 1076 
oral partfcof, 1077 
stnicture of, 1077 
Philtrum, 432, 1046 
I Phrenic arteries, inferior, 641 
; superior, 629 
ganglion, 894 
nerve, 804 

applied anatomy of, 895 
p*e-<as of nerves, 939 
Veins, inferior, 703 
superior, 691 

Phrenicocolio ligament, 1096, 
11 18 

Phrenicocostal sinus, 1033 
Plu^oolienal ligament, 1091, 

PhrenicopcTCardiao ligament, 
right, 702 

Phthisical chest, 192 
Pia mater, cerebral, 845 
spinal, 845 
Pigeon- breast, 192 
Pigment, 13 * 

applied anatomy of, 14 
of iris, 959 
of skin, 1010 

Rgmentan^ layer of retina, 961 
l^gmented coimoctive-tissue 
cells, 13 

epithelial cells, 13 
Piles, 700 

Pillars of Oorti, 10(^ 
of fauces, 1072 
Of fornix, 824, 825 


458 

Pineal body, 798 

applied afiatomy of, 798 
development of; 05 
struoture of, 798 
recess, 803 
Pinna, 979 
developineat of, 100 
Piriformis musede, 
foaeta 6t 464 

PiR^g9d*s amputSi^on, 340 ' 


Kdfcmbbn^m 

isphaiaudie ' 

.isometooas 
Pit, anal, 13^ 
auditory, 106 
Pits, olfactoiy, 70 
Pituitary body, SPO 
developmeat of, 132 
Pivot-joint, 344 
Placenta, 66 • . 

basal plate of, 69 
circulation thixingh, 67, 566 
cotyledons of, 66 68 
fibrinoid substanoe of, 66 
foetal portion of, 66 ' 
marginal sinus of, 67 
maternal portion of, 66 
preevia, 68 
separation of, 68 
septa of, 66 
Plain muscle, 32 
Plane, intertubercular, 1084 
transpyloric, 1084 
Plantar aponeurosis, 537 
arch, 

applied anatomy of, 669 
arUwy, medial or interna], 
668 

deep, 666 

lateral or external, 668 
celcanepcuboid ligament, 416 
ealeaneonaviculai* ligament, 
416 

cutaneous venous arch, 695 
network, 695 
digital veins, 698 
Interosseus, first., 539 
ligament, long, 416 
luetatarsal arteries, 669 
nerve, lateral, 923 
medial, 923 
veins, 698 

venous arrb, cutaneous, 095 


network, cutaneous, 695 
Plantaris, 531 
Planum nuchale, 193 
oocipitale, 193 
Plasma cells, 9 

Plasma or liquor sanguinis, 
26 

Plate or plates-— 
auditory, 106 
basal of placenta, 66 
meatal, 108 

orlntal of f^ntal bone, 215 
occipital, 73 
stenial, 72, 184 
urethral, 154 
Platelets of blood, 29 
Platysma muscle, 437 
Pleura^ 1031 

applied anatomy of, 1034 
cavity Off, i03X 
costal 1032 ^ f 

cupula of, 1033 
diaphragi^io, 1033 
lymphatio Vessels of, 739 
mediastiiud* 1033 
parietsa* 1031 ^ 

1031 , ; 

stcuotnxe of, 1034 
surfiMse xh^Ugs of» 12 S». 



.^le^pc^toneal 

Tlexiform layws of retina, 962, 
963 

Plmtis or plexuses-^ 
abdominal aortic, 939 
' aortioas thoraoalis^ 933 
' Auerbach’s 1114 
basilar, 686 
brachial, 895' 
cardiac, ^7 
carotid, in^rnal, 931 
, of vciiia, 678 
cavemons, 931 
cervical, 891 
posterior, 888 

chorioid of fourth ventricle, 
7S5 

of lateral ventricle, 826 
of third ventricle, S02 
coccygeal, 927 
cmliac, 937 

of cornea, annular, 955 
intror^ithelial, 955 
subepitholial, 955 
eoronarj', 937 
of Exner, 829 

gastric, anterior, 881 
inferior, 039 
posterior, 881 
superior, 939 

great, of s^pathetic, 937 
hieniorrhoidal, middle, 940 
superior, 940 
venous, 700 
hepatic, 939 
hypogastric, 940 
infraorbital, 858, 871 
interlobular, 1139 
lienal, 939 
lumbar, 911 
Meissner’s, 1114 
mesenteric, inferior, 939 
superior, 939 
myenteric, 1114 
oesophageal, 878, 880 
ovarian, 939 j 

pampiniform, 702, 1171 
parotid, 869 
patellar, 013, 917 
pelvic, 940 

pharyngeal, 876, 879, 932 
venous, 677 
phrenic, 939 
prostatic, 940 
venous, 700 
pterygoid, 674 
pudendal, 925 
venous, 700 
pnlmonaiy, 878, 880 
renal, 939 
sacral, 917 
solar, 937 
spermatic, 939 
splcmic, 939 
olsubmuicc^, 1114 
suj^leuinl 'mediastinal, 609 ; 
mbsaitOjtial, 916 
sttprarenal, 939 
tympaw, 876^ 991 

v 4^1,940 
vemu^TOl 
vesical, 940 . 
venona^. 700 ; ^ 

1065 

gobeatga4in3^ t52- 


• im^x 

PUea laerimalie of Ha«ner, 978 
semlhinBris of cooiunotiva, 
976 

of tonsil, 1072 
sublingualis, 1052 
supratoBsillaris, 1072 
triangulssis of tonsil, 1072 
vascularis, 152 
vesicalis transversa, 1080 
Flicsd transversales recti, 1120 
uretoricsB, 1158 
Pneumothorax, 1034, 1044 
Polar bodies or poiocytes, 43, 
44 

Polo, embryonic, 49 
Poles of cerebral hemi- 
spheres, 805 
of nulb of eye, 951 
of lens, 965 

Poliomyelitis, acute anterior, 
76 j 

Poiocytes or polar bodies, 

I 43, 44 

I Polymorphonuclear leucocytes, 

j 28 

t Polyspenny, 47 
Pomum Adami, 1017 
Pons, 772 

applied anatomy of, 775 
development of, 92 
structure of, 773 
hepatis, 1134 

Ponticulus of auricula, 981 
Pontine arteries, 608 

flexure of embryonic 
brain, 91 

Popliteal artery, 661 

applied anatomy of, 661 
branches of, 662 
peculiarities of, 661 
surface marking of, 1262 
fossa or space, 660 
ligament, arcuate, 402 
oblique, 402 
retinaculum of, 402 
line of tibia, 320 
lymph-glands, 721 
nerve, external, 924 
internal, 922 
surface of femur, 312 
vein, 698 
Popliteus, 531 
Poro, gustatory, 942 
Porta hepatis, 1135 
Portal canal, 1130 
obstruction, 706 
vein, 704 

applied anatomy of, 706 
development of, 122 
Forus acurticus extemus, 209, 
982 

intemus, 207 
Postanal gut, 139 
Position of pdvis, 306 
Postaxial borders of limbs, 83 
Postcentral sdlcus, 809 
Postganglionic nerve-flbfoa, 
740. W 

Postglenoid tubercle, 204 
Postfloduli^tr fismu9, 93, 777 
Pbsipairiium hismonhage* 68 
Po«%»unidai teure, 777 
Bostittoiatetal gsagllotifc arte- 

ri^eos 

P0slM»omed$«d gaiiglkmic arte- 
fraciuiTe^ 544 

fooeh of 1087» 1186 



of Bsthket i'82 

ofSeasseUl^ 

Pouches, phai^ge43^ 77 
Poapart’sIi|sshiealt,459 
PinDcuheiis»609 . 

Prttptttium elitoridis, 1192 ; 
Pre-aoitio lymph-glaads, 726 
Pre-^auricular points U96 ^ ' 

Bulcuaof 300' . 
Pro-axial border of limbs* 83 
Precentral sulcus, 808 
Prechordal cartilages, 74 
, part of base of skull, 74 
Predival flaiuie, 776 
Preganglionic nerve-flbies, 740* > 
887 


Prelaryngeal lymph-glands, 715 
Plrematiixe synostosis, 25 
PremaxiUa, 229 
Premolar teeth, 1057 
Pre-oocipital notoh, 805 
Prepuoo of clttoris, 1192 
of penis, 1174 
devolopment of, 154 
Preputial glands, 1174 
sac, 1174 

Prepyrami^al fissure, 777 
Pretracheal fascia, 437 
lymph-glands, 715 
I Prevertebral fascia, ^36 
j Pregnancy, abdominal, 47 
j ovarian, 47 
i tubal, 47 


Presbyopia, 968 
Preseptal space, 968 
Pressure epiphyses, 24 
Pricklo-coUs, 7, 1009 
Primary areolm of bone, 22 
curves of vertebral column. 


179 


I Ubial groove, 129 
I lomellie, 19 
meatus, 108 
oocytes, 41 
spermatocytes, 45 
Primitive aortfs. 111 
choauie, 80 
costal arches, 71 
gn)ove, 50 
jugular veins, 123 
mesoderm, 50 
ova, 150 
jialate, 80 
segments, 55, 69 


sheath of nerve-flbns 38, 39 
streak, 50 

urogenital ostitun, J55 
Princops corvicis artery, 585 
poilicis artery, 623 
Principal cavity of right 
atrium, 559 

Prismata adamantina, 1059 
Prisms, enamel, 1059 
Procerus, 429 
Process or processes — 
accessory, of vertehrie, 170 ■ 
alar, of ethmoidal bone, 217 
alveolar, of ma^cUla, 228 
. anterior, of maUeUs, 989 , 
or^eubtr,; of v^rtcArhe^ 162 
asis^yllhder, pf imrre-eelh 35 
caudate^ oflivef, 1136 
cfl]ai7,957 

cliaoid, anteiior^ 901, 252 
miiddlei '197,.|54 
posterior, iK 254 
condjrlpidfQf 237 
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Process or pcoce&Bes (coii^,) 
coracoid, 269 

cqroAoid, of mandible, 237 
of u3na, 284 

costal, of a cervical rerta- 
bra,164 

descending, of lacrimal bone: 
221 

of dnra mater, 840 
ethmoidal, of inferior nasal 
concha, 220 
fiontal, of maxilla^ 227 
frontonasal, 70 
frontosphenoidal, of zygo> 
matio bone, 234 
globular, SO 

mfraorbital, of zygomatic 
bone, 234 
intrajugular, 196 
jugular, 196, 244 
lacrimal, of infcric»r nasal 
conch^ 220 
lateral, of malJeus, 989 
lateral nasal, 79 
lenticular, of incus, 989 
mamillary, of vertebrae, 170 
mastoid, 205 

maxillary, of foetus, 78, 80 
of inferior nJUal concha, 
220 

of palatine bone, 232 
musoultir, of aryta^noicl, 1018 
nasal, of foetus, 79 
of frontal bone, 214 
odontoid, of axis or epi 
siropheus, 165 

orbital, of palatine^bonc, 232 
of zygomatic bone, 234 
palatine, of foetus, 80 
of maxilla, 228 
papillary, of liver, 1136 
paramastoid, 196 
petrosal, 198 

phalangeal, of Corti's rods, 

of Peiters’ cells, 1003 
protoplasmic, of nervc-colls, 
36 

pterygoid, of sphenoidal 
bone, 201 

pyramidal, oi palatine bone, 
232,243 

8}>hcnoida], of palatine bone, 
232 

of septal cartilage of nose, 
944 

spinous, of ilium, 301 
of vertebrse, 162 
styloid, of fibula, 322 
of radius, 283 
of temporal bone, 210, 243 
of ulna, 286 
supracondylar, 277* 
temporal, of zygomatic bone, 

transverse, of vertebrae, 162 
trochlear, of calcaneus, 332 
uncinate, of ethmoid, 219 
of pancreas, 1128 • 
vaginal, of sphenoid, 199, 201 
vermiform, 1116 
vocal, of arytaenoid, 1018 
xiphoid, 184 

zygomatic, of frontal, 214 
of maxilla, 227 
of temporad bone, 203 
PtocesBus brevis of malleus, 


mpEx 

Froeeasas cochlearifiHinis, 209| 

gracilis of mallefus, 989 
tubarius, 201 
Frootodaeum, 139 
Frodentine, 1062 
FrofuiHla artmy, inferior, 019 
superior, 619 
bracmi artery, 619 
cervicalis artery, 611 
femoris artery, 658 
vein, 698 
linguas artery, 582 
Progressive faoi^ hemiatrophy, 
941 

Projection fibres of cerebral 
hemispheres, 828 
of cerebeUum, 778 
Prominence of facial canal, 986 
laryngeal, 1017 
Promontory of sacrum, 173 
of tympanic cavity, 986 
Pronator quadraius, 495 
teres, 491 

applied anatom v of, 492 
Pronepnric, duct, 1^6 
Pronephros, 146 
I'ronucleuB, female, 43 
mal^ 48 

Pro-otic centre of temporal 
bone, 210 

Proper fasciculus, anterior, 755 
lateral, 756 

Prosencephalon, 53, 93, 703 
Prostate, 1176 
applied anatomy of, 1177 
development of, 153 
isthmus of, 1176 
lobes of, 1176 

i lymphatic veasesls of, 73*1 
stnictnre of, 1176 
vessel s and nerves of, 1177 
Prostatectomy, 1J78 
Frosts uc ducts, orifices of, 1161 
})lcxu8. 700 
of nerves, 940 
].K)rtion of urethra, 1161 
sinus, 1161 
utricle, 1161 
veins, 700 
Prosthion, 260 
Protoplasm, 1 

Frc'toplasmic processes of | 
nerve-ce^ls, 36 I 

Protuberan'K, mental, 235 j 
occipital, external, 193, 248 
intern^ 194 ! 

Prussak, pouch of, 991 ! 

Psalterium, 824 
Pseudonucleoli, 2 
Fseudopodium, 20 
Psoas aosccss, 515 
major muscle, 513 
applied anatomy of, 515 
fascia covering, 513 
minor muscle 614 
Pterion, 261 
ossicle, 224 

Pterotic 'centre of temjioral 
bone, 210 

Pterygoid canal, 201, 243 
artery of, 690, 696 
nerve, of 868 
fissure, 201 
fossa, 201 
fovea, 237 
hamultis, 201, 243 
laminA, medial, 201 


Pterygoid lamina, lateral, 201 
muscles, 434 
plexus of veins, 674 
processes of sphenoid, 201 
Pterygoideus extemus, 434 
intemus, 434 

PteiygomandibulaT raphe, 431 
Fterygomaxillaiy fissure, 247 
Pterygopalatine canal, 225, 231 
fossa, 247 
sulcus, 201, 231 


435 
Ptosis, 978 
Pubic arch, 306 
ligaments, 390, 391 
symphysis, 390 
tubercle or spine, 302 
vein, 699 
Puboanalis, 471* 

Pubocapsnlar ligament, 395 
PubococcygeuB, 471 
Puborectalis, 471 
Pubovesicales, 1157, 1159 
Pudendal artery, accessorv, 
649 

deep external, 657 
superficial, 657 
internal, in female, 647 
in male, 646 
cleft or rima, 1191 
nerve, 920 
inferior, 920 
plexus, nervous, 925 
venous, 700 
veins, intcmal, 700 
Pudendum, 1191 
Pudio nerve, 920 
vein, internal, 700 
Pulmonary artery, 569 

applied anatomy of, 570 
atresia of, 570 
orifice of, in right ven- 
tricle, 558 
stenosis, ot 570 
circulation, 545 
emphysema, 192 
ligament, 1033 
lymph-glands, 737 
pleura, 1031 
plexuses, 878, 880 
ridge, 144 

semilunar valves, 559 
veins, 670 

openings of, in left atrium, 
560 

Pulmones, 1037 
Pulp, dental, 1057 
enamel, 1061 
splenic, 1202 

Pulp-cavi^ of teeth, 1057 
Pulvinar, 794 
Punota laorimalia, 977 
vasoolosa^ 813 
Pupil, 955, 958 
congenital atresia of, 105 
FupiUaxy membrane, 105, 960 
Purkinje, cells of, 781 
fibres of, 34 
Purple, visual, 14, 960 
Putamen, 820 
Pywmia, 26 

Pylephlebitis, suppurative or 
septic, 706 
fyrloiic antrum, 1099 
arteiy, 634 
glancub 1104 
orifice of stomach, 1098 
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Picric part of stomach* lOOd 
yalve* 1101 
vein, 706 

Fyopneomothorax, 1034 
F^rrhea alvoolaris, 1048 
F^salpinx, 1183 
Pyramid of cerebellum, 778 
of mcduUa oblongata, 762 
of temporal bone, 206 
of vestibule, 903 
Pyramidal ^ells of cerebral 
cortex, 829 
* decussation, 762 

eminence of tympanic ^ avity, 
987 

lobe of thyreoid gland, 1196 
process of palatine bone, 232, 
243 

tract, crossed, 755 
direct. 754 

Pyramidalis abdominis, 464 
nasi, 429 

Pyramids, renal, 1147 

Quadrangular lobules of 
cerebellum, 776 
Quadrate ligament, 376 
lobe of cerebellum, 809 
of liver, 1135 
Quadratus fern oris, 525 
labii inferioris, 430 
siipcrioris, 430 
Inmborum, 467 
fascia covering, 466 
plantso, 530 

Quadriceps femoris, 518 
Quadrigeminal bodies, 791 

Badial artery, 620 

applied anatomy of, 622 
branches of, 622 
peculiarities of, 622 
surface marking of, 1253 
collateral ligament of elbow- 
joint, 376 
of wrist-joint, 382 
fibres of cerebral cortex, 831 
fossa, 277 
nerve, 004 

applied anatomy of, 907 
deep branch, 906 j 

superficial branch, 905 
notch of ulna, 284 | 

recurrent artery, 622 i 

tuberosity, 282 ! 

Radiate ligament, 359 
sternocostal ligaments, 361 ! 

Radii lentis, 965 | 

Radiocarpal articulation, 380 
applied anatomy of, 384 I 
movements of, 384 
surface form of, 1246, 1250 ; 
ligament, dorsal, 381 ' 

volar, 381 j 

Radio-ulnar articulation, dis - 1 
tal, 377 

movements of, 378 
proximal, 376 j 

moveinents of, 378 
union, middle, 376 
Eaditu, 279 

applied anatomy of, 287 i 
o&&][Ue line of, 282 \ 

osaiflcaiion of, 283 i 

sigmoid cavity of, 282 [ 

stmotuie of, 283 ! 

surface anatomy of, 1245 
. tuberoai^ bf, 282 


Radius, ulnar notch of, 282 
Rami communioantes, 740, 887, 
928,930 

dorsalos linguss, 582 
Ramus colli, 871 
of mandible, 239 
of ischium, inferior, 302 
superior, 301 

maiginalis mandibulss, 871 
of 08 pubis, inferior, 303 
superior, 302 
Ranine artery, 582 
vein, 677 

Ranvier, crosses of, 39 
nodes of, 39 

Raphe, anococcygeal, 470, 472 
lateral palpebral, 420 
of medulla oblongata, 762 
of palate, 1048 
pt<^gomandibular, 431 
of scrotum, 1171 
Rathko, pouch of, 132 
Rays, medullary of kidney, 
1147 

Recess, epitympanic, 206, 984 
Henal, 1092 
nasopalatine, 946 
omental, inferior, 1092 
middle, 1092 
superior, 1092 
optic, 803 
pharyngeal, 1077 
pineal, 803 

I spheno-cthmoidal, 257, 945 
i tubotympanic, 108 
Recesses, peritoneal, 1097 
of Troltsch, 991 
Reoessus ellipticus, 903 
1 infundibufi, 802 
I pincolis, 803 
sacciformis, 377 
sphaericus, 993 
suprapinealis, 803 
Rectal ampulla, 1120 
columns of Moigagiii, 1122 
layer of pelvic fascia, 469 
sinus, 1122 

Rectococcygeal muscles, 1122 
Recto-uterine excavation, 1087 
1186 

folds, 11^ 

Rectovesical excavation, 1087 
folds, 1089 

layer of pelvic fascia, 469 
Koctovesicaies, 1157 
Rectum, 1120 
ampulla of, 1120 
anal part of, 1121 
applied anatomy of, 1 127 
development of, 139 
flexures of, 1120 
Houston’s valves of, 1 120 
lymphatic vessels of, 731 
relations of, 1121 
transverse Iblds of, 1120 
Rectus abdominis, 463 
sheath of, 463 
capitis anterior, 443 
anticus major, 442 
minor, 443 i 

late«ilis,443 
posterior maior, 449 
minor, 449 
femoris, 518 

appli^ s^tomy of, 519 
musf^Sof eyeball, 970 
Recurrent art^, interosseous, 
625 


Recurrent artery, radial, 622 
tibial, anterior, 665 
posterior, 665 * 

ulnars anterior, 625 
posterior, 625 

branches flrom deep volar 
arch, 623 

nerve (laryngeal), 880 
Red blood-corpuscles, 26 
origin of, 27 
nucleus, 789 

Reflected inguinal ligament, 
460 

Reflex actions, abnormaliUes 
of, 838 

Reflex, ciliospinal, 838 
Reflexes, deep or tendon, 838 
organic, 838 
superfleial or skin, 838 
Reflating media of eye, 964 
Region, anterior, of medulla 
oblongata, 762 
lateral, 763 
posterior, 763 
Regions of abdomen, 1084 
Reid’s base-line, 1213 
Keil, island of, 811 
Roissnor, vdhtibular membrane 
of, 999 

Romak, fibres of, 40 
Renal arteries, 6^ • 
calyces, 1145 
columns, 1147 
fascia, 1146' 
impression, 1136 
pelvis, 1146 
plexus, 1039 
pyramids, 1147 
sinus, 1145 
tubules, 1147 
veins, 703 

vessels, afferent and efferent, 
1150 

Kenes, 1143 

Reproduction of cells, 2 
by direct division, 2 
by indirect division, 2 
Resection of rib, 192 
Respiration, mechanism of, 456 
Respiratory apparatus, 1016 
development of, 142 
region of nasal cavities, 045, 
947 

Rcstiform bodies. 769, 779 
Resting stage of coll, 2 
Rcto canalis hypogiosKi, G86 
foraminis ovolia 687 
testis, 1107 

Reticular lamina, 1003 
layer of skin, 1010 
tissue, 12 

Reticularis alba, 771 
grisea, 771 

Reticulum, stellate, 1061 
Ketiform tissue, 12 
Retina, 960 

applied anatomy of, 9(|8 
central artery of, 597 
development of, 102 
fovea centralis of, 961, 064 
layers of, 961 
macula lutea of, 961, 964 
membraiia limitaus intemu, 
963 

externa^ 964 
ora sonata of, 960 
fttnictnie of, Ml 
supporting frambw<«koC, 963 
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RetiAacula^of i4p?jo}Ai’3d4 : 

pat^ar, 400 

paroneeal, 53^ v i 

]l^iaa«idum of. aiy)uate poplii^. 

teal ligainonit 402 
RetiOaortio lymph-glands, 720, 
Rctiootecai fossa, 1008 
llet^|landulax suleus of penis, 

B^roghaiyngeal 437, 

l^mphodands, 714 
spaee, 

Retropubic pad, 1155 
Betzhis, space of, 1100 
Bhinal Assure, external, OG 
Rhineucephalou, 00, 812 
Bhodf^n, or Tisual purple, 

Bhombencephalon, 53, 91, 761 
Bhombic grooves, 92 
lip, 92 

Bhinion, 260 
Bhoniboid fossa, 785 
, impression, 272 
ligoment, 306 
Bhomboideiis major, 480 
minor, 480 • 

Bibs, 185 

ap|)1ied anatomy of, 191 
articulations of, 358 
cervical, 166, 192 
common characteristics of, 
180 


development of, 71 
false, 186 

floating, or vertebm), 186 
fracture of, 191 
ossification of, 189 
peculiar, 188 
resection of, 192 
structure of, 189 
true, 185 

vertebral, or floating, 186,365 
vertebrochondral, 186, 364 
Rickets, 192, 309 
Rickety roswy, 192 
BicUVs bone, 424, 522 
Ridge, basal, of tooth, 1056 
ganglion, 53, 88^ 
genital, 14C 

lateral supracondylar, 270 
medial supracondylar, 276 
pulmonary, 144 
trapezoid or oblique, 271 
Ridges, bicipital, 274 
Bieders lolw^of the liver, 1142 
Bight atrioventricular orifice, 
558 


atrium of hcart>, 555 
margin of heart, 554 
ventricle of heart, 558 
Bima glottidis, 1024 
of mouth, 1046 
palpebrarum, 073 
pnaendal, U91 

Bing, abdoznjbal inguinal, 465 
external abdominal, 458 
femora], 654 
internal abdominal, 465 
subcutaneous inguinal, 458 
tympanic, 210 
Bings, fibrous^ of heart, 502 
Kiohu^ muscle of, 428 
Ripening of ovum, 43 
Bisoritts, 432 
Biyinus, ducts of, 1052 ' 
notch of, 91^ 


Bod-bipplars of retina, 962 
Bod-griumles of retina, 963 
Bods and cones, layer of, 
963 

Bo^ of Corti, 1002 
of retina, 9^ 

Rolando, fissure of, 806 
substantia gelatinosa of, 749 
tubercle of, 764 
Boiler, nucleus of, 771 
Boof-plate, 86 
Boot of penis, 1174 
Boot-sheaths of hair, 1013 
Boots of lungs, 1041 
of spinal nerves, 758 
of teeth, 1055 
of vertebral arohes, 161 
of zygomatic process, 203 
RosenmiiUer, fossa of, 79, 1077 
lymph-gland of, 723 
organ of, 147, 1181 
Rostrum of corpus callosum, 
814 

sphenoidal, 199 
Rotation, movement of, 345 
Botatores muscles, 448 
Bound ligament of liver, 1137 
of uterus, 1186 

Rubrospinal fasciculus (Mona- 
kow), 755 

Buffini, corpusoles of, 1007 
Bust-coloured layer of cere- 
bellar cortex, 781 

Sac, dental, 1061 
greater, of peritoneum, 1086 
lacrimal, 977 

lesser, of peritoneum, 1088 
preputial, 1174 
Hacoulated bladder, 1160 
Sa.cule, laryngeal, 1023 
of vectibuJe, 997 
sti «cture 998 
Saccus vaginalis, 352 
cndolyi'Lphatious, 997 
Sacral arteries, lateral, 649 
artery, middle, 042 
canal, 1 #5 
cornua, IVJ ^ 
crest, medial, 172 
ere ;ts, articular, 172 j 

lateral, 172 | 

flexure of rectum, 1120 
foramina, 171, 172 j 

groove, 1 /2 

group of pitiganglionio fibres, , 
930 

hiatus, 172 
lymph-glands, 725 
nerves, anterior divisions of, 
917 

posterior divisions of, 890 
nucleus of medufla spinalis, 
752 

plexus, 917 

applied anatomy of, 927 
tub^ssity, 173 
veins, 700 

middle, 701 i 

8[acrocoecygeal ligamfftts, 352, 
symphysis, 352 
Racrogenital folds, 1089, 1186 
: Saero-iliac artioul^io^, 3S8 
Ijgam^ts, 388, 389 
i Sacrosdatic ligament, great, 
389 

390 

' Socrospin^is, 445 ; . 


Sacroi^inous ligament, 390 
Sacrotuberous ligament, 389 
SocroTcrtebral angle, 171 
Sacnun» 171 
ala of, 173 
apex of, 176 

auricular surface of^ 173 
base of, 173 

differences between male and 
female, 175 
foramina of, 17l| 173 
inferior lateralmngle, 173 
ossification of, 178 < 

promontory of, 173 
stmetnie of, 175 
variations of, 175 
Saddle articulation, 345 
Sa^ttal fossa), of liver, 1134 
sinus,' inferior, 681 
superior, 660 
applied anatomy of, 681 
sulcus, 194, 211, 215 
suture, 212, 241 
Salivary glands, 1049 
parotid, 1049 
sublingual, 1052 
submaxiUary, 1051 
development of, 130 
stnicture of, 1052 
Salpingitis, 1183 
Salpingopalatine fold, 1076 
Snlvingophoryngeal fold, 1076 
Salpingopharyngeus, 1079 
Santonni, cartilages of, 1018 
duct of, 1132 
Saphenous nerve, ^916 
externa?, 923 
opening, 516 
vein, accessory, 696 
great, 695 
smaU, 696 

applM anatomy of, C97 
Sai’colemma, 30 
Sarcomefc, 31 
SsTcoplasm, 31 
Sarcostyles, 31 

Sarcous element of muscle, 32 
Sartorius, 617 
Sauroid blood-cells, 110 
Scala media, 998 
tympani, 990 
vestibuli, 996 
Scalene tubercle, 188 
Scalenus anterior, 444 
medius, 444 
posterior, 444 

Scalp, applied anatomy of, 427 
lymphatic vessels of, 716 
ScanhL 979 

Soapitoid fossa, 201, 243 
Scapula, 266 
acromion of, 268 
applied anatomy of, 271 
' coracoid process of, 269 
glenoid cavity of, 269 
inferior transverse ligament 
of, 369 
superior, 368 
ligaments of, 368 
osfidfloatkm of, 270 
spine of, 268 
structure of, 270 
surface anaton^ of, 1245 
Scapulas idatie, 271 
Scapular art^, postacior, 611 
tranavene, 610 
circumflex artery, 616 
nerved dofftal, 896. 
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^Apukr noich, 268 j Semicircular casalit* OM 

L 260 I ductci, 997 

fcapusorflhaftofhair, 1012,1014 1 atructace of, 008 

Scarpa; fascia of, 457 - * 


foramina of, 228, 243 
gi^lion of, 1004 
triangle of, 664 
Bohlmm, canal of, 962 
Schregor, lines of, 1069 
Schwann, white substance of, ! 
38, 39 . 

Scia^ arteiX I 

foramen, greater, 390 
lesser, 390 
nerve, 920 

^ applied anatomy of, 927 
small, 920 
notch, greater, 301 
lesser, 301 
veinB, 700 
Sclera, 951 

applied anatomy of, 967 
Btrooture of, 952 
Scleral spur, ^ 

Scleratogenous layer, 00 
Solerocomcal junction, 962 
Sclerotome, 69 

Scrotal arteries, posterior, 647 
hernia^ 1125 
nerves, posterior, 920 
Scrotum, 1171 
applied anatomy of, 1172 
dart'Os tunic of, 1171 
raphe of, 1171 
skin of, 1171 

vessels and nerves of, 1172 
Sebaceous cysts, 428 
glands, 1014 

development of, 85 | 

Second cervical nerve, anterior ! 
division, 891 • 

posterior division, 888 j 

cervical vertebra, 166 
cuneiform bone, 333 ; 

ossiOcation of, 338 | 

metacarpal bone, 295 | 

metatarsal bone, 337 i 

rib. 189 I 

Scscondary areote of l)onc, 23 1 

curves of vertebral column, ; 

179 ; 

dentine, 1059 ' 

labial groove, 129 
lamclls, 19 

meatus, 108 | 

oOcyte, 44 I 

sensory fasciculus, 756 I 

spermatocytes, 45 i 

spiral lamina, 996 
tympanic membrane, 986, 996 
Secretions, internal, 1195 i 

Seessel’s pouch> 132 
Segments, intemodal, 39 
of Lanteimaqu, 39 
medullary, 39 


Smuihl&at arteries> 596 
bone, 291 

fibrocartilages of knee, 404 
gan^ion of codiac plexus, 938 . 

of trigeminal nerve, 853 
lobule, inferior, 778 
sup^ior, 777 j 

notch of ulna, 284 ! 

valves, aortic, 501 \ 

pulmonary, 559 

Semimembranosus, 527 i 

Seminal vesicles, 1169 j 

SemispinaUs capitis, 448 j 

cervicis, 447 ; 

dorri, 447 | 

Semitendinosas, 527 | 

Sensations, general, peripheral i 
tenninations of nerves of, . Shin, 320 
1005 ^ I Shingles, 760 

Senses, organs of, 942 1 Short bones, 160 

development of, 85 | fibular collateral ligament of 

special, peripheral organs of, j knee-joint, 402 

942 I gastric veins, 705 

Sensory decussation, 767, 836 ) ShcMilder, muscles of, 485 
neurons. Intermediate, lower j Shoiikter-blg^, 206 


Shaft of hair, 1012, 1014 
Sheath of arteries, 546 
carotid, 436 • 

denrinal, of Neumanh, 1058 
epitbeliai, 1063 
femoral, ^3 
medullary, 39 

mitoohondrial, of spermato- 
2o5n» 45 

nucleated, of Schwann, 38 
primitive, 38, 39 
of rectua abdominis, 463 \ ' 

Sheaths* fibrous, of flexor ten- 
dons of fingers, 493 
of toes, 539 
mucous, 343 

of tendons around ankle, 
5.36 

on back of wrist, 503 
on front of wrist, 501 


and upper, 836 
paralysis, 838 
tract, 836 

Separation of placenta, 68 
Septa, intersegmental, 69 
placental; 66 
Septula testis, 1166 
upturn, aortic, 117 
of bulbuB cordis, 117 
canalis musculotubarii, 209, 
988 

crural, 654 
femoralo, 654 
inferius of heart, 117 
iiitonnedium, 115 
lateral inteimuscular, of arm, 
488 

medial intonnusoular,of arm, 
488 

mobile nasi, 944 
nasi, 256 
orbital, 975 
pectiniforme, 1173 
I pcUucidum, 826 

cavity of, 826 
of penis, 1173 
' primum, 115 

I secundum, 315, 508 
I ^utiuin, 115 

j subarachnoid, 844 
of tongue, 1070 
transversum of fmtus, 113, 
143 

; of semicircular duct, 998 
I of tmneus artoriosas, 117 
urorectal, 139 
ventricular, 117, 662 


Segmental arteriee, dMsal, 121 j Seqneiitrum. 25 


latetjal, 121 
ventrah 121 

Segmentation of cells, 41 
cavity, 419 

of fmih^edovum, 48 
imdeuii^48 

Segdi^ita, prihritive, 55, 69 
signal, 7l6 

Sc^lm turcica, 197, 253 
Seinicaiialie in* tensoris tym- 
paid, 209, 087 
tttbffi anditives, 260 


Serosa, or false amnion, 61* 
Serous glands of tongue, 1070 
pericardium, 551 
Semtaa* anterior, 484 

applied anatomy of, 485 
magnua, 484 
posterior inf^rkxr, 451 
superior, 451 

. Sertoli, supporting cells of, 1166 
BewnoidixmeN, 340 
Seven^ cervical vertebra, 166, 
178 


Shoulder girdle, 265 
joint, 369 

applied anatom]( of, 372 
bursm in rolatiou to, 370 
movements of, 371 
vessels and nerves of, 371 
Sibson^s fascia, 1033 
Sight, organ of, 951 
Sigmoid arteries, 6.38 
cavity of radius, 282 
greater, of ulna, 284 
k^r, of ulnn> 285 
colon, 1118 
»•(' ^jsocolon, 1096 
sinus, 682 

Simple ^uamouB epithelium, 4 
Siuo-atrial node, 564 
Sinus or sinuses-*- 
accessory of nose, 049 
aortic, 561 
cervicalis, 78 
confluence of, 194 
coronary, 5.36, 671 
valve of, 556, 671 
costomediastinal, 1034 
cranial, 198* 
of dura mator, 680 
basilar plexu^ 686 
cavernous, 6^ 
circular, 686 * 
confluence of, 683 
intercavernous, 085 
lateral, 681 

longitudinal, inferior. 681 
superior, 680 
meningeal, middle, 680 
occipital, 682 
petrosal, inferior, 086 
superior, 686 
petroaquamouH, 682 
sagHta), inferior, 681 
superior, 680 
sigmoid, 882 
sphenoparietaJ, 683 
straight, 681 
transverse, 681 
of epididymis, life 
of extenial jngnhM^ vein, 675 
frontal, 216, 949 
interoavemoos, 685 
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Sinus or sinuses {tonU) 
lateral, 681 

mardnal, of placenta, 67 
maxillaiy, 226, 960 
of Morga^i, 1078 
occipital, 682 

of pericardiurn, oblique, 552 
transverse, ^2 
petrosal, inferior, 686 
superior, 686 , ^ 

petroiquamous, OSCi ' 
phrenioocostal, 1033 
prostatic, 1161 
piriformis, 1077 
re(;tal, 1122 
renal. 1147 
sagittal, inferior, 681 
superior, 680 
septum, 115 
ogmoid, 682 
sphenoidal, 198, 94i) 
sphenoparietal, 683 
straight, 681 
tarsi, 320. 331 
tonsillaris, 78, 1072 
torcular Herophili, 683 
transverse, 681 
urogenital, 163 • 
of Valsalva, 659, 561 
venarum, 5156 
venosus^ 113 
development of, 1 13 
aolenp, 062 

Sinusoids, 122, 189, 648, 1139 
Skein, or spirem, 2, 3 
Skeleton, 160 
appendicular part 8f, 160 
axial part of, 160 
development of, 69 
Skene^s uucts, 163 
Skin, 1008 
appendages of, 101 1 
hairs, 1012 
nails, 1011 

sebaceous glands, 1014 
sudoriferous or sweat 
glands, 1014 
arteries of, 1011 
eorinm or cutis vern, 1010 
development of, 84 
epidermis oi cuticle, 1008 
epitrichium, 84 
finger-prints of, 1008 
nerves of, 1011 
papillary layer of, 1011 
reflexes, 838 
reticular It^jxr of, 1010 
stratum comoum, 1010 
gemiinativum, 84, 1000 
granulosum, 1009 
lucidum, 1010 
mucosum, 1009 
Skull, 193 

applied anatomy of, 262 
bones of, 193 
capaciity of, 200 
chordal part of, 74 
craniology, 260 
deformities of, 264 
development of, 72 
differences in, due to age, 268 
exterior of, 241 
fossa, anterior, 262 
middle, 252 
posterior, 264 
fractures of, 263 , 
interior of, 262 
norma ha^s* 241 


Skull, norma frontalis, 248 1 

lateralis, 244 | 

occipitalis, 247 I 

verticalia, 241 
prechordal part of, 74 
sexual differences in, 269 
surface anatomy of, 1209 
tables of, 161, 196 
upper surface of base of, 262 ; 
Skaiheap, inner surface of, j 
252 j 

Sleep palsies, 906 
Slightly movable joints, 344 
Small intestine, 1105 
duodenum, 1106 
ileum, 1108 
jejunum, 1108 
aggrogated lymphatic no* i 
^ules of, 1113 
circular folds of, 1110 
glands of, 1112 ! 

lymphatic vessels of, 731 { 
Meekers divorticulum of, ' 
57, 1100 I 

mesenteric part of, 1108 
Peyeris glands of, 1113 
solitary lymphatic nodules < 
of, 1112 > 

structure of, 1100 i 

valvulae conniventes of, , 
1100 I 

vessels and nerves of, 1113 
villi of, nil . 
cardiac vein, 672 
saphenous vein, 696 
sciatic nerve, 020 
wings of i^hcnoid, 200 
Smaller occipital nerve, 891 
superficial petrosal nerve, 
991 

Smallest cardiac veins, 672 
Smegma praeputii, 1174 
Smell, O' gan of, 943 
Soft palate, 1048 

apouc irosis of, 1073 
arches or pillars of, 1072 
muscles of, 1074 
paralysis of, 1043 
Solar plexus, 9*^7 
' Sole of foot, mu8clf<t of, first 
‘ layer, 538 

fourth layer, 540 
second layer, 639 
third layer, 539 
Soleus, 530 

I Solitary cells of medulla 
spinalis, 752 

I lymphatic nodules, 1112, 1123 
Somatic cells, 41 
: fibres of spinal nerve, 887 

' layer of mesoderm, 52 

Soinatopleure, 63 
Space of Bums, 436 
epidural, 841 
ofNuel, 1003 
popliteal, 660 
preseptaJ, 968 
j retropharyngeal, 437 
I Space of Betzius, 1160 
; subdural, 842 
I suprasternal, 436 
I Spaces of angle of iris, 956 
I cavernous, of penis 1176 
I corneal, 964 
of Fontana, 966 
intercostal, 186 
I intecglobular, 1069 
I medmlary, 23 


Spasmodic torticollis, 439 
l^tia zonularia, 965 
Special dental germs» 
end-organs of nerves, 
types of cerebral cortex, 83* 
Spermatic artery, external, 6'>2 
Spermatic cord, 1170 
coverings of, 1171 
structure of, 1171 
fascia, external, 469, 1171 
nerve, external, 913 • 
plexus of nerves, 939 
applied anatomy of, 930 « 

veins, 702 

applied anatomy of, 703 
Spermatids, 45, 1166 
Spermatoblosts, 1166 
Spermatocele, 1168 
Spermatocytes, 46, 1166 
Spermatogonia, 45, 1166 
Spermatozoon, 44, 1166 
acTOSomo of, ^ 
anterior contriole of, 44 
axi^ filament of, 45 
body or connecting piece of, 
44 

head of, 44 

mitochondrial sheath of, 45 
neck of, 44 
perforator of, 44 
posterior centriole of, 44 
spiral thread of, 45 
tail of, 45 

terminal disc or ring of, 44 
Spheno-cthmoidal recess, 257, 
946 

suture, 252 

Sphenofrontal suture, 245, 252 
Sphenoidal air-sinuses, 198, 949 
bone, 197 

applied anatomy of, 203 
Ixxlyof, 197 
great wings of, 199 
ossiticatjoiA of, 202 
pterygoid processes of, 201 
small wings of, 200 
conchae, 201 
crest, 198 

process of palatine bone, 232 
of seutal cartilage of nose, 
944 

rostnim, 199 

Sphcnomandibular ligament, 
347 

Sphenomaxillary fissure, 246 
fossa, 247 

Sphenopalatine artery, 590 
foramen, 232 
ganglion, 868 
nerves, 857 
notch, 232, 233 
Sphenoparietal sinus, 683 
suture, 245 

Sphenopetrosal suture, 262 
Sphenosquamosal suture, 245 
Sphere, attraction, 2 
Sphincter ani extemiis, 472 
intemus, 473 
pupilhc, 967 
recti, 471 

urethitB membranoceos in 
female^ 477 
in male, 476 
vaguus, 476, 1190 
vesicfD, 1169 

Spigelian lobe of liver, 1 135 
Spina angularis, 199 
bifidOsi 
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Werieii*T< 
eoNiiii, 161, 179 
. eord, 746 '. , 
dnra mater, iS41 
«w>6l», 7^ 886 
etructure ttf. 885 

844* 

myelitis, 7db . 

neyves, 
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^terior divirioitao^ 860 
development of, 88 

CPAnoliA j>4! OOiff 


y«ii^708 

445 
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gpot, germJn4l..4l6 42^ 

gangKa o4 ggs ’ ^og-tooth, of maUeiiH, 

POfitwior divisions of, 857 fliilAnLi I 

roots of. 758 8Ait » ooi ^^icra}, 853 j 

straotur© of, 887 I i 

sympathetic fibres of 887 ' 

visceral divisionBof ^ ^ I * I 

iralvAio 1 ^>mph-gland of, , 


via4;uniaaiTi8l0XI6 0f. 
paralysis, infant ih), 760 
segments, 746 
c^maliH capitis, 448 
cervicis, 447 
dorsi, 447 

Spindle, acbromaHc, 2 
aortic, o73 
neuromuscular, 1007 
neiirotendinous, IQO? 
c^ine, ethmoidal irf? 
fiontaJ, 214 
iscliial, 301 
mental, 235 

nasal, anterior, 224, 220 
posterior, 230, 243 
pubic, 302 
of scapula, 268 
supromeatal, 210, 246 
tibial, 318 
trochlear, 215, 249 
Spines, iliac, 301 

1 I* 


I Stalks, optic, 94, 102 
I of Ihalamus, 796 
Stapedius, 991 
j nerve to, 870 
j Stapes, 990 

an^ar ligament of base of, 

base, 990 
crura, 990 

d^o^ent of, 108 
neck 990 

8 toIhtec«llgofKup«er. 1130 
j gangbon, 9te 
ligament, 350 
reticulum, 1061 
1 « kidney, 1150 

; °*^7j®** pnbttonaiy oriftce, 

^^S.7f«eie«I„, duct of. I960 

tenor, 766 «n- j ‘o!«“;o* of 228, 243 

g^^Jepid ligament, 369 • St*^!lSifl82 

- i 8tKSe?iM“ 

tubule of ■ Stwnoc^ioular articuUtion. 

Spirwn or skem* £ a ^ , 

Splanchnic layer of monfiflAi-iii. ' ■'Ppbed anatomy of, 366 

53 ^ * mesodmii, ; movements of, 366 

nme. greater. 934 

lesser, 034 Haamcnt* 3 iir 

low^, 934 
Splanchimtegiy, 1016 
opwiolmopteore,ia 
BpleenonBmt, 1200 : 

ffiSEJsryiS,*®* 

^elppmmttqi; 141 

'*0f oMifteritiM, 



^ wuaAWUQ gUIOii 

ligament^ 366 
[ Stotiocleldomastoid arteries, 
j 580^ 585 

j StwMeleWomaatoidami mnaole, 

: SfmtuMoatai articulatiuns, 361 
hgament^, mterartioular, 363 1 
r radiate. 802 . I 

i a<ufaeeof]Mart,564 
' wnnobjmidnua mueele, 4il 
S^j^cifdlae ttgamenta. 

muabl^ 44j( 

oi i?i 


fflOfitt ^jum of, la ' 

' OhMeatlonuf, 184 
,«*rb9^of. 184 ,, ■ 

rfSfc ®” - 

ca^jto^dsof, U04 
oriOee of, 1008 " ' 

oompobhn^-paitsof, im\ 
ourva*ai«$ of, 1099 - ' - 
.wel0pmentof,.133 
lundus o:^ 1100 
futtdns,<|^dsof, 1104 
gartric canal 1101 

inoimtra eardlaoa of, I099 . : 
, of, 1099 

interior of, 1101 
lymphatia,y««i©l4 oi; 739 
mucous taembrano of, 1 103 
muscular coat 1102 
openings of, 1098 
position of, 1009 
pyloric aatrOm, 1099 
glands, 1104 
orifice, 10^ 
valvo, I JOl 

shape and position of, 1098 
structure or, 1101 ' 

Hulw intefmedius of, 1099 
surface markiitf of, 1236 
surges of, l(m 
vessels and u^es of, 1105 
Stomodfleum, 129 
Strabismus, 852, 973 
StriOght sisMis, 681 

gratified epithelium; 6 
Stratifonm fibrOoartiJage, 17 
Stratum cinereuin, 792 
comiiootiim of decidua^ 64 
cornoum, 1010 
uorsale, 790 

fibrosum of articular cap, 
sule, 342 ^ 

germinativum, 1009 
granulosum, 1009 
intermedium of ehoriofd, 957 
of enamel organ, 1061 
lacmiosum, 833 
lemniscJ, 702 
lucidum, 1010 
mucosum, 1009 
o(»ticum of retina, 962 
of superior coificulos, 792 
radiatum, 833 
spongiosum of dedidoa, 64 
synoviale of articular can* 
sule, 342 ^ 

ronale, 792, 794 
Btr^, primitive, 50 
Stna terminalis, 794, 823 
vascularis 1000 
Strios acustioffi, 786, 873 
S^^rom or tJbicmitee. 

i kmgi^iiwJ, and 

Medkd. 813 
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SUioiceof i^^xy, 894. ! * 

8*5^978 — ^ 

musoH 108$ 
part; of .afyloSd pto- 
oea^ 210 

Stylobynid ligameni^ 441. 

from facial^ 870 
StybhToidw smsciH 440 
Styloid ncdtefT^ Obola, 222 
of vadititls 283 ^ 
of temporal bone, 910, 243 
ofu]im»286 

Stylomandibular ligamenit^ 347 
436 . 

Stylomaatoid artmy, 586 
foramen, 208, 2 & 
St;rtopliaz]TOea8, 1079 
Su banconeua muacle, 490 
Soborachnoid cavity, 842 
ciatemn, 843 
septum, 844 
Subastragalar amputation, 340 
Subcallosal gyru^ 813 
Subcatdinal veins, 124 
Subclavian artery, 602 

applied anatqmy of, 604 
branches of, 600 
iirst part of left, 002 
,Qf right, 602 
peciiliariiios of, 604 
second portion of, 603 
suifaco oiiqiforny of, 121 1 
marking of, 1224 
third portion of, 604 
lymphatic trunks^ 712 
mangle, 598 
vein, 600 

Subclavius muscle, 483 
nerve to, 887 
Subcostal angle, 181 
arteries, 630 

Subcostales muscl^ 461 ! 

Subcnireus or articularis genus I 
muscle, 519 

Subcutaneous inguinal ring, 
458 

Subdural space, 842 
Bub^ithelial plexus of cornea, , 

Subinguinal lymph-glands, <22 
Sublingual artery, 582 
gland, 1062 

vessels and nerves of, 1062 
Sublobular vdns, 703, 1139 
SubmaxUlary duct, 1062 
ganglionf 863 
gland, 1051 

vessels and nerves of, 1052 
lymph-glands, 714 
triangle, 592 
Submental artery, 684 
Iwph-glands, 714 
Submaeosa, plexus of, 1114 
Subnasal point, 260 
Subocd{Atal muscles, 448 
. nerves anterior division, 891 
posterior division, 887 ' 

triangle, 440, 607 
. Subpailetcd 8 iileu 8 » 800 
' SubpcritOiieal. connective tis- 
su^466 

iSujMsural mediastimd plexus, 
^£ktbp«ibio Ikttfnmity ^ , 

727- 

SubeartM«d piBXOS|, 9l6 .. 


Sttbseapilar artery, 616 
fimia, 486 
fosiMk 266 
nerves, 898, 899 
Sbbsoapuiaris muscle^ 486 
j^btfarous areolar tissue, 1086 . 
.fi^tonce, anterior perforated, 

~ 813 

fibrinoid of placenta, 66 
posterior perforated, 787 
Substantia adamantina^ 1059 
compaota, 17 
ebumea, 1059 
ferruginosa, 786 ‘ 
geJatmosa centndi^ 750 
of Rolando, 749 
nerve^cells in, 752 
innominata of Meynert, 822 
nigra, 789 
ossea, 1059 
propria of cornea^ 954 
reticularis alba, 771 ' 
grisoa, 771 
spongiosa, 17 
Subtalar dislocation, 418 
Subthalamic tegmental region, 
794,798 

Successional permanent teeth, 
1063 

Suctorial pad, 431 
Sudoriferous glands, 1014 
development of, 85 
Siil'-i and fissures of f*crebral 
hemisphere, 806 
development of, 88 
of medulla spinalis, 747 
of medulla oblongata, 762 
Sulcus or sulci — 
antorior longitudinal of heart, 
663 

' antihelicis transversus, 981 
arteria vcrtebralis, 164 
basilaris, 773 
calcanei, 331 
carotid, 198 
centml, 806 
chiasmatis 19V 
cingulate, 807 > 
circular, 8C»7, 811 
i ucuJaris corneie, 963 
coroiiaT'.% of hcai'c, 553 
ethmoidal, 222 
frontal, 808 
habenulse, 794 
Harrison's, 192 
horizontal, of cerebellum, 
776 

inferior petrosal, 196 
intermedins, of ^mach, 1099 
intertubcruular, of humenis, 
274 

intrapariotai, of Turner, 800 
lacrinxslis, 225 
lateral cerebral, 806 
lateral, of ceteWl peduncle, 
787 

limitans insuke, 807 
of rhomboid fossa, 786, 786 
lunatiis, 809^ 
malleolar, 32| t 
maUeolax^ of tympanic ring, 

me^l frontal, of Rberstaller, 

8or ' : 

median, of riimnbcad fossa# 
785'- 

oftotigoei lOiSiS 
of Mpnr(v 94, 8 ^ ^ 


Sulcus or sulci (cpni.) 
mylohyoid, 236 
nervi radialie, 276 
ulnaris, 278 
occipital, lateral, 809 
transverse 194, 809 
oculomotor, 787 
olfoctoiy, of niwal cavity, 946 
of frontal lobe, 809 
orbital, 808 
parallel, 810 
parafliedial, 808 * 
parolfactory, afiterior, 813 
petrosal, imerior, 196 ' 

postcentral, 809 
posterior longitudinal, of 
heart, 563 

pre-auricular, of ilium, 300 
precentral, 808 
pterygopalatino, 201, 231 
radial, 276 
retroglandular, 1174 
sagittal, 194, 211, 215 
siti^oideuB, 205 
spiralis extemus, 1000 
intomuB, 1001 
sulmariotal, 809 
tal];329 
tem|]oral, 810 

terminals, of right atrium, 
555 

of tongue, 1065 
transverse, 194 
tubsc auditivsD, 200, 244 
tympanic, 209, 982, 986 
vallecul®, 777, 778 
Superaddod permanent teeth, 
1063 

Superciliary arches, 214, 248 
Snpeificijl anterolateral fasci- 
culus, 766 

branch of radial nerve, 005 
cervical artery, 611 
]ymph*glands, 716 
muscles, 437 
epi/ 3 a 8 triQ artery, 657 
cxt<‘mal pudendal urtery, 
657 

iliac circumflex artery, 657 
palmar arch, 627 
peronseal nerve, 925 
petrosal nerve, greater, 858, 
869 

lesser, 870, 991 
temporal artery, 586 

applied anatomy of, 687 
vein, 674 

transvorse fasciculi of hand, 
605 

volar arch, 627 
artery, 622 

Superior ganglion of glosso- 
pharyngeal nerve, 875 
laryngeal arte^, 580 
na^ concha, 219 
nuchal line, 193 
orbital fissure^ 200, 261, 253 
petrosC^l slm^ 686 
pubic ligament,. 390 
sagittal rinuB, 680 
thyreoid artery, 580 
transverse ligament of 
sci^olo^Sw. 
tyrnpamc aateiy,,5l9 
vena cava; 691 

mnfog info .. 

44rim^ 556 
veineal ari^;^ 
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dapinator muscle, 4^8 Su 

imigas muscle, 498 
Supporting cells of Henaen, 1003 
of Sertoli, 1166 
, framework of retina, 963 
Supra-auricular point, 261 
Supfacallosai gyrus, 813 
Suprat'laviciilar branches of 
brachial plexus, 896 
nerves, 893 

Supracondylgr process, 277* 
ridge, lateral 276 
m medial, 276 
Supraglenoid tuberosity, 269 
Snivahyoid aponeurosis, 440 
lymph-glands, 714 
muscles, 439 
triangle, 593 

Supramandibular lymph-gland, 

714 

Supramarginal gyrus, 80i) 
Suprainastoid crest, 203 
Suprameatal spine, 210, 246 
triangle, 203 
Supraorbital artery, 598 
foramen, 2J4 
margin, 214 
nerve, 855 

notch, or foramen, 214, 248, 

249 

vein, 672 

Suprarenal arteries, inferior, 

640 

middle, 639 
superior, 641 
glan^, 1203 
accessory, 1206 
applied anatomy of, 1207 
development of, 101 
lymphatic vessels of, 732 
structure of, 1206 
vessels and nen'cs of, 1206 
impression, 1136 
plexus, 939 
veins, 703 

Suprascapular artery, 610 
ligament, 368 

nerve, 897 | 

Supraspinal ligament, 352 | 

Suprospinatoiis fossa, 267 I 

Supraspinatus muscle, 487 ! 

Suprasternal space, 436 
Supratonsillar fossa, 1072 
Supratrochlear foramen, 277 
lymph-glands, 718 
nerve, 865 

Suxitavesical fovea, 1125 | 

Sural arteries, 662 i 

cutaneous nerve, lateral, 924 ! 
medial, 923 
nerve, 923 

Surface anatomy and surface 
markings of— 
abdomen, 1233, 1235 
regions of, 1^35 
surface lines of, 1235 
accessory nerve, 1224 
acoustic meatus, external, 
1221 

acromioclavicular joint, 
1246, 1250 
adductor capel, 1261 
a psJ canal, 12^ 
ankle-joint, 1256, 1260 
aorta» abdominal, 1233, 
1240 ^ 

ascending, 12Sl i 

aortic arch, 1233 ' 


Surface anatomy and surface Surface anatomy and surface 
markings of {cent , ) markings of (coat.) 

arteria profunda brachii, glutssal fold, 1254 

1253 great auricular nerve, 1224 


fomoris, 1262 
aoscultation, triangle of, 
1229 

axittary artery, 1249, 1252 
nerve, 1254 
back, 1224, 1226 
biceps brachii, 1248 
bones of cranium, 1209 
of lower extremity, 
1254 

of thorax, 1227, 1229 
of upper extremity, 
1244 

brachial artery, 1249, 1253 
plexus, 1224, 1249 
brain, 1214 

Bryant*s triangle, 1260 
caecum, 1237 

calcaneocuboid joint, 1260 
calcaneus, 1255 
carpal bones, 1246 

caruncula lacrimalis, 1221 
central sulcus, 1214 
cerebellum, 1214 
cerebral hemisphere, 1214 
cervical cutaneous nerve, 
1224 

clavicle, 1244 
coeliac artery, 1240 
colic flexure, left, 1238 
right, 1237 

colon, ascending, 1237 
descending, 1238 
tmns verse, 1238 
common carotid oxtery, 
1211, 1223 
left, 1233 
iliac artery, 1240 
peromcal nerve, 1269, 
1263 

coracobrachial is, 1248 
cranium, 1213 
deep peronical nerve, 1263 
deltoidcus, 1248 
diaphragm, 1230 
dorsalis pedis artery, 1259, 
1262 

duodenum, 1237 
c* 4 ir, 1221 

elbow -joint, 1246, 1250 
epigastric artery, inferior, 
1240 

fossa, 1228 

external carotid artery, 
1211, 1224 

main branches of, 1224 
iliac artery, 1240 
eye, 1220 
face, 1216 
facial artery, 1224 
facial nerve, 1224 
femoral artery, 1259, 1262 
triangle, 1261 
femur, 1254 
fibula, 1255 
fissures of brain, 1214 
of lungs, 1231 
fold of buttock, 1254 
fold of groin, 1233 
frmital air-sinus, 1216 
galt-biaddw, 1239 
Sutseal arteiy, * inferior, 
1262 

superior, 1261 ' 


head and neck, 1209 
heart, 1231 
coronarv sulcus, 1232 
longitudinal sulcus, an- 
terior, 1232 
orifices of, 1232 
Hessclbach's triangle, 1240 
hip-bones, 1254 
hip-joint, 1256, 1260 
humeral circumflex arteiy, 
1253 

humerus, 1245 
hydid bone, 1210 
ileocolic junction, 1 237 
iliac artery, common, 1240 
external, 1240 
furrow, 1233 
infrosternal notch, 1228 
inguinal rings and canal, 
1235 

imiominate artery, 1233 
vein, left, 1233 
right, 1233 

intornal, pudendal artery, 
1262 

interphalangdil joints. 1247 
intestines, 1237 
joints of hand, 1217 
of foot, 1260 • 

jugular notch, 1228, 1230 
vein, anterior,. 1 224 
external, 1^24 
internal, 1224 
kidneys, 12:15, 1239 
knee - jointrKSfr 1 260 * 

lacrimal puneta, 1221 
sac, 1221 

largo intestine, 1237 
larynx, 1212, 1220 
lateral cerebral fissure, 

1214 

plantar artery, 1263 
thoracic artery, 1253 
ventricle of brain, 1216 
latissimus dorsi, 1 247, 125 1 
left common carotid ar- 
tery, in thorax, 1233 
lesser occipital nerve, 1224 
tinea nigra, 1233 
scMnilunaris, 1233 
liver, 1235. 1238 
lower extremity, 1254,1259 
lumbar triangle, 1233 
lungs, 1231 * 

mamine^ 1229 • 

mammary artery, interna), 

1233 

maxillary artery, external, 

1212, 1216 
sinus, 1216 

medial plantar artery;, 1263 
median nerve, 1253 
medulla spinalis, 1226 
mesenteric artery, inferior, 
1240 

superior# 1241 
metacarpal ^nes, 1246 
motacaipoplialangeal 
joints, 1247 
metatarsal bones, 1255 
metatarsophalaoMl 
joints, 1260 ^ 
miacarpal artioitlation, 
1246 


O.A. 
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8urfaxse anatomy and »iirface 
maxldn^ of (co7i«.) 
middle meningeal artery. 
1216 

mouth, 1217 

mucous jdieaihs around 
ankle, 1261 

of wrist and hand, 1252 
muscles of abdomen* 1233 
1235 

of aim, 1247 
. of back, 1225 
of bnttock, 1257 ! 

of foot, 1258 
of forearm, 1248 
of hand, 1249 
of head and neck, 1210, 
1223 

of leg, 1258 
of thigh, 1257 
of thorax, 1220 
of upper extremity, 
1247, 1250 

nasal part of pharynx, 1 220 
naeolacrimal dnet, 1221 
navicular tuberosity, 1255 
neck, 1223 
N^laton’s line, 12^K) 
nose, 1217 

occipital«artery, 1212 
cesophagns, 1231 
palatine arches. 1218 
, tonsil, J219 
palmar or volar aixihcs, 
125? 

palitcbsal fissure, 1220 
pamreas, 1235, 1239 
parotid duct, 1217 
i gla*'*^, ^-17 1 

patella, 1254 | 

pcctoralis major, 1247, ! 

1251 I 

minor, 1247, 1252 
pelvis, 1254 

periuecum, 1241, 1242 i 

perona^al artery, 1262 
nerves, 1263 
phalanges of foot, 1256 
of hand, 1246 
phitJUi'* neive, 1224 
plantar arch, 1263 j 

arteries, 1263 | 

pleune, 1230 
plica semilunaris, 1221 
popliteal artery, 1259, 
1262 

fossa, 1261 

poatf^or tibia I artery, 
1%59, 1262 

pudendal artery, internal, 
1262 

pupi}, 1221 

radial artery, 1249, 1253 
nerve, 1264 

radiocarpal joint, 1246, 
1250 

radio-ulnar joints, 1246 
radius, 1245 
rectum, 1242 
Heid's base line, 1213 
renal arteries, 1240 
Eolandic lissure, 1215 
sacro-iliae articulation, 
1260 

eaphenous veins, 1263 
scapula, 1245 
scapular circumflex artery, 
1253 


6arface anatomy and surface 
markings of (coni.) 
sciatic nerve, 1263 
aerratuB anterior, 1 248 
shoulder- joint, 1246 
small intestine, 1237 
space of Traubc, 1237 
apinal nerves, 1227 
spleen, 1239 

sternal angle, 1228, 1230 
stemoclavicttlar joint, 
1246 

stcmocleidomaRtoideus, 

1211 

sternum, 1227 
stomach, 1236 
strke gravidarum or albi- 
cantes, 1233 

subclavian artery, 1211, 
1224, 1249 

subdural and subarach- 
noid cavities, 1226 
Bubmaxiliary gland, 1212 
subscapular arter}', 1253 
supraclavicular nerves, 
1224 

supraorbital artery, 1212 
Sylvian fissure, 1214 1 

talonavicular joint, 1260 
talus, 1255 

tarsometatarsal joints, ! 
1260 

tarsus and foot, 1255 
temporal artery, super- 
ficial, 1212 

temporomandibular joint, 
1210 

tendinous inscriptions of 
rectus abdominis, 1233 
thoraco-acromial artery, 
1253 

thorax, 1227, 1229 
surfact lines of, 12ii0 
tibia, 1255 

• ibial arterv, anterior, 
1259, 1262 

jmsterkv, 1259, J202 
nerve, 1263 
10 pie, 1218 

tracnea, 1212, 1231 
transpy’ uic line, 1235 
tronstubercular line, 1235 


Surface anatomy and surface 
markings of (cofU,) 
volar or palmar arches, 
1253 

wrist and hand, 1244 
wrist-joint, 1246, 1250 
xiphoid process, 1228 
Surfaces of bones, 161 
jugular, of temporal bone, 208 
Surgical emphysema, 1043 
neck of hiiDieru|^ 271 
Suspensory ligaipfiit.of axilla, 
481 

of eye, 972 
of lens, 965 
of ovapr, 1179 
of penis, 1174 

Sustentacular fibres of Muller, 
963 

Sustentaculum lienis, 1096 
tali, 331,332 
Sutuia, 343 
haimonia, 343 
serrata, 343 
squamosa, 343 
Sutural bones, 224 

ax>plicd anatomy of, 224 
ligament, 342 
Suturo, coronal, 241 , 245 
frontal, 213 
fronto-ethmoidaJ, 252 
frontomaxjllai^% 2,50 
lombdoidal, 195, 212, 241, 
248 

metopic, 213 
occix)it(Jmastuid, 245 
parietomastoid, 245 
pelro-occipital, 254 
])etrospbenoidal, 244 
]>etrosquamou.H, 204, 206, 209 
sagittal, 212. 241 
apheno-etlunoiclal, 252 
8X)henofrontal, 245, 252 
sphonoparieLai, 245 
si»heno,iotrosal, 252 
spbenosipiamosal, 245 
squamosal, 204, 245 
i^ygumaticomaxitlary, 251 
Sweat-glands, 1014 
development of, 85 
Swellings, ai'^'twnoid, 142 
genital, 154 


transverse cer^dial artery, ! Sylvian fossa, 99 


Jj2U 

t /ansverse sinii s, 1216 
trspezhiB, 1211, 1247, 1251 
Traubc, space of, 1237 
triangle of auscultation, 
1229 

triceps brachii, 124$ 
trigeminal nerve, 1217 
tympanic antnuu, 1223 
memlmne, 1223 
ulna, 1245 
ulnar artery, 1253 
collateral arteries* 1253 
nerve, 1249, 1254 
unxbilicuH, 12*13, 1235 
upper extremilJy 1244, 
1249 

ureters, 1240 

iixo|imital organs, female^ 
maicr* 1243 

vena cava, inferk>T> 1233 
^superior, 1233 
vennifonn ph>ce6B* 1237 
v^tebral column* 1224 


veins, deep and su()erficiaU 
679 

Sylvius, aqueduct of, 7S)3 
fissures of, 806 
Syme's amputation, 340 
Sympatheuc nerves, 928 

comiections with spinal 
nerves, 887, 928 
fibres of spinal nerves, 887 
nervous system, abdominal 
portion, 935 

^ cephalic portion, 931 
cervical portion, 932 
pelvic portion, 935 
thoracic portion, 933 
applied anatomy of, 940 
development of, 100 
great j^exuses of, 937 
caioiac* 937 
ccaliac, 937 

p2?d^fl40 
solar* 937 
plexuses, 937 
Wnks* 930 


,940 
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iSymphyftis, 344 
t>f mandiblo, 235 
pubis, 390 
sacrococcygeal, 352 
Synarthroses, 343 
Synchondrosis, 343 
neurocentral, 176 
Syncytiotrophoblast, 50, 63 
Syndesmology, 342 
S^desmosis, ^4 
Synechia, HUT 
Synergic* mu^les, 424 
► Synostosis, premature, 25 
Sniovia, 343 

S^Tioviai stratum of articular 
capsule, 342 
Syringomyelia, 759 
Systems, Haversian, 19 
Systemic circulation, 645 
veins, 671 
Systole, atrial, 565 
v<^ntneular, 565 

Tabes dorsalis, 838 
Tables of the i^ul], 161, 196 
Tactile corpuscles of Golgi and 
Mazzoni, 1007 
of Grandry, 1006 
of Herbst, 1007 
of Pacini, 1006 
of Ruiiini, 1007 
of Wagner and Meissner, 
1007' 

Tactile discs, 1005 
Taenia liliera, 1 122 
mesocolica, 1122 
omcntalis, il22 
]3ontis, 773 
semicircularis, 823 
thalami, 704 
TwniaB coli, 1122 

of fourth ventricle, 785 
Tail of spermatozoon, 45 
Talipes or club foot, 534 
Talocalcaneal articiilatioii, 414 
ligament, anterior, 414 
interosseous, 414 
lateral, 414 
medial, 414 
posterior, 414 

Talocalcaneonavicular articu- 
lation, 415 

Talocrural arttculaiion, 411 
applied anatomy of, 413 
movements of, 413 


; Tarsus. 325 

- applied anatoji^ df, 340 
ossification of, &8 
surface anatomy of, 1253 
Taste, nerves of, 943 
organ of, 942 
Taste-buds, 942 
Tectorial membrane of ductus 
cochleatis, 1003 
^ accessory, 1004 
Tectospinal fasciculus, ‘ 755, 

756 

Tectum anterius, 75 
posterins, 75 
Teeib, 1034 

applied anatomy of, 1064 
bicuspid, 1037 
canine, 1056 

cement or cnista petrosa of, 
1059 

chemical composition of, 
1059 

crowns of, 1055 
cuspids, 1056 
deciduous, 1057 
dentine of, 1058 
development of, 1060, 1063 
enamel of, 1059 
eruption of, 1063 
eye, 1057 

general characteristics of, 
1055 

incisors, 1055 
ivory or dentine of, 1058 
milk, 1057 
molar, 1057 
multicuspid, 1057 
necks of, 1055 
permanent, 1055 
prcmolars, 1057 
pulp-cavity of, 1057 
i-oots of, 1055 
structure of, 1057 
substantia adainantina of, 
1059 

eburnoa of, 1058 
oasea of, 1059 

sucoessional permanent,! 063 
superadded permanent, 1063 
wisdom, 1057 

Teeth, auditory of Hiischko, 
1001 

Tegmen tympani, 200, 207, 985 
! Tegmental part of pons, 773 
Tegmentum, 789 


relations of tendons and i Tela chorioidea of fourth von 


vessels to, 412 
surface anatomy of, 1256 
Talotibial ligament, anterior, 
412 

posterior, 412 

'Talofibular ligament, anterior, 
412 

posterior, 412 

Talonavicular ligament, 415 
Talus, 328 

ossification of, 338 
Tangential fibres of cerebral | 
cortex, 831 

Tapetum of chorioid, 957 ; 

of corpus callosum, 815 I 

Tarsal arteries, 6t)6 t 

bones, 325 ‘ 

, ossification of, 338 i 

glands, 975 , 

Tarsi of eyelids, 974 
Tarsometatarsal articulatiomb ’ 
418 ' i 


tricle, 785 
of third ventricle, 827 
Telencephalon, 95, 803 
Telophase, 3 

Temporal arteries, deep, 589 
middle, 586 
su)>erficial, 586 
bone, 203 

mastoid portion of, 205 
ossification of, 210 
petrmis [»ortioii of, 200 
pyramid of, 206 
squama of, 203 
structure of, 210 
styloid process of, 210 
tympanic part of, 209 
fascia, 433 

211. 214, 245 

lobe. «10 
nerves, de^r BfiO 


Temporal nerves, superfloial, 
862 

. of facial, 870 
operculum, 811 
process of zygomatic bone, 
234 

vein, middle, 674 
superficial, 674 
Temporalis muscle, 433 
Temporary cartilage,, 14 
Temporomalar norve^ 
Tempcromandibular aftioaU'* 
tkm, 346 

applied anatomy of, 348 
surtaco anatomy of, 1210 
ligament, 347 

Temporomaxillary vein, 674 
Tendo Achillis, 5^ 
calcaneus, 530 
rupture of, 535 
oculi, 429 

Tendinous arch of pelvic fascia, 
468 

inscriptions of rcotua ab- 
dominis, 463 

Tendinous point, central, of 
perinieum, 473 
Tendon cells, 11 
Tendon, central, of diaphragm, 
453 • 

conjoined, of internal oblique 
and transversus, 403 
of conus arteriosus, 55& 
reactions, 838 
Htnicturc of, 10 ^ 
superior, of Lockwood, 970 
of Zinn, 970 
Tendons, 425 

on back liPWilSt, relatSSfis 
of, 503 

Tendril fibres of cerebellum, 782 
Tenun, capsule of, 972 
Tenosynovitis, 500 
Topsor fascia) lotw muscle, 517 
palati muscle, 1074 
tarsi muscle, 428 
tympani muscle, 090 
scmicanal for, 209, 987 
veli palatini muscle, 1074 
Tenth thoracic vertebra, 169 
rib, 189 

Tentorium cerebelli, 841 
Teres major muscle, 488 
minor muscle, 487 
Terminal vein, 680 
ventricle, 87, 750 
Terminations of motor nerves, 
743 \ 

of nerves of gemriil sensa- 
tions, 1005 
Testes, 1164 

appendages of, 1165 
applied anatomy of, 1167 
coni vascuiosi of, 1167 
descent of, 151 
development of, 151 
diictuU offerentos of, 1167 
ductus deferens of, 1168 
epididymis, 1164 
gubernacmlum testis, 151 
lobules of, 1 166 
lymphatic vessels of, 734 
mernastinum testis, 1165 
rote testis, 1 167 
septula t^tis, 1166 
structiiie of, 1166 
tubuU seminiferi oontorti, 
1166 
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Testes, tubuU recti of, 1 167 
tunica albuginea, 11^ 
vaginalis, 1165 
vaaculosa, 1166 
Testicular arteries, 641 
veins, 702 

applic<l anatomy of, 703 
Thalamencephalon, 703 
Thalami, 793 
connexions of, 794 
development of, 04,, . 
massa intermedia, 04, 794 
stalks of, 796 
structure of, 795 
surfaces of, 704, 795 
Thalamocortical fibres, 796 
Thalamomamillary fasciculus, 
796, 799, 826 

Thebeshis, valve of, 556, 671 
Tbenar eminence, 5(K) 

Tbig^, fascia lata of, 516 
muscles of, 515 
suTOrficial fascia of, 515 
Third cervical nerve, posterior 
division of, 888 
cuneiform bone, 324 
ossification of, 338 
metacarpal bone, 295 
metatarsal bene, *337 
occipital ntAve, 888 j 

trochanter, 312 i 

ventricle of the brain, 802 i 
^horioid plexuses of, 802 ; 
Thoracic aorta, 627 

applied anatomy of, 629 ; 

branenes of, 629 I 

peculiarities of, 027 • 

artery, highest, 015 

i 

long, 615 
superior, 615 

axis, 615 I 

cavity, 650 1 

ctirvo of vertebral column, | 
179 

duct, 710 I 

applied anatomy of, 712 ; 

intercoHlal nerves, 909 ! 

neive, l<»ng, 89' 


inde: 




Thorax, palpation of, 1044 
parts passing through upper 
'opening of, 550 

throu^^ lower opening 

percussion of, 1045 
m rickets, 192 
skeleton of, 190 
subcostal angle, 191 
surface anatomy of, 1227 
markings of, 1229 
upper opening of, 190, 560 
Thiombokinase, 29 
Thumb, carpometacarpal arti- 
culation of, 385 
Thymus, 1198 

applied anatomy of, 1200 
development of, 131 
lymphatic vessels of, 739 
structure of, 1200 
vessels and nerves of, 1200 
Thvreoarytaenoideus muscle, 
1026 

Thyreoccrvical trunk, 610 
Thyrco-opiglottic ligament, 
1018, 1022 

Thyrcoepiglotticus, 1026 
Thyrcoglossal duct, 130, 1065 
ThjTeohyoidous muscle, 442 
nerve to, 884 

Thyreoid artery, inferior, 610 
siincrior, 5^ 
applied anatomy of, 581 1 
axis, 6)0 

cartilage, 1016 | 

gland, 1195 | 

applied anatomy of, 1197 
development of, 131 
isthmus of, J 105 
lobes of, 1195 

lymphatic vessels of, 718 ; 

I pyramidal lobe of, 1196 

1 stmeture of, 1196 , 

vessels and nerves of, 1197 ; 
nc xh, superior, 1017 
veins, inferior, 69l 
middle, 677 
SJperior, 077 

Thyrco.'I '.a ima artery, 575 


appi'^ anatom y of, 906 ' Thyreoids, acc''8Sory, 1 196 

! ’Flu—- M. - 


twelfth, 910 

nerves, 908 ' 

anterior, 897 i 

anterior divisions of, 908 
applied anatomy of, 010 j 
posterior divisions of, 889 ' 
portion of sympathetic, 933 ■ 
vcrtebi|l?, 107 

viscera lymphatic vcssi’ls of, ; 

738 1 

wall, lymphatic vessels of, ; 
738 ! 

Thoracico- abdominal inter- I 
costal nerves, 910 \ 

Thoracicohimbar grc»up of pre- 1 
ganglionic fibres, 928 | 

Thoraco-acroinjal artery, 615 j 
Thoracodorsal nerve, 899 
Thoraco-cpigastric vein, 690 > 

Thorax, 190. 550 
boundaries of, 190 | 

cavity of, 550 i 

ins^tcction of, 1044 1 

lower opening of, 190, 550 ! 

lymph-glands of, 735 ! 

lymphatic vessels of, 737 j 
mecnanism of, 363 j 

muscles of, 450 


Thyreotoniy, 1030 
Tibia, 318 

applied anatomy oi, 324 
condyles of, 318 
intercondyluid eminence of, ; 

318 ! 

OBsilioation of, 321 
spine of, 318 
St ucture of, 321 
surface anatomy of, 1255 
tuberosity of, 320 
Tibial arter%% anterior, 664 

If- J 


applied anatomy of, 665 
branches of, 665 
p(H‘uliaiities of, 664 
surface marking of, 1262 
posterior, 666 
applied anabany ot, G67 
branches of, 66 
peculiarities of, 667 
surface marking of, 1262 
collateral ligament of knee- 
joint, 402 

lymph-gland, anterior, 721 
nerve, 922' ' ' ^ 

anterior, 925 , , . 

recurrent artery, anterior, 665 { Tracheal 


' {iosterior, 665 


Tibial spine, 318 
surfaces of femur, 316 
veins, 608 

Tibialis anterior muscle, 528 
posterior muscle, 533 
Tibiofibular articulation, distal, 
410 

proximal, 409 
syndesmosis, 410 
; Tibiofibular articulations, 409 
i Tibionavicular ligament, 412 
; Tinnitus aurium^ 875' 

; Tissue, adenoid, 12 
{ adipose, 9 

I areolar, 7 

cancellous, 17 
I connective, 7 

lymphoid, 12 
1 mucous, 1 2 

I muscular, 30 

, nervous, M 

' retiform or reticular, 12 
I white fibrous, 10 

i yellow elastic, 11 

! Tomes, fibres of, 1059 
granular layer of, 1059 
! Tongue, 1064 

applied anatomy of, 1071 
development of, 130 
foramen c»ciim, 1065 
frenulum of, 1064 
glands of, 1070 
lymphatic vessels of, 7 1 8 
mucous meTnbrane of, 1069 
musclea of, 1067 
papillsD of, 1065 
pnncipal lymph gland of, 718 
septum of, 1067, 1071 
applied anatomy of, 1069 
structure o.”, 1069 
sulcus tcrminalis, 1065 
vessels and nervXwS of, 1071 
Tonsil, lingual, 1065, 1072 
pharynri;eal, 1077 
Tonsil la3 ot cerebellum, 778 
: Tonsillar artery, 584 
' nerves froin gh)ssopIiaryn- 
gcal, 876 
' sinus, 1072 
; lonsils, palatine, 1072 
' applied anatomy of, 1073 
development of, 131 
lymphatic vessels of, 717 
structure of, 1073 
vessels and nerves of, 1073 
Torcular Herophili, 194, 683 
Torticollis or wrvTieck. 439, 
882 

Torus of auditory tube, 988, 
1076 

uretcricus, U5S 
utcrinus, 1090 

Trabeoulas carnese of left ven- 
tricle, 561 

of right ventricle, 559 
cranii, 74 
ofpenis^llTo 
of spleen, 1202 
Trachea, 1027 

applied anatomy of, 1030 
relations of, 1027 
structure of, 1029 
vessels and nerves of, 1030 
Tracheal branches of inferior 
^ thyreoid artery, 610. , 

! lymph-glandi^ 737 / 

1 tuggin^Z4 


Trachealis muscle, 1030 



TrachelomastoidoiiR muscle, 

447 

Tracheobronchial lymph* 
glands, 737 

applied anatomy of, 737 
Tracheotomy, 1031 
Trachoma glands, 970 
Tract or tracts — 
anterior basis bundle, 755 
anterior proper, 755 
of Burdagh, 756 
cerebellospinal of Lowenthal, 

^ 755 

cerebrospinal, anterior. 754 
lateral, 755 
comma-shaped, 758 
comuconiinissural, 757 
crossed pyramidal, 755 
direct cerebellar of IHechaig, | 
756 

pyramidal, 754 
dor^ peripheral baud. 
758 

of GoU, 756 
of Gowers, 756 
iliotibial, 516 
lateral basis bundle, 756 
lateral proper, 756 
of Lissauor, 756 
motor, 835 
olfactory, 81 2 
olivospinal (Helwog), 756 
optic, 802 

oval area of Flcohaig, 758 
rubrospinal of Monakow, 755 
secondary sensory, 756 
sensory, 836 . 

Bpinocen'beliar, anterior, 750 
spinotectal, 756 
spinothalamic, 756 
tectospinal, 755, 756 
triangular strand, 758 
vestibulospinal, 755 
Traction epiphyses, 24 
Tractus pedunou laris trans- 
vorsus, 788* 
solitarius, 91 

spiralis forarninosus, 207, 995, 
1004 

Tragicus muscle, 981 
Tragus, 979 

Transitional epithelium, 7 
Transpyloric plane, 1084 
Trans versa colli artery, 611 
Transversalis cervicis innsolc, 
447 

fascia, 405 

Transverse acetabular liga- 
ment, 396 

carpal ligament, 500 
cervical artery, 611 

ascending brancli, 611 
descending branch, 

611 

nerve, 893 
colon, 1118 
crural ligament, 535 
diameter of pclvi'<, UOo 
facifld artery, 58(i 
vein, 674 

fasciculi, superficial of hand, 
505 

fibres of cerebral liemi- 
spheres, 828 
fissure of brain, 827 
of liver, 1135 
folds of rectum, 1 1 20 
humeral ligament, 370 


Transverse ligantent of atlas, 
355 

cnis inferius, 355 
crus superius, 355 
inferior, of distal tibio- 
fibular articulation, 410 
of knee, 405 
metacarpal, 386 
metatarsal, 419 
of pelvis, 476 

ligaments of scapula, 368, 
369 

mesocolon, 1096 
occipital sulcus, 809 
processes of a vertebra, 162 
scapular artery, 010 
sinus of pericai^iuin, 552 
sinuses of dura mater, 681 
sulci, 194 

temporal gyri, 810 
Transvcrstis abdominis muscle, 
462 

aiirioiilte inuscle, 981 
iingiius 1069 
menti muscle, 431 
imchao muscle, 427 
pedis musi'le, 540 
perinan ]>rofuudiis muscle, 
in female, 477 
in male, 476 

periiifici siiperticialis muscle, 
ill female, 476 
in male, 473 
thoracis riiusclc, 451 
IVapeziiim, 292 
Trapezius muscle, 478 
Trapezoid, 292 
body, 773 
ligament, 367 
nucleus, 773 
ridge, 271 

Treves, blomlless fold of, 1098 
Triangle of auscultation, 480, 
1229 

Bryant’s 1260 
carotid, 592 
inferior, 592 
deltoidco]MK*torHl, 483 
digastric, 592 
femoral, 654 
of Hcssclbach, 1126 
lumbar, 480 
inuseular, 592 
of nc«^k, anterior, 591 
posterior, 593 

ooei[iital, 593 i 

of Petit. 480 

Searpa's, 654 j 

siilxilavian, 593 j 

submaxillarj*, 592 | 

suboceipital, 449 | 

Miprahyoid, 593 j 

supramcatal, 203, 246 
Triangular fascia, 460 
ligament, 475 

deep layer of, 476 
superficial layer of, 475 
left, of liver, 1087, 1137 
right, of liver, 1087, 1137 
strand, 758 

Triangularis muscle, 430 
stemi muscle, 451 
Triceps brachii muscle, 490 

Trichterbrust, 192 ^ 

Tricuspid valve, 658 
Trigeminal iiapreesion,‘207 


Trigeminal nerve, 853 

applied anatomy' of, 863 
surface marking of, 1217 
reflexes, 864 
Trigone, olfactory, 812 
Trigonum collaterale, 819 
habenulso, 797 
hypoglossi, 768, 786, 882 
va^, 768 
vesiem, 1158 

Trigonum fibrosutn of heart, 
562 

Triquetral lione, 291 
ossification of, 296 
Trochanter, greater, 311 
lessor, 312 
third, 312 

Trochanteric fossa, 311 
Trochlea of humerus, 277 
of talus, 329 

Trochlear fovea, 215, 249 
nerve, 852 

applied anatomy of, 853 
process of calcaneus. 332 
spine, 215, 249 
Trochoid articulation, 344 
Trolard, great anastomotic 
vein of, 679 

Troltsch, it^cesses of, 991 
Trophoblast, 49V 
Tropical abscess of liver, 1 142 
True pelvis, 305 

ribs, 185 « 

vertebral, 161 
vocal cords, 1023 
Trunciis arteriosua/ 1 43' “ 
Trunk, arteries f>f, 627 

fascia) and nm«cle.s of, 444 
Trunks, 

Tubal pregnancy, 47 
Tube, auditory or Kusiachian, 
988 

pharyngeal ostium of, 
1076 

tonsil of, 988 
digestive, 1045 
laryngotrac’heal, 142 
-neural, 53 
Tube-tonsil, 988 
Tuber cincreum, 799 
omentale of liver, 1136 
of pancreas, 113(» 
vermis of cerebellum. 77.S 
Tubenilo, adductor, 312 

articular, of tcmjMinil bone. 
203, 243 

auricular, of Dai’iiiii. 979 
Ohassaigmu 's. Iiii 
cloacal, 154 ^ 

conoid, 271 
cuneate, 764 
cuneiform, lu23 
deltoid, 27 1 

of epiglottis, lolo 
of femur. 312 
genital, 1.>I 

of humciu.'. 274 

^ less(*ii 27 1 

intt‘r\'rnoi4** 557 
la<riiru*l. 22S 
of 55 < 

nu ur.iJ, 235 

olit'Mviior. anterior, 303 
, 301. 303 

i .i.rci'i), 332 

ngoal. 196, 243 
tjlonoifi, 204 * . 

;m>2 





'iH^Jeofiib, 187 

ligament of, 3<K) i 

of Eolando, 764 < 

Hca}enc, 18B 

Tuberculum anterius, 164 ; 

carotioum, 164 \ 

cmercam, 764 

impar, lilO 1 

jogulare, 196 
posteriuB, 164 
flclltt, 197, 262 

Tuberosity, calcaneal, :i32 i 

coracoia, 271 ' 

costal, 272 

of cuboid, 335 ! 

deltoid, 276 

frontal, 213 | 

uf fifth metatarsal bone, 337 i 
glutffi^, 312 

iliac, 300 j 

infraglenoid, 268 I 

of iB<niium, 302 i 

maxillary, 224 
of navicular bone, 333 
of palatine bone, 232 
parietal, 211 
radial, 282 
sacral, 173 

supraglenoid,' i69 

of tibia, 321$ 
of ulna, 284 ^ 

Tubes, uterine or ballopian, 
1182 

Tubotympanic recess, 108 
Tubules, rgfial, 1147 
VVolia^n. 146 
Tubuli lactiferi, 1194 

seminiferi coniorti, 1166 

Tunic, dartos, 1171 
Tunica adventitia, 646 
albuginea of ovary, 1180 
of testis, 1 166 
elastica externa, 546 
intima, 646 
media, 646 
vaginalis, 162, 1166 
vasculosa of testis, 1166 
Tunica of eve, 951 
Tunnel < f ^!orti, 1001 
Turner, intraparietal sulcus ot, • 
809 * 

Twelfth thoracic vertebra, 169; 

rib, 189 ^ 

Tympanic antnmi, 206, 968 
entrance to, 982 
surface fnarking of, 1223 
arter V, ^jiterior, 687 
, iiiw' sr, 681 

canaliculus, inferior, 208, 244 
cavity, 984 

applied anatomy of, 99- 
attic or epitympanic recess 
of. 984 ^ ^ 

auditory (Eustachian) 
tube, 988 

carotid or anterior w^Jl ol, 
987 

de(velopm3Jl^i'iif, 107 
j ng nlaj wall or floor of, 
9$5 „ 

Ubyrinthic or medial wall 
of, 986 . 

mastoid or posterior wall 
of. 986 

i membranous or lateral 

^ waU of, 985 

ixjiUfiOQS membrane of, 091 


Tympanic cji^ity, muscles of, 990 : 
pssiclc-s of, 988 i 

development of, 108 
movements of, 990 
tegmental wall or roof of, 
985 

vessels and nerves of, 991 
1 crests, superior and inferior, 
210 * 

. lip, 1001 

membrane, 985 

pars flaceida, 986 
f pars tensa, 986 

’ structure of, 986 

; vessels and nerves of, 988 

sec ondaryr 986, 996 
nerve (Jacobson’s), 876, 991 
part of temporal bone, 209 
plexus, 876, 991 
ring, 210 

sulcus, 209, 982, 986 
Tyniponohyal part of styloid 
process, 210 
Typical vertebra. 161 


Ulna, 283 

applied anatomy of, 28b 
coronoid process of, 284 
olecranon of, 29i ^ 
ossification of, 286^ 
radial notch of, 285 
semilrnar notch of, 284 
sigmoid cavities of, 284, 285 
structure of, 286 
styloid process of, 286 
surface anatomy of, 1245 
tuberosity of, 284 
Ulnar artery, 623 ; 

applied anatomy of, 624 
branches of, 6^ ^ 
peculiarities of, 624 
recurrent aarterior, 625 
l>osterior, 626 
*»urface marking of, 1253 
colmtcral artery, inferior, 610 , 
siijaerior, 610 i 

collateral nerve, 904 
collateral ligament of ellx>w- , 
joint, 374 ^ | 

collateral lii’ment >1 wrist- 
joint, 381 
ncr>'e, 903 

ppxdied anatomy of, 9t)< 
not« h of radius, 282 
Ultimobranchial bodies, 132 
Umbilical arteries in fietiis, 66, 
666, 644 
cor'd, 62 

folds, 1126, 1167 
fossa of liver, 1134 
ligament, lateral, 644 
middle, 1167 
regum, 1084 
veins, 63, 113, 669 
vesicle, 66 
Umbilicus, 466 

Umbo of membrana tympam, ^ 


Uncifonn bone, 293 1 

Uncinate fasciculus, 828 

process of ethmoidal bone, ^ 
219 

of head c ^ pancreas, 11.28 ; 
Uncrossed l«Lt^rBVei^n>h^^X J , 
fibres, ! 

Uncus, 81V i 

Ungual phalanges of foot, 337 | 
ofhaAid,296 


Unstripwl rausclo, 32 , 

Upper extremity, arteries of, 

602 

articulations of, 365 

bones of, 266 

fasci® and muscles ol, 
lymph-glands of, 718 
lymphatic vessels of, <21 
surface markings of, 1249 
veins of, 689 
motor neurons, ^36 
Urachus. 153, lk54 • 

Ureter, 1152 

abdominal part of, 
applied, anatomy of, 1163 
arteries of, 1153 
lymphatic vessels of, 733 
muscles of, 1169 
nerves of, 1153 
orifices of, 1168 
pelvic part of, 1152 
structure of, 1163 
Urethra, development of, 164 
female, 1163 
male, 1160 r 

applied anatomy of, 1163 
cavernous portion of, 1162 
crest or veniraontanum of, 
1161 

lymphatic vessels of, 734 
membranous portion of, 
1161 

pTf)static portion of, 1161 
utricle, 1161 
structure of, 1162 
! Urethral artery, 647 
bulb. 1173 . 
ailery of, 647 
' crest, in female, 1163 
in male, 1161 
‘ glands, 1 162 

orifice, external, 1162, 119- 
internal, 1 158 
plate, ’’>4 

Urinary bladder, 1164 

applied anatomy of, llo9 
development of, 163 
lymphatic vessels of, 733 
organs, 1143 

development of, 146 ^ 
lymphatic vessels of, <32 
Urogenital ajiparatus, 1143 
diaphragm, 47.5 

inferior fascia of, 476 
superior fascia of, 476 
fold, 147 

ostium, primitive, 155 
region, muscles of, in female, 
476 

in male, 473 
sinus, 163 

Urorectal septum, 139 
Uterine artery', ^ 
cervical ganglion, 940 
glands, 1189 
plexus of nerves, 940 
plexufses of veins, 701 
tube, 1182 ^ , 

' abdominal ostium of, 1183 
ampulla of, 1182 
appendices veaicalosw ot, 

applied anatomy of, 1183 
development of, 149 
fimbri® of, 1182 
infundibulum of, 1183 
isthmus of, Uf® 
lymphatic vesaete of, 735 ' 




^ tube,|MirB uterina tubie, 
1^1182 ' 

un^of, 1182 
ral Qgament^ 1186 

9p 1188, 

^ed anato^yiv of, 1186 


V ? 

73.5 

t'p. 1187 


i 1187 
* :?1S7 


^of, I ISO 

f;r i>n»static 

^le, ptt)8tatk', 11()1 
rostibnio, 9t)7 
it-nicture of, 01»S 
9o9 

of cei'obolluiiu 77S 

I itine, 10-18 
low, 1168 

a, llOtJ 
nuns of, 1190 
lifos of, 1 UK) 

.pbatio vessels of, 725 
icturo of, lUH) 

[tibule of, 1192 
a processus styloidoi, 208, 

^aj inncos;e, 343 
645 

. arcm 

artery. 
body,b 
canal, 3 
colum^i bone, 
appl^ 
art-i<j 
cartifqM^l 
curve*. 865 

develops 

-actui 

lateral ci 
loidosi&J 





Valves of Houston, 1120 
of 707 

pulmonary sef!nilttnar,^% 
right and left venous, llo J 
of veins, 550 j 

V alvula!i conniventes, 1110 j 
Varicocele, 703 ! 

Varicositv of saphenous veins, | 
607 

Vas aberrans of Haller, 1109 ; 

deferens, 1168 ! 

spiralc, 1001 i 

Vasa aberrant ia, from brachial j 
artery, 618 - 

brevia of stomach, 6.‘15 ! 

intestini tenuis, 636 | 

vasonim of arteries, 547 ! 

of veins, 550 i 

N'aacular area of yolk-siu*, 109 j 
capsule of lens, 104 i 

system, changes in, at birth, i 

568 j 

dcvfh)pmcnt <»f, KK) 
pectiliarities in feet us, 566 
tunic of bulb of eye, 955 
Vasomotor nerve-fibn*s, 742 
Vastus intermedins muscle, 
519 

lateralis Muscle, 518 , 

incdialis muscle, 518 I 

Vater, ampulla of, 1141 I 

Win or veins — ! 

<if abdomen, 698, i 

anastomotic, of Labbe, 679 i 
of Trolard, 679 
angular, 673 
anterior cardiac, 672 
vertebral, 678 
ascending hirubar, 702 
auditory, internal, 1004 I 

auricular, posterior, 674 
axiUary, 690 
applied anatomy of, 690 
azygos, 693 
basal, 670 
V>asilic, 688 
basivertebral, 694 
brachial, 690 
of the brain, 670 
bronchial, 694, 1043 
canliae, 672 
cardinal, anterior, 123 
] posterior, 123 
cava, inferior, 701 

applied anatt^my of, 702 
superior, 691 

applied anatruny of, 693 
* cephalic, 687 

accesstjry, 688 
cerebellar, 680 
; eereliraJ, 679, 080 
; anastomotic of Labb^, 679 
of Trolard, 679 
ank'rior, 679 
basal, 679 
chorioid, 680 
ciliary, 966 
deep middle, 679 
external, 680 
of Galen, 080 
great, 680 
inferior, 679 

ises* 

middle, 679 
superior, 679 
Bylviau, deep, 679 
ii(U]>orQ^mb 679 
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Vein or veimr (coii/.) 
oeiebral, tenninal, 680 
cervical, deep, 678 
chorioid, 680 
coats of, 549 

coniitans of hy}K>glos.sal 
nerve, 677 
common facial, 673 
iliae, 701 

vitello-umbilieal. 113 
condyloid, 687 
eorouaiy' sinus, 671 
of stomach, 706 
cystic, 706 
deep, 670 
frfcial. H74 
of forearm, 690 
of hand, 600 
of lower extremity. 698 
of upper extremity, 689 
development of, 122 
digital, of foot, 095 
of hand, 687 
diploic, 678 
dorsal digital, 687, 695 
metacarpal, 687 
metatarsal, 

plantar, 698 -- » ‘ 

of penis, 701 
venous arch, 687 
network. 687 
emissary, 686 

applied anatomy of^087 ^^ 
epigastric, inferior, 6i$'Jjr '* 
supertlcial, 696 
facial, anterior, 673 

applied anai*..^;, n5iA»r 
comnion, 073 
deep, 674 ^ 

posterior, 674 
1 ransverse, 674 
femoral, 698 
frontal, 672 
of Galen, 680 
gastric, ri^rht, 706 
short, 705 

gastro-cpiploic, left, 705 
right, 706 
glutscul, 700 
great cardiac, 672 
ba^morihoidal, inferior, 700 
middle, 700 
plexus, 700 

applied anatomy of, 701 
superior, 705 
of hand, 687, 690 
of head and nock, 672 
of heart, i>7 1 jo 

hemitiy.ygos, 693 ' ■ 

accessory, 693 
hepatite, 7(K{ 
histology of, 549 
hypogastric*, 609 
iliac, circumtlox, deep, 699 
superficial 696 
com’ -Wr 7Q^, 
externa). 098 'Maw >. 
internal 699 * 

interior cava, 701 
innominate^ 691 
intercapitular, 687, 695, 698 
intercostal, 693 
interlobular, of kidney, 1 150' 
of liver, 1139 
internal mammary, 691 
intervertebral, 695 
I \ intralobukM', of liver, 703* 

1 

‘ ' ' 1 ' L . 
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Vein or veins {eotit.) 1 

jugular, anterior, 675 
exUTttal, 675 

applied anatomy^ of, 

development of, 126 
IKJstoribr, 675 , I 

intenu]^, I 

appli^ anatomy of, 077 j 
of LedIkS i>o8tej^or anasto- 1 
motic, 679 I 

lateral saoral, 700 
lienal or splenic, 705 
lingual, 677 

of lower extremity, deep, 698 ! 

Huperficial, 095* ; 

lumbar, 702 : 

ascending, 702 j 

mammary, internal, 091 ' 

marginal, of foot, 095 ! 

of heart, 672 

mastoid emi.4sary, 686 I 

maxillary, intern^, 674 | 

median antibraehial, 689 
basilii', 687 

applied lyiatoiny of, 6$9 ' 
.cubit^;%/o/ 

of'i/Tv^'Mla spinalis, 695 ; 

mesenU'ric, inferior, 705 
sui' 705 

D iai‘b,:l, 095, 60S , 

le eardiliic, 672 I 

, ningeal, 686 | 

nasofrontal, <185 | 

^ of ne<^k, 675 , i 

left atrium (Mar- [ 
shalli), 126,552, 67^2 '! 

J obturator, 700 
occipital, 674 
ophthalmic, 685 
orbital, 674 

ovarian, 703 | 

pampiniform plexus, 702 i 

pancreatii*, 705 
pancreaticoduodenal, 703 i 

parietal, of embryo, 123 
enissary, 686 « 

parumbilical, 706 j 

of pelvis, 698 
penis, dorsal of, 701 
peronaaal, 698 
phaiyngeal, 677 

plexus, 667 | 

phrenic, inferior, 703 i 

. superior, 091 j 

Plantar, digital, 698 
if* lateral, 098 I 

mo^al, 698 I 

venous arch, cutaneous, | 

695 I 

deep, 698 ! 

venous network, outane- j 

008, 695 j 

popliteal, cm I 

portal, 70/', I 

*akatoray of, 706 i 

uftSfiSior of left ventricle, I 

672 i 

profunda fomotis, 698 ! 

prostatic plexus, 700 I 

pterygoid plexus, 674 I 

pubic, 699 

piid^dal, internal, 70Q 
plexus^ 700 

supei^oial coctetniy^ 696 ^ 

pudic,^tmal,')9i96 ' ^ /; 


I Vein or veins (coni.) ^ 
pyloric, 706 ^ 

ranbe, 677 
renal, 703, 1150 
right gastric, 706 
sacral, lateral, 700 
j middle, 701 

I saphenous, accessory, 696 
j great, 695 

I small, 696 I 

I applied anatomy of, 607 | 

sciatics 700 " ! 

short gastric, 705 ! 

small cardiac, 672 i 

smallest cardiac, 672 | 

I splenic or lienal, 705 
: spennatic, 702 | 

j stellate, of ki<lncy, 1150 | 

striate, inferior, 6^ ; 

I structure of, 549 • 

snbcardinal, 124 ! 

I subclavian, 690 
I sublobular, of liver, 703, 1139 
superficial, 670 

of upper extremity, 687 
applied anatomy of, 689 
of lower extremity, 695 


; applied anatom v of, 

697 ^ ‘ 

I superior vena cava, 691 
, intercostal, left, 691 

I right, 693 

I mesenteric, 705 

I phrenic. <19 1 

I supraorbital, 672 
, suprarenal, 703 
lar^ r Sylvian, deep, 679 
' ! superficial, 679 

systemic, 671 
temporal, mi<Mle, 674 
sujM.ilieial, 674 
j tem]K>romaxiilary, 674 
I tenainal, 680 
I testicular, 702 

thoraco-epjgastrii^ 696 
I of thorp K, 691 

hyreoid, inferior, 691 
» middle, 677 

I Hux oiu>r, 67'^ 

tibial, 698 

transverse cervical, 675 
facial, 674 
scapular, 675 

I Trolard, great auastomotie 

I of, 679 

j umbilical, 63, 113, 569 

of upper extremity, deep, 

! 689 

I superficial, 687 

>us, I uterine plexuses, 701 

I vamnal plexuses, 701 

t valvea of, 550 

ne- ! vena cava, inferior, 701 
i superior, 691 

I veitebral, 678 j 

J anterior, 678 

9 i plexuses, <19^ 

cle, I of vertebral column, <»94 
! vesical plexus, 700 

! visceral of embryo, 122 

I vit^ne^ 1 12, 122 

I viteilb aiuoilical, U3 

^'-llfbtacarpar, 690 -r 

venous arches, 690 I 

I ^ ^ Vehunentotis insertion of umf 
bilical cord, ^ K 

y^iim interp^tum ' | 


[ Velum, medullary, anteridPj^* 

1 posterior, 777, 780» 74^, 
palatine, 1048 
! Vena capitis iateralia, 196 
} medialis, 126 

I cava, inferior, 701 • 

• applied anatomy of, 7 

development of, 124 ] 
I fossa for, H 35 .rf 

peeuliariticsa^f, 76/ / 

! valve of, 506, 566, f 

I superior, 691 I 

i applied anatomy o,^ 

I development of, 

surface maridng of,; • 

I comitans hypoglossi, 67* * 

I corporis striata, 680 
; ma^a Galeni, 681 
jtrofunda femoris, 698 
I nmbilicalis impar, 112, 1; 

I Vena eaval foramen in | 
phragm, 453 « 

Venas advehentes, 122 J 

eavsp, right and left snpeix 
125 { 

»*omitantes, 670 j 

cordis miniime, 560, f 

propriaj renal^ ' tt* . * 

rectum of kidnf.'. t/truj 

revehentes, 1 ! 

siellatss of lc«^ , . "j 
vorticosje, 95 

Venesection, 67> uviili 

Venous an il, ‘ 9®* 

plantar, < 

deep, 6 X- . i 

jugular, f ^ 

lacuna) of f 

mcsocardiiu J^*'| 

netwoik, d^ 
plantar a 

pi^ 'jis, pa .. 

1171 I 
pharyngt 
ptcrygoi* 
pudendty 
uterii' ^ ^ 

vagijf*^ ^45 
siruisoA’ f*ff 732 

(jf ^psratiis, 1143 
vftlv<* 475 

Vcntra/^“°f.47« 

ceph,^®'®^'®’ 

eoeh. 

aiscles of, in female, 

SCf 

Ver,f/«3 

yai septum, 130 
» artery) 045 
/cal ganglion, 640 
1189 

^ of nerves, 940 
^ 's of veins, 701 

^al ostium of, lisi 
. / Jja of^ 1 182 


\of, 685> 

^ .of la|rv 

102^,/}' ■ 
61 ’ "^ '\>c '■ 



' septiim» muaculftr, i 

Tildas 

masoH 1026 
1008 

P Tentriole of, 821 

afbaai,m 
bnn prooe68 or ap- 
pendix, 1116 

\ lymphatic vessels of, 731 
Mrii^ctuie of, 1117 
K^^is of cerebellum, iafcrior, 

A - 776, W 
' fwpprtor.J776, 776 
^‘Mi^Aasoos^ 85 

anticlinal, 167’*' 
eWvv^h thoracic, 169 
fifth lumbar, 170 
first cervical, 164 
-BiSI thoracic, 168 
ninth thoracic, 169 
psominloB, 166 
ossification of, 178 
second cervical, 165 
seventh cervical, 106 
tenth thoracic, 169 
twelfth thoracic, 169 
^ertobr©, 161 
articular processes of, 162 
' bodies of, 161 
cervical, 162 
cervicalcs, 162 
coccygeal, 176 
false or fixed, 161 
general eharactoriatics of, 
161 

lamin© of, 162 
Ugaijionts of, 349 
lumbalcs, 169 
lumbar, 169 
ossification of, 170 
pedicles of, 161 
saiTal, 171 

spinous processes of, 162 
structure of, 162 
thoracalcs, 107 
thoracic, 167 

transverse processes of, 162 
tnio or movable, 161 , 

Vertebral arch, 161 
arches, articulations of, 351 
pedicles or roots of, 161 
artery, 606 
body, 161 
canal, 181 
column, 161, 179 
applied anatomy of, 181 
artic!ilations of, 348 
cartilaginous, 70 
curves of, 179 
development of, 69 
nsLCture-dislocation of, 181 
kvphosis of, 181 
laminectomy, 182 
lateral curvature of, 179, 
181 

lordosis of, 18) 
membranous, 09 
. . ossification of, 176 
'' surface anatomy of» 1224 
veins of, 694 
161 
^^180 

lUSoM anterior, 442 
latertl,444 
162 
;865 

rin, 67^ ^ : 


Vertebral Ml « 

venouMeximes, 694% 
Vert^wMiondral ribs, 186, 364 
Ve^f^Rtml rib^ 364 
Vertical circumference of skull, 
-261 

index of skull* 261 
part of palatine bone, 231 
Verticaiis lingo©, 1069 
Verumontannm, 1161 
Voeioafe^ea, 1140 
urinaria, 1154 
Vesical artery, inferior, 645 
superior, 644 

layer of pelvic fascia, 469 ! 

plexus of nerves, 940 
of veins, 700 
Vesicle, auditory, 106 
germinal, 42 
lens, 102 

umbilical, 50 * 

Vesicles, cerebral, 53, 90 ! 

optic, 94, 102 

Vcsico-uterino excavation, 
1087, 1184 

VcsiculiB Hcminalos, 1160 i 

applied anatomy of, 1170 
lyiiiphaiic vessels of, 735 
stnictmo of, 1170 
vessels nerves of, 1170 S 
Vesicular ovarian follicles, 1180' 
Vestibular arteries, 1004 ! 

bulb, 1192 

lisaure, 996 , 

ganglion, 1004 
glands, greater, 153, 1 192 
lip, 1001 

iiiemb'-ane of Tlcissncr, 999 \ 
nerve, 872, 1004 
nuclei of, 776, 873 j 

A^cstibiile, aortic, 561 i 

of bronchiole, 1042 
of internal ear, 993 
of larjTix, 1022 
of mouth, 1040 
ol nasal cavity, 945 
of omental bursa', 1092 
of vagina. 1 192 
Vestibulospinal tract, 75.5 
Vestigial fold of pericanlium 
(Marshall), 126, 5.52 


Vitreous body 984 • 

developmeat of* l(i5 
Vocal cords* 1023 
true* 1023 
folds, 1023 
fremitus, 1045 
ligaments* 1023 
process of aryttenoid carti- 
lage, 1018 V ^ 

‘ Vocahsmi^le, 1026 
I Volar antibrachial mnsekM, 491 
arch, deep* 623 
superficial* 627 
applied anatomy of, 627 
! sunace markings of, 

1253 

artery* superficial, 622 
bramch, deep, of ulnar artery, 
626 

of ulnar nerve, 901 
carpal branch of radial 
i artery* 622 

of ulnar artery, 625 
carpal ligament, 600 
network* 622, 625 
! digital arteries, common, <>27 
proper* 627 
nerves, 903, 
veins, 687, 

interosseous artery, filhiptf 
nerve, 901 
ligaments, accessor' 
metacarpal arterin-. 
veins, 690 

radiocarpal ligament. 381 
venous arches, 69«) 

Voluris indicia ratlialis nrle!^ 
623 

Volunt-ary muscle, 30 
Volvulus, 1124 
Vomer, 222 
ossificB'lioii of, 222 I 

Vomoromml cartilage, 223, 947 
f>rgan8, 82, 947 

Vulva, 1191 , 

of third ventricle, 803 

VVaguer and Meissner, cor- 
puscles of, 1007 

IVallorian degeneration, 40, 764 
Wandering cells, 9 


Vicq il’Azyr.hiindleof, 799, 825 i Weight of brain, 834 

inn .loi: ' aou 


Vidian artery, 590, 596 
nerve, 858 
Vicussens, valve of, 780 , 

Villi of chorion, 0,5 
of intestine, I U 1 
Vincula brevia, 494 
longa, 494 
tiijindijica, 404, 539 
Msceral archns, 77 
lymph-glands of aldoinen | 
and pelvis, 726 ‘ 

of thorax, 736 
veins, 122 

Visual centres, higher or cor- 
tical, 802, 850 
lower, 797, 800, 850 
X>urple, 14, 960 
Visuoijsyohic area, 832 
Visiioscusory area, 832 
Vitelline circulation, 57 
duct, 56. 57, 133 
fluid* 57 
membi 
veins, U: , 

VtteUO'UmbUical vein* 
mon* U3 



Wens, 428 
Wharton, duct of, 11)52 
jt41y of, 12, 62 

White commissure of medulla 
spinalis, 747 

fibres of areolar tissue, 7 
tibrocartilage, 16 
fibrous tissue, 10 
line of pelvic fascia. MiS 
nerve-fibroa, 37 
uorvc-flubstanco of cere- 
bellum, 778 

of cerebral hemispheres, 
827 ^ 

of medulla y 
substan 
39 

Whitlow, 505 
> Width of face^ 261 
Willis, arterial circle of, 001 
cords of, 680 
; Windpipe, 1027 
Winged soapulm, 271, 485 
. Wings of sphenoid, great, 199 
small* 200 

insiow* foramen of* 136, 1091 






